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Space charge formation in a nano-composite thin film under dc stress at
various temperatures was observed using the pulsed e ectro-acoustic (PEA)
method. The Polyvinyl Chloride (PVC) /(Clay, Fumed Slica, and ZnO)
nano-composite materials, which are made of Polyvinyl Chloride (PVC)
mixed with each one of Clay, Fumed Slica, and ZnO nano-size filler, have
changed their electrical properties than that in pure Polyvinyl Chloride.
Therefore, the materiads are expected to be used with smaller thickness as
an insulator in the same dc applications. However, it is necessary to study
the space charge characteristics, therefore, we tried to investigate the space
charge formation in thin film of Polyvinyl Chloride (PVC) / (Clay, Fumed
Slica, and ZnO) nano-composite materials under dc electric field at various
concentrations of nanofillers and dc voltages using PEA system. From the
experimental results, it was found that the space charge formation was
strongly affected by the Clay, Fumed Slica, and ZnO contents in their hano-
composites.

KEYWORDS: Sace charge, Nano-composite, PEA system, Polymers,
Insulation, Nanoparticles

1. INTRODUCTION

Polyvinyl Chloride PVC is the most widely used ofyaof the thermoplasts,
polymerized vinyl chloride, and which is producewni ethylene and anhydrous
hydrochloric acid. PVC is stronger and more riglthrt other general purpose
thermoplastic materials like ac and dc cable irtguig, etc. It has a high tensile
strength and modulus of elasticity. Additives asedito further specific end uses, such
as thermal stabilizers, lubricity, impact modifieed pigmentation. In recent years
there has been a constant increase of interesissilpge applications of nanocomposite
materials in the field of polymeric insulation tectogy. The adoption of inorganic
additives (fillers) in a polymeric matrix, in ordés create a composite material is a
common technique. By reducing the filler's partidienensions to the nanometric
scale, it is possible to dramatically increase rthenber of interactions between the
organic (matrix) and the inorganic (filler) phasdthough the link between interface-
size effect and macroscopic performances is ndhlplainderstood, this fact can
originate smart properties in the material. In igatar it has been demonstrated that
the employment of organically modified layered csite (clays such as
montmorillonite, etc) as filler may increase therthal resistance, the mechanical
strength, the flame retardancy and the gas impdaititgg1-5], by using a filler rate
equal to 5% -10 typical of "conventional” nanofiie With rapid development of the
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world's major cities, the electric energy consumpis increasing annually. Due to this
demand, direct current transmission technology wieen reduce the costs and energy
losses has been a hot topic in the electrical eeging domain. The high voltage DC
plastic insulated cable has gradually replacecader insulated DC cables for the
advantage of relatively small volume, great tramssion capacity and no maintenance.
Polyvinyl Chloride PVC is widely used as an insimgtmaterial for power cables due
to its excellent mechanical, thermal and dielecpioperties. However, the non-
homogenous distribution of space charge in the ecafdulation may distort the
distribution of electric field which will reduce éldielectric strength and accelerate the
deterioration of the insulation. Especially wher tholtage is switched off or the
polarity is reversed, this phenomenon becomes oparent [6-11]. Up to now there
are many papers reporting dielectric propertiepadymeric nanocomposite, of which
space charge distribution is investigated in detér example, space charge at various
electric stresses, its inception field and etc.c&imost of engineering dielectric
concerning to various electrode materials, it @vitable to considering whether space
charge distribution in polymer nanocomposite issg@efe to electrode materials. It
stimulates us to fall in step with space chargeradtarization in the convention
dielectric materials. With the pulsed electro-atisusiethod (PEA), space charge in a
nanocomposite was investigated with different metattrode pairs, as well as space
charge. However, the suppression mechanism of sprarge accumulation by adding
nano-fillers to polymers under high electric fieldhigh temperature has not been clear
yet. Therefore, it has been proposed a chargeitrggifect of induced potential well
at interface between polymer and nano-fillers baeeddifference between their
permittivities [12-16]. However, there are few pegpeoncerning the effect of types of
nanofilers on space charge distribution in polym@anocomposite. With a continual
progress in polymer nanocomposites, this reseaeglicts the effects of types and
concentration of nanoparticles in new nanocomposdestrial polymer material. All
experimental results have been investigated ancusied to detect all effects of
nanofillers on Space Charge Dynamics in PVC/(Clyned Silica, and ZnO) nano-
composite materials under DC Stress.

