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The role of electrical insulation is simply ‘to keep electrons in 
their rightful place’ [1]. At high voltages (HV) this function be-
comes more difficult and important, since in elevated electric 

fields, electrons can be quite stubborn. In the increasingly competi-
tive environment of deregulated power supply industry (a growing 
worldwide trend), in order to remain profitable, improved reliability 
becomes cardinal. 

The ever increasing demand for electrical energy within an envi-
ronment characterised by (among other limitations) cost constraints, 
space limitations, and restrictive environmental regulations, entails 
that in most cases bulk transfer of electric power is imperative. Bulk 
handling of electric power over long distances requires the use of 
high or ultra high voltages. Power transmission voltages in the order 
of 1 000 kV (1 million volts) are now a reality [2]. 

At such elevated voltages, the capabilities of the conventional 
insulation are stretched to the limits. Increased space requirements, 
costs and environmental compatibility requirements also become 
major challenges [3]. 

It is in this context that the industry is in search of new generation 
electrical insulation that is able to match the contemporary chal-
lenges in high voltage engineering. In that regard nanocomposite 
insulation has a great potential of being the new generation electrical 
insulation [4].  

What is nanocomposite insulation?

Nanocomposite insulation can be defined as the outcome of a process 
where a conventional insulation, such as epoxy resin or polyethylene, 
is ‘spiced’ up with an appropriate dose of nanoparticles. Unlike the 
filler material used normally, nanofillers are particles of nanometric 
dimensions. 

They are mostly of inorganic matter and can be of any shape 
such as spherical or fibrous. When homogeneously dispersed in the 
host insulation, the nanoparticles form strong interfaces with the host 
insulation matrices to create a composite insulation with favourable 
functional properties.

Figure 1: TEM image of a 
nanocomposite: Epoxy base 
material with 2 wt% of alu-
minium oxide filler. The bright 
circles larger than 1 μm are 
part of the sample holder in the 
background.

Because of the nanometric size, the interface area between the nano-
particles and the host insulation matrix is orders of magnitude larger 
than for conventional, micro-sized filler. As an example: spherical 
nanoparticles of 40 nm in diameter when uniformly dispersed in host 
epoxy at a loading of 5 wt%, the total interfacial area is in the range 
of 3,5 km2/m3 of the composite [5]. In other words the total surface 
area of interface in a cubic meter of the nanocomposite is equivalent 
to the total area of 300 rugby fields! This phenomenon enables the 
nanoparticles to significantly alter some properties of the host insula-
tion to give superior functional properties [4]. 

Variables that influence properties of a nanocomposite include 
type and size of the filler, percentage loading, production procedure 
and the best type combination between the filler and host insulation. 
Determination of the best combinations and permutations of these 
variables is currently the pre-occupation of many researchers involved 
in the development of nanocomposite electrical insulation. A cursory 
survey of research papers presented at recent major international 
conferences related to high voltage engineering shows the growing 
worldwide popularity in this research frontier. As an example papers 
presented at two major international conferences in 2011 showed 
the following:
•	 At	 the	 IEEE	 Conference	 on	 Electrical	 Insulation	 and	 Dielectric	

Phenomena	(CEIDP)	2011	held	in	Cuncum,	Mexico,	of	the	confer-
ence’s 10 research areas, that on nanocomposites had the highest 
proportion of papers – 21%. 
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•	 Of	 the	eight	categories	 in	the	proceedings	of	 the	 International	
Symposium	 on	 High	 Voltage	 Engineering	 (ISH)	 2011	 held	 in	
Hannover, Germany, that of advanced materials and insulation 
had the highest proportion of papers, also 21%.

The high level of activity in the nanodielectric research frontier is a 
manifestation of sustained interest in the new generation insulation. 
Research in nanotechnology entails exploring physical phenomena 
of matter at nanoscale. Figure 2 illustrates a back-bench perspective 
of nanoscopic and telescopic worlds. Although many questions are 
still to be answered, the knowledge generated in nanocomposite 
research thus far is quite promising and in some cases well into the 
R&D programmes of major engineering corporations [6].

Figure 2: A painting illustrating a backrow perspective of the nanoscopic and 
telescopic worlds (Thomas Andritsch).

Superiority of nanocomposite insulation 

Despite variations that may be attributed to differences in nanocom-
posites manufacturing procedures, filler type and percent loading, 
experimental conditions and other factors, research has shown that 
there are insulation qualities that can be significantly improved 
through use of nanocomposites [3, 4]. 

