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Carbon nanoballs can greatly contribute to
sustainable energy supply
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The C60 carbon ball consists of 60 carbon atoms that are placed so that the
molecule resembles a nanometer-sized football. Credit: Christian Miiller
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Researchers at Chalmers University of Technology have discovered that
the insulation plastic used in high-voltage cables can withstand a 26 per
cent higher voltage if nanometer-sized carbon balls are added. This could
result in enormous efficiency gains in the power grids of the future,
which are needed to achieve a sustainable energy system.

The renewable energy sources of tomorrow will often be found far away

from the end user. Wind turbines, for example, are most effective when
placed out at sea. Solar energy will have the greatest impact on the
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European energy system if focus is on transport of solar power from
North Africa and Southern Europe to Northern Europe.

"Reducing energy losses during electric power transmission is one of the
most important factors for the energy systems of the future," says
Chalmers researcher Christian Miiller. "The other two are development
of renewable energy sources and technologies for energy storage."

Together with colleagues from Chalmers University of Technology and
the company Borealis in Sweden, he has found a powerful method for
reducing energy losses in alternating current cables. The results were
recently published in Advanced Materials.

The researchers have shown that different variants of the C60 carbon
ball, a nanomaterial in the fullerene molecular group, provide strong
protection against breakdown of the insulation plastic used in high-
voltage cables. Today the voltage in the cables has to be limited to
prevent the insulation layer from getting damaged. The higher the
voltage the more electrons can leak out into the insulation material, a
process which leads to breakdown.

It 1s sufficient to add very small amounts of fullerene to the insulation
plastic for it to withstand a voltage that is 26 per cent higher, without the
material breaking down, than the voltage that plastic without the additive
can withstand.
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An electrical tree, which is a major electrical breakdown mechanism of
insulation plastic. Fullerenes prevent electrical trees from forming by capturing
electrons that would otherwise destroy chemical bonds in the plastic. Credit:
Anette Johansson and Markus Jarvid

"Being able to increase the voltage to this extent would result in
enormous efficiency gains in power transmission all over the world,"
says Christian Miiller. "A major issue in the industry is how transmission
efficiency can be improved without making the power cables thicker,
since they are already very heavy and difficult to handle."
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Using additives to protect the insulation plastic has been a known
concept since the 1970s, but until now it has been unknown exactly what
and how much to add. Consequently, additives are currently not used at
all for the purpose, and the insulation material is manufactured with the
highest possible degree of chemical purity.

In recent years, other researchers have experimented with fullerenes in
the electrically conductive parts of high-voltage cables. Until now,
though, it has been unknown that the substance can be beneficial for the
insulation material.

Wind turbines are most effective when placed out at sea. Credit: Lina Bertling

The Chalmers researchers have now demonstrated that fullerenes are the
best voltage stabilizers identified for insulation plastic thus far. This
means they have a hitherto unsurpassed ability to capture electrons and
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thus protect other molecules from being destroyed by the electrons.

To arrive at these findings, the researchers tested a number of molecules
that are also used within organic solar cell research at Chalmers. The
molecules were tested using several different methods, and were added
to pieces of insulation plastic used for high-voltage cables. The pieces of
plastic were then subjected to an increasing electric field until they
crackled. Fullerenes turned out to be the type of additive that most
effectively protects the insulation plastic.

The next step involves testing the method on a large scale in complete
high-voltage cables for alternating current. The researchers will also test
the method in high-voltage cables for direct current, since direct current
1s more efficient than alternating current for power transmission over
very long distances.

A high-voltage cable cross-section. The electrically conductive core is covered
by a black protective layer, a white insulation layer of plastic and an additional

5/6


https://phys.org/tags/cables/

PHYS 19X

black protective layer. Credit: Carolina Eek Jaworski

More information: "A New Application Area for Fullerenes: Voltage
Stabilizers for Power Cable Insulation." Advanced Materials. Markus
Jarvid, Anette Johansson, Renee Kroon, Jonas M. Bjuggren, Harald
Wautzel, Villgot Englund, Stanislaw Gubanski, Mats R. Andersson and
Christian Miiller DOI: 10.1002/adma.201404306,
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