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Electrical treeing is a pre-breakdown mechanism, and is the responsible
for the long-term degradation of polymer insulation. This paper has been
enhanced both the life-time of tree propagation to breakdown and the
tree growth rate of electrical tree propagation by adding various
amounts of nanoparticles as Clay, Slica, ZnO, and Al203 to various
industrial materials CT200 Epoxy Resin, and LY/HY-5052 Epoxy Resin.
This research has focused on the development of nanocomposite
materials with electrical tree growth resistance superior to the unfilled
matrix, and has stressed particularly the effect of filler volume fraction
on the breakdown resistance. Finally, this research aims to present a
systematic and comparative study about the effect of adding
nanoparticles to dielectric insulation, and to understand the role of these
nanoparticles, Clay, Slica, ZnO, and Al203 particles in the CT200
Epoxy Resin and LY/HY-5052 Epoxy Resin which can made significant
improvement in breakdown resistance, life-time of insulation and
decreasing the tree growth rate of electrical tree propagation.

KEYWORDS: Electrical Treeing, lifetime, Tree Propagation,
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1. INTRODUCTION

Over the recent years particulate composites hesgived much attention particularly
with the introduction of nanoparticles. Nanopaescloffer improved mechanical,
electrical, and thermal properties of compositesekttively low concentrations. One
of the important properties of composites in gelniertheir dielectric properties which
have been studied extensively. More recently, rebetends to suggest that the
dielectric properties of the interphase are al$mmogeneous, varying with respect to
the radial distance from the centre of the sphknicdusion [1-3]. A controlled design
of the spatial varying property also enables onedntrol the overall property of
composites [2]. Results for the dielectric constaate been published for two-phase
composites in which perfect bonding is assumeditst éetween the inclusion and the
matrix. The results are from Maxwell-Garnett thefit}ywith the same result derived
later by using the composite spheres assemblagelnild This result can also be
used for the electrical and thermal conductivitggmetic permeability and diffusivity,
provided that the spherical inclusions and matrix iaotropic. There has been a first
principles approach developed to find the effectiveectric response of composites
with a dilute suspension of graded spherical padicVo and Shi [4] measured the
dielectric properties of composites as a functiérinclusion concentration using a
proposed theoretical model based on effective nmedheory [5, 6]. The dielectric
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property of composites and its dependence on tle Goncentration is taken into
account in their model. Therefore, their model aids overall volume fractions and
showed good agreement with experimental results.

Electrical treeing occurring at voids and impustie considered the main pre-
breakdown mechanism of polymeric insulation makeriés formation is characterized
by three main phases: initiation, propagation aneakdown. During the initiation
phase, it is assumed that micro-voids are formedegions of high electric stress
without detectable partial discharge activity. e tpropagation phase measureable
partial discharges cause erosion and developmenthiof channels across the
insulation. This complex process is affected bycepeharge injection, breaking of
polymeric bonds, oxidation and formation gases.ii@upropagation the electric field
distribution in the channel is continuously chamgithus the discharge activity will
vary within the electric tree. Electric breakdowocors either when a conductive
channel is formed or the breakdown strength oftre structure is reduced below the
applied stress. The result of this is that the shafpelectrical tree depends on the
magnitude and frequency of the applied electriesstr as well as the material
properties. Electrical trees are a common causdegfadation in solid insulation.
Electrical trees are erosion channels, which stem fregions with high local electric
field (such as voids, cracks, foreign particleg.€fcee growth comprises the formation
of gas-filled channels, in which partial dischargesur. Propagation of electrical tree
into solid insulation can bridge the electrode gausing breakdown to the insulation.
The breakdown does not occur when thin channeigeaat the opposite electrode. A
certain amount of time is needed for thin chantelturn into thick ones, which are
then capable to cause breakdown. The partial digehectivity within the channels is
responsible for the channels diameter growth. Tharacteristics of electrical tree
propagation have been found sensitive to electgetemetry, voltage, frequency,
temperature and so on. During propagation the redatttree can adopt variously
complex shapes that can be roughly characterizethrasch and/or bush-shaped
structures. Electrical trees consist of connectédnoels a few micrometers in
diameter, with branches tens of micrometers lorfgg Walls of the channels are not
always carbonized and only weakly conducting, thlitough a short circuit may
occur if the tree bridges the insulation [7-11].