2. EXPERIMENTAL SETUP

Acoustic wave propagation in the thick samples igniicantly attenuated and
dispersed due to the loss and dispersive propesfighe polymer and principle of
space charge measurement using the PEA techniche. specifications of each
module in PEA system is being as follows: The ¢ssilope (LECROY, LC334AM,
500MHz), impulse generator (TECHMP, 10nsec), VHEedi attenuator (30W, 50
40dB) and stabilised voltage supply (Type L30). BMleaments are performed in
silicon oil to avoid partial discharges, and to fkete temperature constant. The
applied voltage was monitored simultaneously bygisi resistance voltage divider. In
order to observe the effect of pre-stressing onuis® breakdown, it existed that an
impulse generator, and a coupling capacitor (2080 Bigure (1) shows Life photo
and Schematic diagram of the PEA system which usetkasuring.
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Fig. 1.a. Life photo for experimental PEA Fig. 1.b. Schematic diagram of PEA
system testing equipment’s system equipment’s

Fig. 1. PEA system testing equipment’s

3. MATERIAL PREPARATION AND CHARACTERIZATION

The industrial materials studied here is PolyviGhloride, has been formulated
utilizing nano particulates of clay. The base df these polymer materials is a
commercially available material already in usehe tmanufacturing of high-voltage
(HV) industrial products and their properties detiin table (1). Additives of clay,

ZnO and fumed silica nanoparticles to the basesini@dl polymers has been fabricated
by using mixing, ultrasonic, and heating processedNano-technology Research
Centre, Aswan — Egypt as shown in Figure (2).

Table (1) Dielectric Properties of Pure and Nano-composite M aterials

Materials Dielectric Resistivity
Constant at 1kHz (Q.m)

PURE PVC 3.3 16

PVC + 5%wt Clay 3.04 1610
PVC +10%wt Clay 2.85 610"
PVC + 5%wt Fumed Silica 3.29 10"
PVC + 10%wt Fumed Silica 3.29 Fa 0t
PVC + 10%wt ZnO 2.5 16-10'

Additives of clay, zinc oxide, and fumed silica pparticles to the base
industrial polymers (Polyvinyl Chloride) has beeabiicated by using mixing,
ultrasonic, and heating processes in Nano-techgdRagearch Centre, Aswan - Egypt.
Preparations of studied Polyvinyl Chloride nanocosifes have been used SOL-GEL
method. The sol-gel processing of the nanopastitiside the polymer dissolved in
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non-aqueous or agueous solution is the ideal proweedor the formation of
interpenetrating networks between inorganic andamigy moieties at the milder
temperature in improving good compatibility andlbmg strong interfacial interaction
between two phases. This process has been usecessiudly to prepare
nanocomposites with nanoparticles in a range ofmel matrices. Several strategies
for the sol-gel process are applied for formatibrihe hybrid materials. One method
involves the polymerization of organic functionabgps from a preformed sol-gel
network. The sol- gel process is a rich chemisthyctv has been reviewed elsewhere
on the processing of materials from glass to polgm&he organic—inorganic hybrid
nanocomposites comprising of polymer, and nanapestiwere synthesized through
sol—gel technique at ambient temperature. The arocgphase was generated in situ by
hydrolysis—condensation of tetraethoxysilane (TEQG®)different concentrations,
under acid catalysis, in presence of the organas@hpolymer, dissolved in formic
acid [17]. Finally, It can be measured all dielectproperties for pure and
nanocomposite industrial materials by using HIOE22-50 LCR Hi-tester device and
have been detected as shown in table (1).

