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Abstract—This paper presents an investigation on the cturaed breakdown voltage measurements in
thermoset-thermoplastic blends based on an epoxyedpoly-etherimide phase separated material. Thseta
thermoplastic separated blends could be a noveérmabtfor insulation applications and can be coredato
epoxy/inorganic composites systems. Pure epoxyarktas well as the blends with 10 wt% of PEI werteled in
terms of conduction and transient currents. An ehb@havior below the threshold field{Eand space-charge-
limited conduction (SCLC) aboveyfre pointed out. Contact emission phenomenon weesiigated by means of
Schottky model and seems to be valid for both n@serThe addition of 5 and 10 wt% of PEI into theoxy
system showed an increase in the values of breakdoltage with the increase of the PEI amount.

Keywords: Epoxy; organic-organic blend; insulating material, electrical properties

l. Introduction
Epoxy resin is a common electrical insulating patymwhich is used in high voltage resin casted
transformers, cable terminations and other acciessfit]-[4]. Epoxy composites and epoxy-thermojtabtends
are two types of material combination made of oiganinorganic and organic — organic mixture, respely,
where the epoxy is the major organic matrix in bsitbations. Both kinds of materials differ in theomposition
and thus in their characteristics and applicati@moxy/filler composites are extensively investéghto observe the
influence of the fillers on different propertiestbe epoxy network and precisely the thermal ardtgtal ones [5]-
[8]. The studies can be classified depending onsike of the filler used, being micro-sized, naired or a
combination of both micro and nano-sized fillersorgover, polymer blends and especially epoxy/th@tastic
blends are also extensively studied to show thkiénte of incorporating a thermoplastic on the raedal,

thermal and solvent resistance properties of tleepetwork [9]- [12].

Epoxy/inorganic composites, with nano and micredgifillers, have shown mechanical and thermal impnzent
and have gained more attention in many applicatidie addition of these kinds of fillers in the rfarlation

improves for example fire resistance [5],[7],[13%]. Khan et al. showed how the mechanical progertf an
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epoxy matrix can be improved with the incorporatafrceramic nanoparticles [15]. During the lastatbx, some
extensive researches were performed to improvdrétoture toughness of epoxies with the additiorinofganic
fillers, showing an increase in the tensile andngpsi modulus and the glass transition temperafa6dg18].

Electrical properties were more specifically invgasted in epoxy composites. Breakdown voltage tests
were performed and presented a decrease in thesvalith the increase of the percentage of micrtigées as
shown in several studies [19]-[21]. In general, itheorporation of micro-fillers into an epoxy nettkdeads to a
decrease of the breakdown voltage value with reégpgoure epoxy and to an increase of the diekeg@irmittivity
values. These micro-composites are good candidateaechanical achievements as well as for theerahange
purpose. However; they are not suitable to enhaheedielectric strength of an epoxy network needed

insulations in the high voltage industry.

Over the last decade, the interest in the use mbs&zed fillers as additives to polymer mater{@ianocomposites)
and specifically in epoxy based materials has amed. An essential criterion in the preparationhif type of
material is the dispersion quality of the nanof@lin the epoxy network. Many families of nanofilevere studied,
such as silica, alumina, titania, zinc-oxide, barinitrate, barium titanate and many more used fierdint nano
sizes with or without surface modification. On dmend, some researchers reported an increase dfeh&down
values below small critical percentages [6], [226]] On the other hand, different studies usingfednt
percentages and different nanoparticles sizes shewdecrease in the dielectric breakdown of namoposites in
comparison with the neat epoxy network even atweight fraction. In such cases, the explanatiorvipged is the
lack ofadhesiorat the interface between the epoxy network andiltees [21],[26]-[28].

Conflicting results on the performance of nanocositedfillers have been reported and the underlyimghanisms
are not sufficiently understood. Several factors tderfere with the incorporation of nanoparticlasthe epoxy
network on its electrical properties. In order morease the breakdown voltage value or decreaspettmaittivity
values, the nanoparticles should be relatively brsal50 nm) and should be functionalized to conttioé
filler/epoxy matrix interface. Otherwise the filtewill act as defects. Adequate surface modificatd the fillers
improves the interface between the nanoparticldstla® epoxy matrix and their dispersion avoidingragation or
voids formation. Last but not least the conteninahoparticles should not exceed a critical smalttion value

above which aggregates can be formed.

