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Insulation materials can be tailored by compounding 
nanofillers and polymer materials. The advantageous 
changes in properties of polymer nanocomposites can be 
explained by the large interface area of the nanofillers. 
Theoretical models developed in the field of 
nanodielectrics concentrate on the analysis of the 
interface volume.
Dielectric breakdown strength (DBS) is one of the most 
important properties of an insulation material. The DBS 
of nanocomposites depends heavily on the nanofiller 
content and even small quantities can cause 
improvement. This is linked to the maximum interface 
volume achieved already at low nanofiller 
concentrations. Homogeneous nanodispersion is the key 
for DBS increase and reliable results. Often the most 
profitable nanofiller quantities are below 5 wt-%. The 
same kind of behaviour can be seen with different 
voltage shapes, but with dc voltage the increase is 
bigger. DBS has a maximum value with respect to 
nanofiller amount and decreases thereafter. Filler 
quantities around 5 wt-% and even lower are the most 
attractive considering DBS of nanocomposites.

Nanofillers or nanoadditives are defined as material 
having one dimension less than 100 nm. In the field of 
insulation the word “nanofiller” is mostly used. Polymer 
nanocomposites are defined as polymers with a small 
amount (0.1 to 10 wt-%) of nanofillers. Fillers should be 
homogeneously dispersed in the polymer matrix to form 
a nanodielectric material [1, 2]. The mostly used 
polymers in nanodielectrics research are polyamide 
(PA), polyethylene (PE), polypropylene (PP), ethylene 
vinyl acetate (EVA), epoxy resins (EP) and silicone 
rubbers (SR). Polymers are combined with inorganic 
nanofillers such as layered silicate (LS), silica (SiO2), 
titania (TiO2), alumina (Al2O3) and magnesia (MgO).
The short history of nanodielectrics dates back to 1994. 
The first paper using nanodielectrics was published by 
John Lewis in the Transactions on Dielectrics and 
Electrical Insulation (Institute of Electrical and 
Electronics Engineers, IEEE). The paper is entitled 
“Nanometric Dielectrics” and discusses the future of 
insulation materials [3]. After a fairly slow start in the 
1990’s nanodielectrics research has increased rapidly in 
this millennium, which can be seen in the increasing 

number of publications and group activities in the 
International Council on Large Electric Systems 
(CIGRE) and IEEE. The history and development of 
nanodielectrics have been described more closely in [1, 
2, 4-12].
Polymer nanocomposites are the second generation of 
filled dielectrics in insulation engineering. The first 
generation of filled dielectrics is microcomposites, 
which consist of polymers filled with a large amount (of 
the order of 50-60 wt-%) of micron-sized inorganic 
fillers (from 100 nm to 100 µm). If the filler weigth 
content of nano- and microfillers is the same in the 
matrix, the interfacial surface (area/volume) between the 
inorganic fillers and the polymer matrix is larger 
(typically three orders of magnitude) in nanocomposites 
than in microcomposites [13]. The weight content of the 
nanoparticles is usually quite low (less than 10 wt-%) 
because of the low percolation threshold. When 
nanoparticle content increases beyond the percolation 
threshold, the nanocomposite may lose its beneficial 
dielectric properties [4]. The small filler amounts in 
nanocomposites ensure that inherent polymer properties, 
e.g. density, remain almost unchanged. The size 
difference in nano- and microfillers leads to nine orders 
of magnitude difference in the number of particles at the 
same filler weight content if the densities and volume 
contents of fillers are the same. Therefore the distances 
between neighbouring fillers are much smaller 
(nanometers) in nanocomposites than in conventional 
microfilled polymers, if fillers are homogeneously 
dispersed. More comprehensive discussions on nano-
and microcomposites have been published in [13-18].

DBS is one of the most important properties of an 
insulation material. As discussed earlier, the properties 
of polymer nanocomposites are mainly explained by a 
large interfacial area of nanofillers. This interfacial area 
is responsible for the interaction of the electrical field 
between the matrix polymer and nanofiller [10, 19-21]. 
The DBS of the nanocomposites depends heavily on the 
nanofiller content and even small quantities can cause 
improvement. Often the most profitable nanofiller 
quantities are below 5 wt-%, as has been noted in [22-
26]. The ac DBS of 3 wt-% octamethyl POSS-PP
composite increased 22 % compared to the reference 
PP. The LI DBS of 1 wt-% octaglycidyldimethylsilyl 
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POSS-EP nanocomposite increased 26 % compared to 
the reference EP. These changes are linked to the ability 
of POSS particles to trap charges [22] and to the 
maximum interfacial area achieved already at low 
nanofiller concentrations [27]. Good homogeneous 
nanodispersion is the key to DBS increase and reliable 
results [28]. The risk of agglomerates increases with 
nanofiller content. Agglomerates decrease the DBS as in 
microcomposites. 
The DBS behaviour of nanocomposites may be reflected 
in changes in the space charge distribution, reduction in 
the internal electric field caused by the nanofiller size 
and changes in the polymer morphology [28]. Nelson 
also emphasizes the effects of the scattering of electrons 
in high field regions, electron trapping and free volume 
within the polymer structure [10, 20]. When the layers 
of nanoparticles are connected, paths of high 
conductivity may form. These local short circuit paths 
lead to faster recombination of space charges in 
nanocomposites. These effects result in lower space 
charge accumulation and lower local internal fields due 
to space charges in nanocomposites. Scattering of 
electrons decreases the kinetic energy preventing 
ionization and the deep traps reduce the mobility of 
charge carriers [29].
Vaughan et al. suggest that the addition of nanofillers 
changes the crystal growth mode in MMT-PE 
nanocomposite [21]. The crystals can be smaller if the 
growth centres (e.g. nanoparticles) are close to each 
other. However, the crystallinity degree has been 
observed to increase with mica-PA nanocomposite [30]. 
Roy et al. conclude that crystallinity is not as such a 
significant factor in controlling DBS, the nanoparticles 
in the crystalline phase may disrupt the path provided to 
the charge carriers and lead to an increase in DBS [28]. 
In [31] it is also suggested that the increase of ac DBS in 
CaCO3-PP composites may be due to the high melting 
point of CaCO3 (1340 °C) and strengthening of weak 
areas between spherulites. Murakami et al. also suggest 
that in MgO-LDPE nanocomposite the increase in dc 
DBS is related to thermal processes [32].
The general idea in DBS measurements is to compare 
the matrix polymer with nanofillers to the reference 
polymer matrix. Stabilizers are also commonly used e.g. 
against ultra violet radiation ageing. The effect of 
stabilizers on the DBS of reference polymer can be 
defined by measuring reference material with and 
without stabilizers, although this may be difficult in 
practice. It is important to maintain stable measurement 
conditions during the DBS measurements. Air pressure, 
humidity and temperature all affect the measured 
properties and materials. The temperature effect of 
nanocomposite DBS has been studied in [28]. Roy et al. 
conducted dc DBS measurements at four different 
temperatures 25 °C, 60 °C, 70 °C and 80 °C and for four 
different SiO2 surface treatments. DBS decreased as a 
function of temperature with all compositions and with 
the reference material. The DBS behaviour of 
nanocomposites is affected by environmental condition 