Fig. 2.a. Life photo for preparationFig. 2.b. Photo for DC breakdown for

equipment’s nanocomposite of Polyvinyl Chloride PVC
with 10%Fumed Silica under DC electric
field

Fig.2. Experimental preparation equipment’s antetesamples

3.1. Properties of Clay Nanofillers

« Nanoclay: It is nanomer 1.30E, clay surface medifwith 25-30wt. %
octadecylamine. The main constituent of nanofitlays significant quantities of
other nanoclays can often be present. Sphericdiclearshape is the most
important characteristic of nanoclay for polymeplagations. The platy nature
means that clay fillers have a greater effect amperties such as viscosity,
stiffness and strength, using clay as nanofilleregi high levels of flame
retardancy to the produced composite, and it'scégdiein this study. Cost less of
clay catalyst to be the best filler among nan@fgllindustrial materials.

 Fumed Silica (Sig) is a fluffy white powder with an extremely low rukty,
marketed under trade names such as Aerosil ando@db-With both
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hydrophobic and hydrophillic grades available sitwidely used as a rheology
modifier, imparting highly thixotropic properties r@latively low percentages. It
can also provide increased track, better stabifitysuspensions and prevents
“sagging” and settling of solids in a liquid systeffor this reason it is
particularly suitable for coatings, inks, adhesjvesins, sealants, and greases.
Fumed silica, or fumed silicon dioxide, is produckg the vapor-phase
hydrolysis of silicon tetrachloride in an H2/O2rfla. Hydrophilic fumed silica
bearing hydroxyl groups on its surface is produsgdhis process. Fumed silica
powders used in paints and coatings, silicone nulayel silicone sealants,
adhesives, cable compounds and gels, printing ekd toner, and plant
protection.

Zinc oxide (ZnQO): is a popular cross-linker fabber and for various resins, it is
also used as an UV stabilizer, and it has a retikigh refractive index which
makes it an efficient white pigment. Zinc oxideais inorganic compound with
the formula ZnO. It has high refractive index, higfermal conductivity, non-
toxic, and compatible with skin, making it a sulaladditive for textiles and
surfaces that come in contact with humans. Zind®xg also used as a catalyst
for methanol synthesis. The increase in surfaca aféNano scale zinc oxide
compared to larger powders has the potential tadugpthe efficiency of these
processes.

3.2.Properties of Industrial Polymers

Polyvinyl Chloride (PVC) is the most widely usetiany of the thermoplasts,
polymerized vinyl chloride, and which is producednf ethylene and anhydrous
hydrochloric acid. PVC is stronger and more rididrt other general purpose
thermoplastic materials. It has a high tensilengjtle and modulus of elasticity.
Additives are used to further specific end useghsas thermal stabilizers,
lubricity, impact modifiers, and pigmentation. Teere two basic forms of PVC
rigid and plasticized. Rigid PVC, as its name ssggds an unmodified polymer
and exhibits high rigidity. Unmodified PVC is stger and stiffer than PE and
PP. Plasticized PVC is modified by the additionaofow molecular weight

species to flexibilize the polymer. Plasticized P¥an be formulated to give
products with rubbery behaviour. It is modified Hye addition of styrene

butadiene rubber which improves notch toughnessimpadct strength. PVC's

are basically tough and strong, resist water angsam, and are excellent
electrical insulators.

4. RESULTS AND DISCUSSION

Fabricated and testing nanocomposite industriaen@s have been done by using all
experimental setup and equipment’s in Nano-TeclyyolResearch Center. But, all
PEA system testing results have been performednindtkity of Leicester, Electrical
and Electronic Engineering group and have beerusésd as shown below. An initial
measurement was carried out using two semiconduetectrodes. Electrical
breakdown measurements were carried out by plaspegimens in a mineral oil
vessel, kept at 28C, and using cylindrical stainless steel electrodits diameter 50



1110 A. Thabet

mm. Breakdown voltage up to 7.5 kV. Tests wereizedlapplying an increasing dc
voltage. The following figures show space chargarifliution at various dc voltage
stressed and at variant period times. It can be $e# the positive and negative space
charge peaks related to the cathode and anodeoelestthat found subsequently using
variant applied voltages and times. It has beeitedthat all our measurements were
therefore obtained using silicone oil to maintaineaoustic contact.