In this present work, the studied material is armiwset/thermoplastic blend having a phase separatio
phenomenon. This kind of blend is different frone tBpoxy/inorganic composites as the obtained nedaie
formed from an organic material. Some of thermdsetmoplastic blends are known to enhance the nmécdia
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properties of the thermoset network [29],[30]. Thermoplastic nodules act as obstacles absorbegritpagation
of cracks and thus increasing the mechanical dtneoigthe blend. From this particular point, anadeas built to
study the influence of the phase-separated noduldke voltage breakdown, the underlying assumgiiing that
the propagation of cracks from mechanical excitatitay have similar mechanism as electrical breakddmdeed,
the different stages of electrical ageing of saisllation according to the well-accepted modehinithe dielectric
community contain mechanical processes [31],[3BE €lectromechanical properties are involved atbegageing
process and control, partly or totally, the initethges with nano-voids formation as well as timalfistage of
electrical treeing propagation. The thermal, meafsn and dielectric properties of the proposed
epoxy/thermoplastic blend were demonstrated iregipus study [33]. Current measurements as wdireakdown

voltage measurements are presented in this work.

Il. Experimental
II.1. Materials
The epoxy prepolymer used was Diglycidyl ether @fphenol A, liquid at room temperaturBGEBA ;- 15
(Araldite LY556 from Huntsman). The curing agent swan aromatic diamine, 4,4’-methylenebis-[2,6-
diethylaniline], M-DEA supplied by Lonzacure™. Tldéamine was added in the stoichiometric ratio, gptix
amine hydrogen groups equal to 1, in pure and nsatihixtures. The thermoplastic used was Polyethidg, PEI
Ultem 1010, supplied by General electric. The prapan protocol of the pure epoxy network as wslitlae blend

of epoxy and PEI is explained in a previous wor¥][3

For the designation of the systems, the term DMesmonds to the epoxy-amine (DGEBA-MDEA) systemhuiitt
thermoplastic, which is also called neat networld ®M5PEI and DM10PEI denotes the system DGEBA-MDEA

modified with 5 wt.% and 10 wt.% of PEI respectiel

II.2. Techniques

[1.2.1. Current measurements
Samples were processed in disk form of 6 cm dianaeté of thickness between 0.5 and 1 mm. Gold reldet of 4
cm in diameter were deposited using a cool spatiater model SCD 005 from BAL-TEC. An elastomer \ead
out at the periphery of the gold electrodes togase the path between the electrodes (high vadtadegyround) and
mitigate the influence of the edge of the metali@awhere the electric field is out of control. &bxternal current

was recorded by means of a Keithley 6512 ammetefinitnary measurement with elastomer and a gulectrede



carried out under high vacuum (<1@Pa) to eliminate spurious currents such as patimiharges and leakage
current at the surface of the sample was perforiRedults obtained under vacuum or not are the $antbe range
of voltage investigated (up to 20 kV DC).

Each DC electric field step was applied to the danipr 1 hour before the film was put under shortiat
conditions for the same duration at room tempeeaf@i. °C). The same polarization and depolarizgi@tedure
was repeated for increasing values of the applield {1.6, 5, 8.3, 11.6, 16.6 and 25 kV.MnThe current was

measured continuously along the whole stress dyd&eps of 2s.

[1.2.2. Breakdown Voltage measurements
Breakdown strength of the samples was measuregtlyiag a linearly increasing DC voltage (2 kV/9 till the
breakdown takes place. The sample of 6 cm dianadra thickness between 30t and 700 um is placed
between two steel spherical electrodes 18mm in ei@mThe whole assembly is immersed in insulagifigon oil

to avoid discharges.

[1.2.3. Microstructure analysis
Transmission Electron Microscopy (TEM) analysis waerformed on Philips CM120 transmission electron
microscope (at the Centre Technologique des Miarogires CTu of the University of Lyon) with an atarating
voltage of 80 kV. Epoxy samples were trimmed usangultra-microtome and the slices (60-70 nm inkihéss)

were placed onto 300 mesh copper grids for obseruat

Atomic Force Microscopy (AFM) images were collectedtapping mode using an AFM Bruker Multimode 8
equipped with Nanoscope V controller. The scansipged for image acquisition was 0.5 Hz. The usetllegers
are Bruker TAP 150A with a radius of curvature o tip of 8 nm. Samples used for analysis werentgah using

an ultra-microtome to obtain a smooth surface.