Most researches to date have been done on obsengrgrowing of electrical
trees using optical observations, pulse distribuffeD) analysis and PD pulse analysis.
However, there is not much work done on investigatihe trend of electrical trees
prior to breakdown, i.e. analyzing and meaningitmgortant characteristics of partial
discharge patterns due to electrical trees rigfdrbethe insulation breakdown. This
would be useful to give an indication of the bebawf the electrical trees before
breakdown, i.e. its insulation life is reaching fivait. Studying electrical treeing in
polymers, standard test methods referred as ndestemethod provides statistical
estimates of the electrical tree initiation streBsth metallic and semi-conducting
needles can be applied [12-14]. Partial dischaigges start at the interfaces and
eventually promote inception and growth of eleetritees. The possible reasons for
how smaller particles should improve the electrioaging resistance are discussed and
a model for breakdown-resistant of nanocompositeledirics is developed.
Nanoparticles have great effect of changing thepemies of nanocomposite materials
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as electrical tree growth resistance superior ® dhfilled matrix, and so, it has
stressed particularly the effect of filler volummadtion on the breakdown resistance
[15-21].

This paper has been investigated the life-time m@fe tpropagation to
breakdown and demonstrated that the tree growthafaglectrical tree propagation by
using various types and amounts of nanoparticldso,At has been explained the
dielectric properties which enhanced by adding parteles of Clay, Silica, Zinc
Oxide, and Aluminum Oxide to various types of epaegin industrial insulation
materials.

2. ANALYTICAL MODEL

A system of a propagating electrical tree and tlmeosinding damage process zone
(DPZ) subjected to only alternating current eleetristress as shows in Fig. 1. Is
considered during the tree propagation processP#é is visualized to evolve in a
self-similar fashion and evolves through the transftion of polymer from some
initial morphology to a damaged morphology. In thiay the nature of damage is
intrinsically related to the microstructure of thelymer. Micro-voids initiate in the
DPZ at the tree tip when the intensity of the loeald ultimately builds up to some
critical level as shows in Fig. 1.a. The primanmgetrchannel departs from its original
straight trajectory to connect to a neighboringityabeing absorbed, and another
neighbor cavity is absorbed by the main tree chiatonform branching tree channels.
Figure 1.b illustrates the microphysical charastars of tree propagation. Damage in
the DPZ ahead of a tree gives rise to micro-vordsch eventually coalesce, as an
extension or branch. 00
:Ioo —» E
micro voic Primary tree channel

< :/Ooo'\

Distributed voids

DPZ 0
0

a. Critical damage process zone b. Aggafing tree and its branching process

tree chann

Figure 1 Damage in the DPZ microstructure of thtealdield around the tree tip

The characteristic micro-void density and its disttion in the DPZ depend upon
material, specimen geometry, and loading conditiofise interval between two
consecutive increments of tree propagation depatsdson the random distribution of
micro voids in the DPZ. The consequence of thisr@ggh is therefore that tree
propagation is essentially considered here to tamdom process and the tree structure
can be modeled as a fractal cluster that consistgrawing micro-voids. Fractal
clusters are characterized by the relationship &etw, the linear size of a cluster, and
D, the total number of branch elements from whiuoh ¢luster has been formed. This
relationship is a power law with a non-integer engaatd; [9].

D = (L/Ly)% (1)
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Where, dis called the fractal dimension, D in present cissthe total number of
growing micro-voids which have formed the tree stnte, L is the linear length of the
tree structure andylis the linear length of a growing micro-void.

A fractal, according to Mandelbrot's explanatios,a shape made of parts
similar to the whole in some way. The concept afctal in the microstructure of
materials has been applied with success to varfinenomena including fractal
behavior of dielectric aging [9], and electricaamg structures. The physical origin of
the formation fractal structures in the case ofedittic ageing and electrical treeing has
been explored and reported [10], and it is arghed the fractal behavior determined
by the scale-invariance of the degradation evautgnamic equation. Fractals may
not only provide a phenomenological approach toasttarizing structures that appear
to be self-similar to a certain approximation, bl#o reveal important information for
the theoretical interpretation of the patterninggessses, and provide a useful tool in
validating models for the evolution of the microstural elements. The formation and
growth of micro-voids in the DPZ ahead of the tiipeon a submicroscopic level, can
be explained and described as follows; the polydegradation process starts from
chain scission and free radical formation due targé carrier injection and thus
causing a few weak regions to create. Accumuladfdoreakages originating from one
site during a period of AC voltage application d@nconsidered as void. This is the
stage of submicroscopic void formation. The siz¢hefse submicroscopic voids is of
the order of 10-1000 A° and is dependent on theipgolymeric structure. Then, in
these submicroscopic voids, the local electricaldfiintensity increases, therefore
causing more and successive bond breakdown, whithei stage of submicroscopic
void growth. Eventually, a number of these subnscopic voids coalesce into
macroscopic tree branches.