4.1. Characterization of Pure Polyvinyl Chloride PVC Industrial
Polymers
Figure 3 shows space charge profiles relevant tpvfPgl Chloride (PVC) pure, up to
DC electric field of 70 kvV/mm. A considerable amowh charge mainly positive can
be seen in the specimen of PVC. Thus, Figure 3rastst on the space charge
distribution with rising voltage. The measurementply the injection of impulse high
voltages on the charge density of Pure PVC dietentaterials; the cathode is at the
left and the anode is at the right that the chalgesity increases up to +17 C/mith
increasing impulse voltages up to 5kV and heterrgd accumulated near the
cathode.
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Fig. 3. Space charge profiles for Pure Polyvinyloatide PVC under DC electric field

Figure 4 contrasts on the space charge distribuéiod its decay happened in
remaining voltage, observed in the samples aftér Haur space charge electrodes.
Thus, Figure 4 contrasts on the effects of the esgdarge distribution, at remaining
5kV voltage on pure Polyvinyl Chloride PVC matesiaCharge density increases from
+15 C/m’ up tox 20 C/mwith remaining impulse voltages at 5kV only at #heode
and the hetero-charge accumulated near the caibhode increased. The data from the
first measurement, estimated to correspond to aydiéme of 6 sec, must therefore be
treated with some caution. The measurements threrafply the injection of negative
charge from the cathode, which remains trappededioghe injecting electrode when
the duration is 1/2hr.
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Fig. 4. Space charge profiles for Pure Polyvinyloatide PVC under DC electric field

4.2.Effect of Clay Nanoparticles on Polyvinyl Chloride PVC

Industrial Polymers
Figure 5 shows space charge profiles relevant tgviPgl Chloride (PVC) with 5%
clay nanopatrticles, up to DC electric field of 7@/kam. A considerable amount of
charge mainly positive can be seen in the nanoceitgpspecimen, and so, Figure 5
contrasts on the space charge distribution witlingisvoltage up to 5kV. The
measurements imply the injection of impulse higltages on the charge density of
Polyvinyl Chloride PVCwith 5%Clay nanocomposite materials; charging density at
the anode is more than charging density at theodatlith increasing impulse applied
voltages up to 5kV and there is hetero-charge aatated near the cathode. Figure 6
contrasts the space charge distribution, and itsyd@vhich is happened in remaining
5kV dc voltage, and is observed in the samples a#é hour between space charge
electrodes. Thus, Figure 6 contrasts on the effafctee space charge distribution, at
remaining 5kV voltage on Polyvinyl Chloride PVC wit% clay nanocomposite
material. There is no changing in Charge densith wemaining impulse voltages but
there is a very small reduction at the Anode.
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Fig. 5. Space charge profiles for nanocompositeabjvinyl Chloride PVC with
5%Clay under DC electric field
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Fig. 6. Space charge profiles for nanocompositeadyvinyl Chloride PVC with
5%Clay under DC electric field

Figure 7 contrasts the space charge distributidh rging voltage up to 5kV.
The measurements imply the injection of impulsenhigltages on the charge density
of Polyvinyl Chloride PVC with 10% clay nanocomgesimaterials; charge density at
the anode and cathode is increased in hanocompdéfewith 10%clay and there are
hetero-charge accumulated charges between the anddmthode electrodes. Figure 8
contrasts the space charge distribution, and iteyd@éappened in remaining voltage,
observed in the samples after half hour betweeoespharge electrodes. Thus, Figure
8 contrasts on the effects of the space chargeldigon, at remaining 5kV voltage on
Polyvinyl Chloride PVC with 10%clay nanocompositeatarial. There is high
reduction in charge density at anode and cathotte nemaining impulse voltages at
5kV.
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Fig. 7. Space charge profiles for nanocompositeadyvinyl Chloride PVC with
10%Clay under DC electric field
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Fig. 8. Space charge profiles for nanocompositeadyvinyl Chloride PVC with
10%Clay under DC electric field