. Results and Discussions

llI.1. Transient Currents
The recorded current, under 5 kV voltage represgri field of 8.3 kV/mm, with respect to time iepented in
Figure 1. The polarization currentfbllows a transient regime and then stabilizebath DM and DM10PEI. The
guasi-steady-state charging current obtained afies taken as the conduction currentThe difference between
the charging current and the conduction curremthésabsorption current.ICurrent values were influenced by the
presence of PEI in the epoxy network showing higledues for DM10PEI compared to the pure DM sample.

Similar features were observed upon applying dffiervoltages starting from 1 up to 15 kV.
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Figure 1: Polarization current curves at 5 kV for DM and DM10PEI

Figure 2 presents a comparison between the abmorparrents and the depolarization currents ohloM and
DM10PEI. The results are shown for a voltage of 58imilar responses were obtained with all theegkgtlectric
fields that is to say the absorption and the dejmalfion currents followed the same evolution wiéspect to time
and under the same applied electric field. The tiegalope of the absorption and discharging cusréor DM was
measured between 10 s to 700 s and found to havsatine value of 0.68. DM10PEI showed similar rebiity,
with a slope of 0.65, for the two responses betwHgis and 600 s above which the absorption respstases to
decay. This reversibility shows that the polari@atiphenomenon in this case is dominated by thelatipo

movements and is not affected by space charge pieme[34].
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Figure 2: Absorption and depolarization currents urder 5 kV for a) DM and b) DM10PEI

The measured currents show obvious dependencetimi¢h(t) and applied electric field (E). The traersi current

has been observed to decay following the well-kn@urnie law [34]:



I(t) =k.E.t™ Eqg. 1

where k is a constant that depends on temperataren @ dependent of the material and can be aiddiom the
slope between | and E in isochronal plot. The ddpeoe of isochronal current with respect to appdikedtric field

at different times is shown in Figure 3 and theaot®td slopes are extracted in Table 1.
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Figure 3: Isochronal currents obtained from depolaization current

Table 1:0btained slopes of I-E curves from isochronal plots

Time (s) 10 100 1000
DM 1.1 1.19 1.1
DMZ1OPEI 0.93 0.87 0.9

The plots of the isochronal discharging currentd@t100 and 1000 attest the proportionality of discharging
currents to the applied field. The slope variesldss than 9% and 6% respectively for DM and DM10Rith
respect to time. The slopes are in the same rdoggeg slightly higher for the pure resin. The obéal slopes for
DM can be referred to electrode polarization, dipabrientation, tunneling and hopping effect [38]ith the
addition of PEI the slopes decrease below 1 sumgetite same phenomena as DM. On the other haritlei@in
et al. suggested in a similar studied material thatdecrease of the slope below 1 presents chgegion leading
to trapped space charge effects [34], [36],[37]s this phenomenon was not demonstrated in the gibilay

curves, space charge measurements should be egpégiirto prove it.

[11.2. Conduction currents
An estimation of the conduction current for eacplig voltage was carried out from the averagehef ¢urrent
measured within the last 20s in the quasi-steaalg-sCurrent densities J (Afjrat room temperature are plotted in
log-log scale as function of the applied electigddf E (kV/mm) for DM and DM10OPEI in Figure 4. Tlwo curves

present two different conduction modes separated Hyeshold field | Below this threshold, both pure epoxy
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DM and DM10PEI have a linear relation between J Brwidth a unit slope corresponding to the Ohmicdranion
phenomenon. The threshold field for the blend @&/#&nm) was lower than that of DM (12.5 kV/mm) byaal 25
%. The presence of PEI might reduce the voltaggeaf the ohmic regime. This decrease in the tldsield can

be an advantage in some applications such as tr@ngpoxy for cable junction.