Electrical tree endurance

It is generally agreed that nanoparticles significantly slow down 
the rate of electrical tree propagation in the host insulation. As an 
example, under ac voltage conditions, it has been reported that an 
epoxy resin nanocomposite with silica 26 wt% fillers took 20 times 
longer time to breakdown than neat epoxy when tested for electrical 
treeing endurance [6]. 

The electrical tree phenomenon is a common insulation mecha-
nism failure mode. It can be initiated directly in regions of high 
divergent electric stress caused by defects such as protrusions in 
insulation.	 Most	 of	 the	 other	 insulation	 degradation	 mechanisms	
also lead to final breakdown through electrical trees.
During a stint as a guest researcher at Delft University of Technol-
ogy in The Netherlands, Dr Nyamupangedengu performed inves-
tigations to characterise electrical trees in nanocomposites using 
partial discharge measurements (PD). It was deduced that the PD 
phase-resolved-distributions of the average discharge magnitude 
(Hqn(ϕ)) for trees in clean epoxy were distinctly different from those 
in a nanocomposite epoxy. The Hqn(ϕ) of tree PDs in clean epoxy 
was characterised by two distinct categories: one of small discharges 
and the other of big discharges. In the nanocomposite however, only 

a single category, that of small discharges, was dominant.  This ob-
servation is consistent with treeing models proposed by the likes of 
Tanaka [5] as illustrated in Figure 3. In clean insulation the small tree 
channels and big channels in the bush-branch tree type are equally 
prominent. Small discharges occur in the small bush channels and the 
longer channels give bigger PD. In nanocomposites, the filler particles 
block the extension of the long branches into the insulation. The tree 
shape is mainly of the bush type, and the corresponding discharges 
are predominantly of the small category. 

Figure 3: Electrical tree propagation models of clean and nanocomposite 
epoxy and below each, the corresponding distinct PD patterns. 

Voltage endurance

While ac breakdown results for nanocomposites have no consistent 
trends, there is large potential for dc applications. It has been found 
that very small amounts of various nanoparticles can increase the 
dc breakdown strength of epoxy by up to 80% [7]. What is truly 
remarkable is that this increase in breakdown strength happens at 
fillgrades as low as 0,5 wt%. That this increase of breakdown strength 
is by virtue of the filler size can be seen in Figure 4, which shows 
breakdown results for epoxy with boron nitride (BN) filler [8]. What 
exactly causes this remarkable behaviour is still subject of research. 

Figure 4: Dc breakdown strength of epoxy with 10 wt.% boron nitride 
filler as function of filler size; dotted line represents breakdown strength of 
unfilled epoxy [8].

Thermal conductivity

Regarding the thermal conductivity, a pure nanocomposite does not 
perform remarkably, due to the small size of the filler. However, it 
has great potential when mixed with conventional sized fillers. While 
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normal epoxy has a thermal conductivity of less than 0,2 W/m.K, 
special types of epoxy/BN/silica micro-Nan composites reach thermal 
conductivity values of 12 W/oK, while retaining a BD strength of 75 
kV/mm [9]. In this case the larger BN particles take care of the heat 
transport, while the nano-silica makes sure the breakdown strength 
remains at a good level.

Space charge retention

Magnesium	oxide	(MgO)	seems	to	be	the	magic	ingredient	for	reduc-
ing	space	charges	in	insulators.	Even	small	amounts	of	MgO	reduce	
the amount of charges that are trapped in the material. In epoxy with 
0,5 to 2 wt% magnesium oxide filler, the amount of space charges 
is only about a third to a half of the amount that can be measured 
in unfilled epoxy [8]. Figure 5 shows a comparison of the amount of 
charges in unfilled epoxy and nanocomposites.

Figure 5: Charge accumulation of nanocomposites with different amounts 
of magnesium oxide nanofiller, compared to unfilled epoxy resin (neat ER), 
when charged for 1 hour at 15 kV/mm.

Dielectric permittivity

After mixing a material of high permittivity into a material with low 
permittivity, one would assume that the resulting material has a 
permittivity which is between these two values. Under normal cir-
cumstances this is the case. However, for nanocomposites this does 
not apply. When mixing two materials, the permittivity turns out to 
be lower than either material [8]. 

The interfaces between nanoparticles and the host material have 
completely different properties than of the particles and host mate-
rial. With normal filler material this is also the case, but the surface 
area of microsised filler is relatively small. Since the surface area of 
nanoparticles is so immense, there is clear impact on the permittiv-
ity of the material. 

Conclusion

Like the sun rising on the horizon, the dawn of nanocomposites as 
new generation electrical insulation is certain. Sooner or later practi-
tioners in the electricity industry will be involved in decisions related 
to nanocomposite insulated equipment. It is therefore imperative to 
keep up to speed with developments in this new technology. 
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