The effect of raising concentration of nanofillerdointed out in Figures 5- 8
where space charge profiles under applied dc impuwidtages are reported for
different weight concentrations of modified narlefif concentration. i.e. increasing
percentages of clay nanoparticles from 0%clay inepBVC, up to 5%clay, and
10%clay increases charge density about 20%. Asbeaseen, a progressive of bulk
space charge at the electrode field level is oleskas the nanofillers concentration
increases. Again as referred to charge in the &dknot the electrode peaks. With
aging under 5kV, charge density at the anode atibda is decreased lightly in PVC
with 5%clay but there is more reduction in chargengity that happened in
nanocomposite PVC with 10% clay and there are betearge accumulated charges
between the anode and cathode electrodes. A sunohapace charge measurements
is provided by the threshold characteristics ofuFeég 5-8, relevant to pure, 5%clay,
and 10%clay respectively.

4.3.Effect of Fumed Silica Nanoparticles on Polyvinyl Chloride PVC
Industrial Polymers
Figure 9 shows space charge profiles relevant tgviPgl Chloride (PVC) with
5%fumed silica nanopatrticles, in a DC electricdielf 70 kV/mm. A considerable
amount of charge mainly positive can be seen imdr®composite specimen, and so,
Figure 9 contrasts on the space charge distribwtitimrising voltage up to 5kV. The
measurements imply the injection of impulse higltages on the charge density of
Polyvinyl Chloride PVC with 5%fumed silica nanocomposite materials; charging
density at the anode is more than charging deraitthe cathode with increasing
impulse applied voltages up to 5kV and there igtoetharge accumulated near the
anode.
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Fig. 9. Space charge profiles for nanocompositeabfvinyl Chloride PVC with
5%Fumed Silica under DC electric field

Figure 10 contrasts the space charge distributem its decay which is
happened in remaining 5kV dc voltage, and is oleskin the samples after half hour
between space charge electrodes. So that, Figumodidasts on the effects of the
space charge distribution, at remaining 5kV voltagePolyvinyl Chloride PVC with
5%fumed silica nanocomposite material. There i€manging in Charge density with
remaining impulse voltages but there is a very bmisihg at the Anode. Figure 11
contrasts the space charge distribution with rismgjtage up to 5kV. The
measurements imply the injection of impulse higftages on the charge density of
Polyvinyl Chloride PVC with 10%fumed silica nanocomposite materials; charge
density at the anode and cathode is decreaseavéstiovalues in nanocomposite PVC
with 10%clay and there are no hetero-charge acatediicharges between the anode
or cathode electrodes.
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Fig. 10. Space charge profiles for nanocompositeabfvinyl Chloride PVC with
5%Fumed Silica under DC electric field
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Fig. 11. Space charge profiles for nanocompositeabfvinyl Chloride PVC with
10%Fumed Silica under DC electric field

Figure 12contrasts on the space charge distribudiod its decay happened in
remaining voltage, observed in the samples aftdfr l@ur between space charge
electrodes. Thus, Figure 12 contrasts on the sffgicthe space charge distribution, at
remaining 5kV voltage on Polyvinyl Chloride PVC Wit10% fumed silica
nanocomposite material. There is small changebange density at anode and cathode
with remaining impulse voltages at 5kV.
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Fig. 12. Space charge profiles for nanocompositeabfvinyl Chloride PVC with
10%Fumed Silica under DC electric field