Electric Field (kV/mm)

10° 10' 10°
1E-6 — — - , ,
Slope =2
1E-7 4
NéE E,,, DM10PEI
- Slope = 1
1E-8 4
DM
4 DM10PEI
1E-9 . et . —————r—
10° 10" 10°

Electric Field (V/m)
Figure 4: Conduction current density versus appliecelectric field

Above the threshold field, a non-linearity in thenduction current appears for both samples withopesof 2.
Similar phenomenon for pure epoxy network with aidride hardener was obtained with a higher thresfield of
17 kV.mni* [36]. The type of hardener has an impact on theixnstructure and the cross-linking ratio and hist

way on the motion of the charge carriers.

The conduction phenomenon is dependent on the ehajgction behavior as well as the volume condurncti
behavior. In the following part, both behaviorsiwi discussed, exploring the Poole-Frenkel meaasind space-
charge-limited conduction (SCLC) model for the wvokiconduction phenomenon and the Fowler-Nordhefettef

and the Schottky effect to deduce the charge iojechechanism.

[11.3. Analysis of conduction process

[11.3.1. Volume-limited conduction
[11.3.1.1 Poole-Frenkel mechanism
In the Poole-Frenkel mechanism, electrons are &@pp localized states where upon applying eith#ficient
temperature or high voltage they move to the cotidindand and freely in the material. The conduttiin such

case obeys the following equation:
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o= 0, exp( e

Eqg. 2

where k is the Boltzmann's constant, T the temperatureaathe Poole-Frenkel constant [38]. This latlepends

on the relative permittivity of the material andidavs this law:

1/2

.BPF=( < ) Eqg. 3

MEYEY

where q is the elementary chargg,the vacuum permittivityg, the relative permittivity of the tested material.
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Figure 5: In (conductivity) versusVE at room temperature: with o ( S/cm).

Poole Frenkel conduction phenomenon was checkepldiiing In o versusvE as shown in Figure 5. To fit this
law, from Eq. 2 and Figure Bggis calculated from the value of the slopedksT). Its value is equal th.2 x 10°*
and 2.6 x 16* J.mY2v"¥? for DM and DM10PEI respectively. Calculatirfpr theoretically from Eq. 3, the
obtained values are 5.33 x ¥0and 5.58 x 18* J.m*2v-*?for DM and DM10PEI respectively. The values were
obtained using the relative permittivity taken frahe dielectric measurements at 25 °C and 1 MHz[fd ¢, =
5.17 and for DM10PE4, = 4.73) [33]. The gap between experimental valuBspand the calculated one varies by
50-70%. Thus the conductivity seems not controbgdhe Poole-Frenkel law. A similar conclusion waached
when pure epoxy network was measured below itsdtamsition temperature [39]. This law was onlyfaoned

when the temperature was above the glass transitioperature of epoxy [36].

[11.3.1.2 Space-charge-limited conduction model (SCLC)
Above the threshold field, a non-linearity in thenduction current appears for both samples withopesof 2.
When the slope is equal to 2 the volume condugiltanomenon fits well with the space-charge-limitedduction

model (SCLC). The current density (J) in this dasgescribed by [40]:
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J=—s Eq. 4

whereyp is the carrier mobility and d is the thicknesstaf sample.

From the dielectric measurements it was noticed bedow 0.1 Hz, no modification of the permittivityas
measured, and it was supposed to be under DC am{®3]. The carrier mobilityw at 10 kV (field of 16kV/mm)
is 8.1 x 10°and 2 x 10 cn? V's* for DM and DM10PEI respectively. The differenceniobility between the two
systems is not significant. These values are insdmae range of what is found in the literature gare epoxy
networks in this field range such as 2.3 X46n? V's* [36], 1.5 x 10" cn? V''s? [41] and between 1band 10'°

Vvist[42].

[11.3.2. Injection-controlled current
The conduction currents could be controlled byittierface present between the electrode and thelsany the
Fowler-Nordheim effect (electron tunneling throush exact or rounded triangular barrier) or the 8klhajump

above the potential barrier). The latter appeaneig@ly at high fields or very low temperatures.