In order to model the process of micro-void formatand growth in the DPZ,
we can think of a micro-void of linear sizg in the direction of electric field confined
by an effective potential well depth,hs described in detail in [9]. The formation and
growth of such a micro-void requires the breakihghemical bonds which takes place
via a thermally activated process, with activaterergy Y. In a local electric field
energy is stored that reduces the initial energyidsaJ | by the amounttCom=E* here
E is the local electric field strength,is the dielectric permittivitysz is a numeric
constant,G¢ = nzE? represents the amount of electrostatic energyasetk when the
micro-void grows by a unit length and is called thiero-void extension force per unit
length; the parameter is a property of the material, which represents ahtivation
area in the direction of electric field, anG, means the volume activated by the local
electric field. A general dependence of the micoadvgrowth frequency K on local
electric field strength E and temperature T hasnbpeeviously determined by
computing the reactiozn rate constant for bond lateak as follow [9].

kT aCymsE-“—U
K= (h)exp (=5—2) @)
Where, k=1.3% 10~28JK™* and h=6.62& 10~3%J.s are the Boltzmann and Planck
constants, respectively.

The growth kinetic of an electrical tree structwwan now be described
guantitatively. On the average, a unit incremenhefelectrical treeing damage occurs
in a time interval, which is equal to the averageet between two consecutive
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increments of tree extension. Assuming thaid\the number of growing micro-voids
necessary to allow a branch of lengthta form, and all growing micro-voids in the
DPZ have the same growth frequency K determineidpy2. We can calculate the rate
of formation of new branches from the micro-voidnfation and growth as K{NIn
order to formulate an expression for the rate e tstructure growth from the micro-
void formation and growth in the DPZ, it is furthessumed that a tree structure will
propagate provided at least one new branch to tmeefb via coalescence of a number
of growing micro-voids. The rate of overall treeini@mage (dD/dt) can thus be
generally determined as:

E:T[: - m_[i = (ILTT) -EXP (%) 3)

For the simplest case, i.e.,® in Equ. 3, which means that a tree propagates
after one growing micro-void in the DPZ is absorlfed the formation of a new
branch. Obviously, the electrical treeing damag#wgion law depends not only on the
specific physical mechanism of the formation andwgh of micro-voids; also, by
substituting Eq. 1 |nto Eqg. 3, an electrical treevgh rate equation will be as follows:

dL _ dL dp kTE] LO-d9 gxp (ucunzgﬂ_uu)

dt |:|D |:|t " h Ny df (4)
By integrating Eq. 4, to establish the electricaétgrowth law as:
1;
_ kT aComeEZ-Ugy ) ‘df 1}-‘dl
L=1, {hmhexll ( kT )} t (5)

The time of tree growth to failurg, tassuming initial tree length,£0 to a
critical tre:la length L, i.e.
_ (Le\"T hNg U -l gmeE>
%= (Lh) kT Exp( kT ) (6)
The local electric field strength in the pin-plasemple can be approximately

calculated by:
2V

T rn(1+78) (7)
Where: V is the applied voltage across the samplis, the pin-tip-plane

separation, T=300K and approximately.=2 = 10~ m, i.e. the pin-tip-plane
separation being taken as the critical tree lenfgih breakdownr = 107% m,
R =2 x 1072 m. Noting that,
dic = dg + (8)
Where, f is volume fraction of the nanofillery. ds the fractal dimension of the
composite, and;ds the fractal dimension of polymer.

3. SELECTED INDUSTRIAL MATERIALS

3.1 Nanoparticles

= Clay mineral used in the polymer industry is kaitdinKaolinite is the main
constituent of filler clays, significant quantitie$ other minerals can often be
present. The particle shape is the most importaatacteristic of kaolinite for
polymer applications. The platy nature means that fillers have a greater
effect on properties such as viscosity, stiffness$ strength, using clay as nano
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filler gives high levels of flame retardancy to flw®duced composite, and it's
selected in this study. Cost less of Clay catalygsbe the best filler among
nano-fillers industrial materials.