Comparing with all results for depicting the effeftraising concentration of
fumed silica nanofillers is pointed out in Figur@s12 where space charge profiles
under applied dc impulse voltages are reportedliiderent weight concentrations of
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modified nanofillers concentration. i.e. increasipgrcentages of fumed silica
nanoparticles from 0%fumed silica, up to 5%fumelitasiincreases charge density
200%. As can be seen, a progressive of bulk sgzrge at the electrode field level is
observed as the nanofillers concentration increts8%fumed silica but there is high
reduction in charge density, reaches to 80%, ifefdrsilica percentage increased from
5% up to 10%. Again as referred to charge in thi& bad not the electrode peaks.
With aging under 5kV, charge density at the anotk@athode is decreased lightly in
PVC with 5%fumed silica but there is noticed higlduction in charge density that
happened in nanocomposite PVC with 10%fumed sditthere are no hetero-charge
accumulated charges between the anode and catlemdeées. A summary of space
charge measurements is provided by the threshoddacteristics of Figures 5-8,
relevant to pure, 5%fumed silica, and 10%fumedaitespectively.

4.4 Effect of Zinc Oxide Nanoparticles on Polyvinyl Chloride PVC
Industrial Polymers
Figure 13 shows space charge profiles relevantdigvinyl Chloride (PVC) with
5%2Zn0O nanoparticles, in a DC electric field of AW/fam. A considerable amount of
charge mainly positive can be seen in the nanoceitgspecimen, and so, Figure 13
contrasts on the space charge distribution witlingisvoltage up to 5kV. The
measurements imply the injection of impulse higltages on the charge density of
Polyvinyl Chloride PVC with 5%ZnO nanocomposite materials; charging density at
the anode is more than charging density at theodatkith increasing impulse applied
voltages up to 5kV and there is hetero-charge aotated near the anode. Figure 14
contrasts the space charge distribution, and tsaydevhich is happened in remaining
5Kv dc voltage, and is observed in the samples &&é hour between space charge
electrodes. So that, Figure 14 contrasts on thextsfiof the space charge distribution,
at remaining 5kV voltage on Polyvinyl Chloride PMW@th 5%ZnO nanocomposite
material. There is no changing in Charge densith wemaining impulse voltages but
there is a very small rising at the Anode up to%58 pure PVC.
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Fig. 13. Space charge profiles for nanocompositeabfvinyl Chloride PVC with
10%2Zn0O under DC electric field
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Fig. 14. Space charge profiles for nanocompositeabfvinyl Chloride PVC with
10%Zn0O under DC electric field

Comparing with all results for depicting the effeftraising concentration of
ZnO nanofillers is pointed out in Figures (13, i¥)ere space charge profiles under
applied dc impulse voltages are reported for irgirgp ZnO concentrations of
modified nanofillers concentration. i.e. increasimgrcentages of ZnO nanoparticles
from 0%Zn0O, up to 10%Zn0 increases charge denSid¢@2from that happened in pur
PVC. As can be seen, a progressive of bulk spa@egelat the electrode field level is
observed as the nanofillers concentration increesd®9%Zn0O. Again as referred to
charge in the bulk and not the electrode peaks, aging under 5kV, charge density at
the anode and cathode is increased in PVC with I@o@nd there are hetero-charge
accumulated charges between the anode and catlemtiées. A summary of space
charge measurements is provided by the thresha@dacteristics of Figures (13,14),
relevant to pure PVC, and 10%ZnO nanocompositeectsely. It is noticed that,
charge density increases with raising ZnO nanadilfgercentage to 10%Zn0O in PVC.
At aging under 5kV, charge density has been inegtas the anode and cathode more
than that happened in pure PVC and other studiedamenposites.

5. CONCLUSIONS

= Adding clay nanoparticles increases charge de@6i# and so with aging under
5kV, charge density at the anode and cathode isedsed lightly in PVC with
5%clay but there is more reduction in charge dgngfitat happened in
nanocomposite PVC with 10%clay and there are hefieaoge accumulated
charges between the anode and cathode electrodes.