I11.3.2.1. Fowler-Nordheim
Fowler-Nordheim model adopts the injection of alees at the metal-dielectric interface [43]. ltvisrified by
presenting InE]—2 in function of% as shown in Figure 6. This representation didshoiw a straight line in both pure
epoxy and the blend. Therefore the Fowler-Nordhisimot applicable in the studied case. This ispeeted fact

since Fowler-Nordheim process requires higher etedields. The injection by tunneling effect thigiu the

potential barrier is to be discarded.
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Figure 6: Representation of conduction data in a Reler-Nordheim plot



111.3.2.2. Schottky effect

The current density emitted due to Schottky eféeat be described as:

‘Do—ﬁs\/fc) Eq. 5

— 2 _
Js = AsT?exp (=02

where, A is the Richardson-Dushman constant for thermi@miission and Ethe field at the cathodé, is the

Schottky constant:

3

Bs = ! Eg. 6

4T EYEY

A plot of In(3) versus,/E.. is presented in Figure 7.
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Figure 7: J versus,/E for Schottky

From the obtained slope we can calculate the velgermittivity and compare it with the obtainedues from the

dielectric measurements using the following equmtio

B _ 1 /_q3
slope = kgT _ kpT A 4meger Eq. 7

The obtained values aof are 3.37 and 2.1 for DM and DM10PEI respectivelfpich are different from the
measured values. It can be argued that the eldigtidcat the cathode is not the average field asight be modified
by trapped space charges. To account of spaceehkfigrts, one can consider that there is a distodf field by

introducing a dimensionless alpha parameter:

vV
Ec=a> Eq. 8

with a <1 for a homocharges dominant at contact @amd. if heterocharges dominate. The field at thdadé¢ is
decreased with the existence of homocharges whike increased if the heterocharges accumulatee dosthe

electrode. The expression of the Schottky currenbimes:
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The parametest can now be calculated from the slope obtainedguisie following equation:

(slope)?(kgT)?4me, s,
a = q3
Current densities of both DM and DM10PEI are prtipaal tovE with slopes in the same range. The calculated

Eqg. 10

values ofa are 1.53 and 2.25 for DM and DM10PEI respectivély.the values oft are higher than 1 this would
imply that the heterocharges near the cathodeaseréhe local field and tend to decrease the ertmgyer at the
electrode-polymer interface. With the addition &lRhe injection field at the cathode is increagedomparison
with the neat epoxy. Our value affor the neat epoxy is less than the one reponjed ] evaluated at 2.55. The
Schottky emission process cannot be discardedisnagmproach where the value efwould increase with the
addition of PEI to the pure epoxy network. Howetke estimation is dependent on the material inamirwith the
electrode. It may be possible that an epoxy lagepiesent at the surface of films, hence the pgwitytto be

considered for the interface may not be the aveoagefor the polymer blend.

lll.4. Breakdown Voltage
Breakdown voltage provides the probable maximuniaga that a material can withstand before breakimgn.
For mechanical applications, it was found thatadtrction of PEI nodules in the epoxy enhances titlestanding
of the epoxy. For example, nodules can attenuatehamécal cracks propagation [29]. Starting fronstidea of
having nodules of PEI, and hypothesizing that #tiscturation could enhance dielectric strengttwal, blends
were made using to 5 wt% and 10 wt% of PEI for Whatructures with nodules were made. Figure 8 gares
example for the microstructure of DM5PEI, notingttimore complete characterization was presentedqusy
[33]. Besides, PEI has lower relative dielectritues that decreased the permittivity of the blerith wespect to that

of pure epoxy DM [33].

[11.4.1. Morphology
The structure analysis of the epoxy blends wasopmed using transmission electron microscopy (TEWY
Atomic Force Microscopy (AFM). In the TEM image DM5PEI, Figure 8 (a), the dark part correspondsh&PEI
nodules and the bright and continuous phase camelspto the epoxy network. Figure 8 (a) confirmzlatively
homogeneous distribution of the PEI nodules ingpexy network in the blend. The nodules have apselishape

in the blend, with the main diameter between ®5.um. The AFM image, Figure 8 (b), of a single redionfirms
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what is observed by means of TEM. An isolated Riglute in a DM10PEI sample is shown. It has a mdjameter

of 1.8 um and a minor diameter of 1.2 pum.