Silica: The chemical compound silicon dioxide, alsmwn as silica nano-
silica with typical particle size of 10~50nm is wlgl used as fillers to improve
the mechanical and thermal properties of polymers.

Zinc Oxide (ZnO) is a popular cross-linker for rebland for various resins, it
is also used as an UV stabilizer, and it has divelg high refractive index
which makes it an efficient white pigment.

Aluminum oxide&Al,03) is used for its hardness and strength. It is widekd
as a coarse or fine abrasive, including as a mesh éxpensive substitute for
industrial diamond.

3.2 Industrial Polymers

CT200 Epoxy Resin, Epoxy based insulation is widesed in electrical
engineering e.g. for transformers, rotating machinbushings or cable
terminations. It has excellent dielectric and meaote properties, chemical
stability and can be shaped into any form necessary

Araldite LY5052 and an amine Hardener HY5052: ingists of an epoxy resin
Araldite LY5052 and an amine Hardener. The LY/HG8@poxy resin is one
of the most important hard cast-types of resins leyegl in high voltage
insulation technology. Input Data of industrial eddls which are used in this
research has depicted in Table (1). Also, it isuad that, table 2 which shows
the relative permittivity’s of the neat CT200 epo®gin and its nanocomposite
materials of neat CT200 epoxy resin with 5% voldraetion.

Table 1. Input Data of Suggested Industrial Materials

Industrial Materials Input Data

CT200 Epoxy Resin

£,=0.56< 107 ¥ m?, U, = 1.382 % 10+ J,
L, = 107°m, e=5x8.85< 107" fm™*, d=1.35

0c,=0.71¢ 107¥ m?, U, = 1.387 % 107+ J,
L,=10"°m,
£ =5x8.85% 10~ Fm~*, ¢=1.45

LY/HY 5052 Epoxy
Resin

Table 2. Dielectric Constants of CT200/ L Y/HY 5052 Epoxy Resin and

Their Nano-Composites

Industrial Materials Dielectric Constant
PURE CT200/ LY/HY5052 Epoxy Resin 5
5wt% + Clay / Epoxy Resin 4.24
5wt% + Silica / Epoxy Resin 4.4
5wt% + ZnO/ Epoxy Resin 4.22
5wt% + ALOs/ Epoxy Resin 5.29
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4. RESULTS AND DISCUSSION

4.1 Effect of Voltage on Life-Time of Nano-Composite Insulation Materials

4.1.1CT200 Epoxy Resin

Figure 2.a shows that the fractal dimension isuplo 1.5 for the mean value of 10
different results for various applied voltage, &nd obvious that.
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From Fig. 2.b it's obvious that the life-time chetexistics of CT200 epoxy
resin before and after adding 5wt% of nanoparti¢day, silica, ZnO and ADs)
which leads to increase the electrical treeing ttmdreakdown compared with the
neat CT200 epoxy resin insulation materials. Thprawement in electrical treeing
time to breakdown is backing to the effects of ridlecss (Clay, Silica, AJO; and
Zn0) due to changing the dielectric propertieshef hieat CT200 Epoxy Resin. Figures
3 (a, b, ¢, and d) show the life-time decrease®mamtially by increasing the applied
voltage at various amounts of nanoparticles (1n@ 2wt% of Clay, Silica, ZnO and
Al,O3) to CT200 epoxy resin. It is noticed that, the ioygment has increased with
increasing the percentages of nanoparticles (Chljca, ZnO and AIO;) but the
improvement in electrical treeing time to breakdas/being slightly whenever adding
Al,O; nanoparticles to the CT200 epoxy resin, this is ttukigh dielectric constant
value of the nanoparticles.