= Adding fumed silica nanoparticles from up to S8reases charge density 200%.
Also, a progressive of bulk space charge at thetrelde field level is observed
as the nanofillers concentration increases to 5%tlsilica but there is high
reduction in charge density, reaches to 80%, ifddsilica percentage increased
from 5% up to 10%. With aging under 5kV, charge gilgnat the anode and
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cathode is decreased lightly in PVC with 5%fumdtaibut there is noticed

high reduction in charge density that happenedanonomposite PVC with

10%fumed silica and there are no hetero-chargenadletied charges between
the anode and cathode electrodes.

Adding ZnO nanoparticles up to 10%Zn0O increaderge density 250% that
happened in pure PVC. And so, a progressive of lsplixce charge at the
electrode field level is observed as the nanofilleoncentration increases to
10%2Zn0O.With aging under 5kV, charge density at #m@de and cathode is
increased in PVC with 10%ZnO and there are hetkavge accumulated

charges between the anode and cathode electrodaginy under 5kV, charge
density has been increased at the anode and catim@ethan that happened in
pure PVC and other studied nanocomposites.

ACKNOWLEDGEMENTS

The present work was supported by the Science actinblogy Development Fund

(STD

[1]

[2]

[3]

[4]

[5]

[6]

[7]

F), Egypt, Grant No: Project ID 505.
REFERENCES

A. Tzimas, S. M Rowland, L. A. Dissado, M. Fu, ddH Nilsson, “The effect
of dc poling duration on space charge relaxatiowirigin XLPE cable peelings”
J. Phys. D: Appl. Phy€l3 (2010) 215401 (10pp), 2010.

M. Roy, J.K. Nelson, R.K. MacCrone, L.S. Schad@\V. Reed, R. Keefe and
W. Zenger, “Polymer Nanocomposite Dielectrics — Rue of the Interface”
IEEE Transactions on Dielectrics and Electrical Insulation Vol. 12, No. 4;pp.
629- 643, August 2005.

F. Guastavino, A. Dardano, A. Ratto, E. Torello,TieRmblo, M. Hoyos, J.M.
Gomez-Elvira, “Electrical Characterization of Polrrayered Silicate
Nanocomposites” IEEE, Annual Report Conference lattEcal Insulation and
Dielectric Phenomena, 2005.

J.Taima, K.lnaoka, T.Maezawa, Y. Tanaka, T. Takada Y. Murata,
“Observation of Space Charge Formation in LDPE/Md@ho-composite under
DC Stress at High Temperature” IEEE, Annual Re@amference on Electrical
Insulation and Dielectric Phenomena, 2006.

Xiaobing Dong, Yi Yin*, Zhe Li and Xuguang Li, “Spa Charge in Low-
density Polyethylene /micro-SiO2 composite and ldemsity Polyethylene/
nano-SiO, composite with different metal electrquiers” IEEE, International
Conference on Solid Dielectrics, Winchester, UKy 8113, 2007.

G. C. Montanari, D. Fabiani, and F. Palmier, “Machtion of Electrical
Properties and Performance of EVA and PP Insuldahioough Nanostructure by
Organophilic Silicates” IEEE Transactions on Diélies and Electrical
Insulation Vol. 11, No. 5; October 2004.

Y. Murakami, M. Nemoto, S. Okuzumi, S. Masuda, Magdo, N. Hozumi, Y.
Sekiguchi and Y. Murata, “DC Conduction and Eleetti Breakdown of
MgO/LDPE Nanocomposite” IEEE Transactions on Digles and Electrical
Insulation Vol. 15, No. 1; pp. 33-39, February 2008.



EXPERIMENTAL MEASUREMENTS FOR SPACE CHARGE ... 1119

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

A Thabet, and J. Fothergill, “Space-Charge Measardmin Composite
Dielectrics” IEEE-12th International Middle East ifer System Conference
"MEPCON 2008” being held in,Aswan, Egypt, March 800

T. Takada, Y. Hayase, Y. Tanaka, and T. Okamotpat® Charge Trapping in
Electrical Potential Well Caused by Permanent anduded Dipoles for
LDPE/MgO Nanocomposite” IEEE Transactions on Digles and Electrical
Insulation Vol. 15, No. 1; pp. 152-160, February 2008.