a) = L4 3 ."" . b) 151 im
[ o v A ..
- -
; e O

o Heght ZSpm

Figure 8: a) TEM image of DM5PEI and b) AFM image é DM10PEI
[11.4.2. Weibull Distribution Plot
The Weibull distribution is the most common failudéstribution for electrical breakdown [44]. Thelwas of
breakdown voltage were analyzed using the two-patanWeibull statistical function. Measurements evearried
out on a minimum of 10 samples for each system. pax@meterst andf can be extracted from the Weibull

distribution formula:

FX)=1—exp[-0d) P, x>0 Eq. 11
where x is the measured breakdown voltage, F(#)dscumulative probabilityy is the scale parameter afidhe
shape parameter. In the represented graphs, therievgmtal values are plotted with different peregeis using
Weibull formula, where all the points are situatedn interval of 95 % of confidence.andp can be deduced from
the slope of the probability of breakdown line, wheis the breakdown voltage value at 63.2 % of thdoalpdity
distribution. Weibull distribution plots of DM, PEDM5PEI and DM10OPEI are presented in Figure 9 #red

corresponding parameters are collecte@idhle 2.
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Figure 9: Weibull distribution plot (95 % confidence interval) for DM, PEI, DM5PEI and DM10PEI

Table 2: Scale and shape parameter from Weibull distribution

Scale parameter:a % with respect to DM
Sample Shape parameter:p
(kV/mm)
DM 7.6 195
PEI 10 412
DM5PEI 8.6 222 2 14%
DM10PEI 8.3 244 225%

The scale parameter for DM is equal to 195 kV.mih this value for a DC test is higher than the migjoof
breakdown tests on different systems of epoxy arddners. The published values for pure epoxy néswveary
from 40 to 100 kV.mdl [6], [21], [24], [27],[28],[45] Nevertheless, we V& to mention that the common used
technique for such characterization is an AC breakdtest, where the values are expected to be lowerto
fatigue and energy dissipation. AC breakdown teglisbe examined in a future work. PEI demonstrageligher
breakdown voltage of 412 kV/mm. Blending epoxy with 5 wt% of PEI Hasreased the breakdown voltage of the
epoxy system by 14 % while when increasing thetifsacof PEI to 10 wt% a gain of 25 % in dielectsitength is
possible. The results obtained with the incorporatif nodules confirm the idea of resistance toronaracks that
tend to propagate during a breakdown process. gites the whole system the ability to withstandhieigapplied

fields.
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Figure 10 shows SEM images of the void tunnel fatrimethe bulk of the sample due to the electricalbkdown
test. The samples are seen from the face and fross section after breaking the sample in the reiddithe hole
present after the test. The hole has a circulgvesiagth a diameter in the range 430 to 460 pm.Hdie is narrower
in the bulk as seen in Figure 10 (b). The sizéhefgroduced hole after the breakdown test is sirtoléhat reported
in other studies, such as the work of lyer et al.epoxy/inorganic micro-composites [6]. In the sghsphere
configuration, a quasi-homogeneous field existhatlectrode-dielectric interfaces. The damagddcius equally
initiate anywhere within the structure, and shdutthce first take place in the vicinity of major elehk. As a result,
it is not possible in this electrode configuratitm identify a unique starting point and an end he tlamage

propagation.

Matalkzation

L -» Observation

Figure 10: SEM images of the breakdown channel in M10PEI sample a) face view and b) side view aftereaking the sample as
illustrated in the schemas

V. Discussion

The results obtained can be summed-up as follows.blends are constituted of an epoxy matrix wih Rodules
of about 1um side dispersed relatively homogenoiastile matrix. A significant increase of the bréawn field is
obtained when incorporating 5 wt. % (+14%) or 10 %t(+25%) of PEI nodules. It must be noted heas timlike
what can be observed when dispersing nanopartities polymeric matrix, there is no ‘optimum' centration of
the compound at low concentration. This is probalig to the good quality of the dispersion obtaiinetthe current
blend, ensured by the separation via a spinodabrdposition mechanism contrary to a nucleation aravth
mechanism, compared to the difficulty in maintagnithe quality of dispersion of nanoparticles at hhig

concentration.

The increase in the breakdown strength has to benpelation with values of relatively permittiyifor the epoxy
(6.4) and of 10 wt. % blend (5.8) at 0.1 Hz anchwaibnductivity: conductivity is higher in PEI-coirtang samples.