4.1.2 LY/HY5052 Epoxy Resin

Figure 4.a shows that the fractal dimension is ghdnfrom 1.3 up to 1.6 for 10
different values of applied voltages. Figure 4.loveh the life-time of LY/HY5052
epoxy resin nanocomposites which having 5wt% nantiopes of (Clay, Silica, AlO;
and ZnO). It is noticed that, the electrical tngetime to breakdown increases with
increasing applied voltage compared with the neétHlY5052 epoxy resin. High
improvement has been occurred by adding percentagesints of certain nanofillers
(Clay, Silica, and ZnO) to the LY/HY5052 epoxy rebiut, low improvement has been
occurred whenever adding the same percentages &l.0f; nanofillers to neat
LY/HY5052 epoxy resin, this is due to high dielectrconstant value of the
nanoparticles. Noting that, types and percentageaabfillers in epoxy eesin is the
main reasons for decreasing or increasing the ivgpnent life-time of the nano-
composite.
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c 16 £ e, Swt% clay+LY/HY 5052 Epoxy
% 1o % 5 | -‘§— « Swt¥% silica+LY/HY 5052 Epoxy
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a 1.4 3 6 \ ‘..
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1 T T T T T T T T T 1 \-. M T
"5____‘
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(a) Fractal dimension ofectrical tree growth (b) LY/HY 5052 epoxy resin nanocompos

Fig. (4). Effect of voltage on the life-time of udation, with LY/HY 5052 Epoxy
Resin
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Figures 5 (a, b, ¢, and d) show the life-time teadkdown for various
nanocomposites of LY/HY5052 epoxy resin that haeerbvarious percentages of
nanofilles (Clay, Silica, AD; and ZnO). It is cleared that the life-time to kaawn
decreases exponentially with increasing voltagepefcentages 1, 3 and 5wt%
respectively for all added nanofillers (Clay, SiliAlLOs; and ZnO) in the LY/HY 5052
epoxy resin. Life-time to breakdown (hours) is imoyed at high values by increasing
the percentages of clay, silica, and zinc oxideofibers respectively, while low
changes in life-time to breakdown (hours) has beecurred by adding aluminum
oxide nanopatrticles to the LY/HY5052 epoxy resin.
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Fig. (5) Effect of voltage on the life-time of LYNH5052 Epoxy Resin
nanocomposites

4.2 Effect of Time on the Tree Radial Extent in Nano-composite
Insulation Materials

4.2.1 CT200 Epoxy Resin

Figure. 6 illustrates that tree radial extent witme at 15kV by using various

nanocomposite materials which made by adding 5wt%amofillers (Clay, Silica,

ZnO, and AJos) to the CT200 epoxy resin. Tree radial extent een increased with

time at 15kV by using various nanocomposite materd CT200 epoxy resin with
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adding 5wt% of nanofillers (Clay, Silica, ZnO, aAtbOs). It has been noticed that the
tree length is decreasing by addition of 5wt% nantigles (Clay, Silica, ZnO, and
Al,O3) in CT200 epoxy resin. AD; nanoparticles have the lower effect on the tree
length than the other nanoparticles (Clay, Silsal ZnO).
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Fig. (6) Effect of time on the tree length, witletheat CT200 Epoxy Resin
nanocomposites

Figures 7 (a, b, c, and d) illustrate that the tesgth with time at 15kV for
CT200 epoxy resin added with 1, 3, and 5wt% nartmpes (Clay, Silica, ZnO and
Al,Os) respectively. It is noticed that the tree lengtith time decreases with
increasing the percentages of clay, silica, and axide clearly, but the characteristics
of tree length with time decreases slightly for @200 epoxy resin with various
percentages of ADs.
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4.2.2 LY/HY5052 Epoxy Resin

Figure 8 illustrates that tree radial extent witmet at 15kV by using various
nanocomposite materials which made by adding 5Swit%amofillers (Clay, Silica,
ZnO, and AJos) to the LY/HY5052epoxy resin.
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Fig. (9). Effect of time on the tree length in th¢/HY 5052 Epoxy Resin
nanocomposites

Tree radial extent has been increased with timé5&l/ by using various
nanocomposite materials of LY/HY508poxy resin with adding 5wt% of nanofillers
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(Clay, Silica, ZnO, and ADs), but it has been noticed that the tree lengtteigeasing
by addition of 5wt% nanoparticles (Clay, Silica, @nand A}Os) in LY/HY5052
epoxy resin. AlO; nanoparticles have the lower effect on the tragttethan the other
nanoparticles (Clay, Silica, and ZnO). Figures 9b(ac, and d) illustrate that the tree
length with time at 15kV for LY/HY5052Zpoxy resin added with 1, 3, and 5wt%
nanoparticles (Clay, Silica, ZnO and.Bk) respectively. It is noticed that the tree
length with time decreases with increasing the graBages of clay, silica, and zinc
oxide clearly, but the characteristics of tree tangith time decreases slightly for of
LY/HY5052 epoxy resin with various percentages ofGl