but the actual effect in each case also depends on the 
voltage shape used (ac, dc, LI) and the matrix polymer 
and nanofiller. Thus, the importance of each factor 
varies case by case. Figure 1 presents the variables and 
factors affecting the DBS of nanocomposites. DBS
depends on many variables and factors which also 
depend on each other. They all need to be considered 
when conducting DBS measurements and analysing the 
results.

 - Variables and factors affecting the DBS of 
nanocomposites.

As indicated in Chapter 2, there are mechanisms related 
to nanocomposites which increase the short-term 
breakdown voltage. These mechanisms are dependent 
on the voltage shape used in the DBS measurements. 
The ac and LI DBS of nanocomposites are usually 
harder to increase than the dc DBS, as has been noted in 
[22-26]. The mean values of ac and dc DBS of 5 wt-%
SiO2-PP nanocomposite increased 20 % and 52 % 
respectively compared to the reference PP. 
As Danikas et al. [4] concluded, reduction of space 
charge accumulation improves dc voltage performance 
and scattering mechanism is the reason for improved ac 
and LI voltage performance. This has also been 
supported by Hu et al. [29]. Roy et al. emphasize that 
the increased dc DBS is a common property for all 
nanocomposites [28]. Smith et al. also report that dc 
DBS measurements provided higher breakdown strength 
values with SiO2-XLPE nanocomposites than the peak 
values of the ac DBS measurements and the surface 
modification of SiO2 nanoparticles had a positive effect 
[33]. The accumulation of shielding space charge is a 
process which needs time to develop. Thus, in ac or in 
fast impulse voltage DBS measurement (1.2/50 µs), the 
effect of shielding space charge disappears.  The large
interfacial area creates opportunities for a scattering 
mechanism. During ac and LI conditions, this may 
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become the primary mechanism for the increase in the 
DBS of nanocomposites.
Usually the DBS values of the nanocomposites fit into 
the Weibull distribution. A common conclusion for the 
DBS results with ac and dc voltage shapes is that 

remains at the reference level, but scattering of the data 
19, 22-26, 29, 34, 35]. 

Nanocomposites have smaller scattering for DBS 
values. The breakdown phenomenon in homogeneous 
nanocomposites is more stable than in the reference 
matrix polymer. The phenomenon has a positive impact 
on insulation system design, where safety margins may 

Hoyos et al. concluded that SiO2-LDPE and LS-LDPE 
nanocomposites are defect-free as regards electrically 
weak spots [36
sign of proper nanodispersion in nanocomposites. 
Figure 2 presents third order polynomial fittings for the 
DBS results of nanocompostites as a function of 
nanofiller content. It shows that the same kind of 
behaviour with different voltage shapes can be achieved 
with nanocomposites, but with dc voltage the increase is 
bigger. The difference between the dc vs. ac DBS values 
is in the order of
mean square (RMS) value. The peaks of the fittings are 
approximately in the same position with respect to 
nanofiller content. DBS has a maximum value with 
respect to nanofiller amount and decreases thereafter. 
Filler quantities around 5 wt-% and even lower are the 
most attractive considering DBS of nanocomposites. 
This kind of behaviour is similar to the interphase 
volume model presented by Raetzke [27].

Dielectric breakdown strength (DBS) is one of the most 
important properties of an insulation material. The DBS 
of nanocomposites depends heavily on the nanofiller 
content and even small quantities can cause 
improvement. This is linked to the maximum interface 
volume achieved already at low nanofiller 
concentrations. Homogeneous nanodispersion is the key 
for DBS increase and reliable results. Often the most 
profitable nanofiller quantities are below 5 wt-%. The 
same kind of behaviour can be seen with different 
voltage shapes, but with dc voltage the increase is 
bigger. DBS has a maximum value with respect to 
nanofiller amount and decreases thereafter. Filler 
quantities around 5 wt-% and even lower are the most 
attractive considering DBS of nanocomposites.

 - DBS of the nanocomposites as a function of
filler content. Diamonds are the measurement results for 
ac and LI voltages and squares for dc voltage. Third 
order polynomial fittings are presented with broken lines  
[37].
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