Anticipating that the permittivity in PEI is lowéhan that of epoxy, and that the conductivity inl BEin similar
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range as epoxy [46], these features would leadidlnl fintensification in PElI under AC stress (capgei
distribution). As for under DC measurements (regsdistribution), space charge measurements islatbdo
provide more explanation. However, internal inteefa in the matrix may provide a more complex bedrathan
expected. The last information brought by the tssigl on the possible transport mechanism: congiuatiould be
controlled by SCLC process or by Schottky law sgipgp that substantial field intensification occuats the
electrodes. So far, to our knowledge, there isemort on space charge measurements in epoxies deatorg
huge heterocharge accumulation. Therefore the S@kChanism is privileged. It must be stressed Heae3ICLC
in its strict formulation including ohmic contaatdaunipolar transport is probably not at play «ithe fact most of
models combining current limitation at the intedaand transport with trapping tend to show a noedr behavior

in a given field range.

Extrapolating transport properties obtained atfelip to 25kV/mm up to the breakdown field rangectvlis one
order of magnitude higher is questionable. Howetteg, possible reason for the improvement in thekadewn
strength could be as follows. G Chen et al. [47dpposed a unified model of transport and breakdown i
polyethylene under DC stress supposing that acatifield exists as an intrinsic property of theteml, of the
order of 400kV/mm for PE. If the field exceeds libg#his critical value, the breakdown occurs. Spabarge build
up can be an influential factor in reaching theical field. So, for the present studied case,dtitcal field would

be related to the epoxy matrix, since accordingremkdown strength results, it represents a pifieriveak point in
the composite. The higher conductivity obtainedhia blend could attenuate space charge build dpeirmaterial
and the field distortion that goes with it. As ansequence, the material could withstand highed fi€his is one
view of the breakdown mechanism. An alternativelaxation would be the role of nodules as barriemioro-

cracks where they can improve electrical treeisistance as well.

Previous works on incorporation of nano and/or miciorganic-fillers to the epoxy network has shoglobally a
decrease in the breakdown voltage value. Thesdilhad higher electrical conductivity and perwitli values
with respect to the pure epoxy matrix and thusdete defects in the material favoring the breakdawiower
voltages [6],[19],[20],[48]. In our studied blendse PEI nodules have similar electrical conduttivalues as well
as lower permittivity where there was an enhanceritethe breakdown voltage of the blend with resgecthe
pure epoxy network. This increase in the value bandue to the form of the micro-nodules of PEI thed

distributed into the epoxy matrix as well.
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V. Conclusion

In this paper, electrical characterization of agamic-organic blend composed of epoxy with homogsho
distributed thermoplastic nodules is examined aoohgared to the pure epoxy system. All measuremeste
studied at room temperature. Current measuremesmsomistrated Ohmic conduction phenomenon below the
threshold field. Above the threshold field two pibss approaches were studied. It is suggestedtti@aturrent is
controlled by volume phenomena through SCLC apgro&chottky model was also investigated and coldd a
explain the features. Both materials DM and DM10RBERbwed contact emission phenomenon at the interfac
between the electrodes and the sample. Furtherestudust be considered for this kind of measuremetit
variation of temperatures and especially monitorthg distribution of the space charge inside thmpde.
Monitoring the space charge will also give a widision on the breakdown voltage mechanism thatshasvn an
increase in the strength with the increase of tt#% of PEI into the epoxy network. This enhancenigmarely seen
in literature especially with the incorporation micro-fillers as they act as defects. It can belarpd by two
different aspects. The first aspect is by takirtg itconsideration that the PEI nodules, homogenadistyibuted in
the epoxy network as seen by means of TEM, mighas®bstacles for the breakdown voltage of thadsdeThe
second aspect is by considering the fact that kedls have higher conductivity than the pure epaatyvork; this
leads to the possibility of the attenuation of thildup of space charge in the material and coreityugiving the
blend the ability to withstand higher applied feldhus further investigations precisely monitorihg distribution

of the space charge inside the sample are needmthiom these assumptions.
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Electrical characterization of an epoxy/thermoplastic blend is examined
Current is controlled by volume phenomena through SCLC approach
Epoxy and blends showed contact emission at the electrode/sample interface

Breakdown voltage increased with the increase of the percentage of thermoplastic