4.3 Effect of Fractal Dimension on Life-Time of Nano-Composite
Insulation Materials
4.3.1 CT200 Epoxy Resin

Figure 10 (a, b, c, d) presents the effect of &ladgimensions of electrical tree growth
which are dependent on the applied-voltage on uarn@mnocomposites (CT200 epoxy
resin with 1, 3, and 5wt% of Clay, Silica, ZnO afldO; respectively). It is noticed
that, there is high improvement in the electricaking time to breakdown compared
with the neat CT200 epoxy resin by using Clay, c8iliand ZnO nandfillers
respectively, but, there is a slight improvemenubing ALO; nanoparticles. Life-time
value at 14.5 kV is a focal value which dependstlo® behavior of the fractal
dimension in the insulation material and its effeoh electrical tree growth. Life-time
of CT200 epoxy resin is equal to zero at 20kV.
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Fig. (10) Effect of fractal dimension as functidrvoltage on the life-time of
insulation with CT200 Epoxy Resin
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4.3.2 LY/HY5052 Epoxy Resin

Figure 10 (a, b, c, d) presents the effect of &ladimensions of electrical tree growth
which are dependent on the applied-voltage on uaritanocomposites (LY/HY5052
epoxy resin with 1, 3, and 5wt% of Clay, Silica,&Zmand A}O; respectively). It is
noticed that, there is high improvement in the teleml treeing time to breakdown
compared with the neat LY/HY5052poxy resin by using Clay, Silica, and ZnO
nanofillers, but, there is a slight improvement kbiging ALO; nanoparticles
respectively. Life-time value at 13.5 kV is a fogalue which depends on the behavior
of the fractal dimension in the insulation matemad its effects on electrical tree
growth.
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Fig. (11) Effect of fractal dimension as functidnvoltage on the life-time of
insulation with LY/HY 5052 Epoxy Resin

Noting that, Figures (3, and 5) show the life-ticlearacteristics of CT200
epoxy resin before and after adding 5wt% of nartgpes (clay, silica, ZnO and
Al,Os) using mean fractal dimension of nanocompositd, Hare, Figures (10, 11)
presents the effect of fractal dimensions of eleaittree growth which are dependent
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on the applied-voltage on various hanocompositd20Q0 epoxy resin with 1, 3, and
5wt% of Clay, Silica, ZnO and AD; respectively).

4.4 Effect of Filler Volume Fraction on Life-Time of Nano-
Composite Insulation Materials
Figures 12 (a, and b) show the characteristiceefime of insulation with increasing
percentages of nanofillers “volume fraction”. Itshbeen cleared that life-time of
insulation increases with increasing percentageclafy, silica, zinc oxide and
aluminum oxide nanoparticles in CT 200 epoxy resM/HY5052 epoxy resin. With
respect to the effect of Figures 12 (a, and b3, deared that Clay, ZnO, and Silica are
the best nanofillers for enhancing the electricz time to breakdown.
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Fig. (12) Effect of volume fraction on the life-tenof Epoxy Resin types

4.5 Effect of Filler Volume Fraction on Fractal Dimension of
Insulation Materials

Effect of filler volume fraction on fractal dimewsi with the content of the modified

particles in the 0-5wt% range as shows Fig. 13 fféetal dimension increases as the

filler volume fraction increases when addition t#y¢ silica, zinc oxide and aluminum

oxide particles in CT 200 epoxy resin, LY/HY5052gp resin.
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Fig. (13) Effect of filler volume fraction on fradtdimension with the fractal
dimension of Epoxy materials
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5. CONCLUSIONS

Adding nano-fillers of Clay, ZnO, and Silica intoT200 Epoxy Resin,
LY/HY5052 Epoxy Resin have been induced high improent in the life-
time of insulation, the tree growth rate of eladtitree propagation, resistance
to electrical tree growth and time to breakdown &l to increase both
fractal dimension and total time of electrical tgrewth to failure.

Adding Al,O; nanoparticles have a slightly improvement in tife-time of
insulation and the tree growth rate of electrica¢tpropagation.

Filler volume fraction increases directly the fielalimension of Epoxy Resin
insulation materials
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