T. Maezawa, J.Taima, Y. Hayase, Y. Tanaka, T. Takadd Y. Sekiguchi, Y.
Murata, “Space Charge Formation in LDPE/MgO Nanoyosite under High
Electric Field at High Temperature” IEEE, Annual gee Conference on
Electrical Insulation and Dielectric Phenomena, 200

K. Li, H. Wang, F. Xiang, W. Liu, H. Yang, “Surfacéunctionalized
Ba0.6Sr0.4TiO3 /poly(vinylidene fluoride) nanocorsfies with significantly
enhanced dielectric properties” Applied Physicstérat Volume: 95 Issue: 20,
pp. 202904 - 202904-3, December 2009.

Sh. Okuzumi, Y. Murakami, M. Nagao,Y. Sekiguchi,.@h. Reddy, and Y.
Murata, “DC Breakdown Strength and Conduction Cuirref MgO/LDPE
Composite Influenced by by Filler Size”, IEEE, AahiReport Conference on
Electrical Insulation Dielectric Phenomena, pp.-728, 2008.

N. Vella, A. Toureille, N. Guarrotxena and J. L. Ilsln, “Thermal Step and
TSDC Measurement in PVC” IEEE Transactions on [Rieies and Electrical
Insulation Vol. 7, No.3; pp. 329-333, June 2000.

P. Murugaraj, D. Mainwaring, N. Mora-Huertas, “[@etric enhancement in
polymer-nanoparticle composites through interphaslarizability” Journal of
Applied Physics, Volume: 98 Issue: 5, pp. 0543084304-6, June 2005.

J. Zha, Z. Dang, H. Song, Y. Yin, G. Chen, “Dietacproperties and effect of
electrical aging on space charge accumulation iyipp@e/TiO2 nanocomposite
films” Journal of Applied Physics, Volume: 108 Iss@, pp. 094113 - 094113-6,
November 2010.

X. Huang, P. Jiang, Y. Yin, “Nanoparticle surfacedification induced space
charge suppression in linear low density polyethgteApplied Physics Letters,
Volume: 95 Issue: 24, pp. 242905 - 242905-3, De@zrdb09.

L. Bois, F.Chassagneux, S.Parola, and F.Bessu&@l®wth of ordered silver
nanoparticles in silica film mesostructured wittriblock copolymer PEO-PPO—
PEQ” Journal of Solid State Chemistry Vol. 182, pp00-1707, 2009.



1120 A. Thabet

Srishidgall il SliSpa o B Apalih (3 Ja13 LN cadll Alena cibuaksh
absls

Bhall Gl i el Ll slgal ind Aygia il lSse (e el By 3 2 ldll (s

o DS el cilal) Lald L 5l ¢ (@l ausle itad) Kl ¢ cphall) [ (PVC) a5
AL ) Jadl sl el Gl e By el Lpaailiad cipis (PVC) apslS i sl 50l g 30a
il Sl ikt s Jile Aliay DB elan aa lealadind i saaall L dsall o pdgiall e
Ol JSS Bt Wl DA L apaall Al alsall )l adll gl pailadll Audyy (g5 pall (e

Jid Jsdl 258 e Aesiad) Ayl Gl (PEA) disal) aglyeSll (als ol alaiuly
Gy Ayfeslll Glpall dibiie @iSp cmd (il awsh dsadl Kludle ¢ o) / (PVO)
Alena) il (e (PEA) ipaall 4lyeSll aili allas alainly 3l sannial) 4805<0) ilalga)
ClS e Cligine (& il sl IGLW (A ¢ gulall s Al ge e hall Galll (i angs ¢

.40 yie 1Al



