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High-strength, ultra-light and elastic carbon materials are commonly
used in high-performance sports goods and modern aerospace
technology - for example in tennis rackets, racing tyres, heat shields and
even guitars. Carbon fibres are only a few micrometres thick and mainly
used to mechanically reinforce other materials, like polymers, metals,
and ceramics. In tension, these kinds of fibres are stronger than most
other known materials. However, compression applied parallel to the
fibre axis can cause the buckling of nanoscale carbon layers -
comparable to the buckling of a long, thin rod under compressive load.

An x-ray beam just 100 nanometres in width functions as a "nano-
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magnifier" to explore, in detail, defects and changes in carbon fibres.
Image: Max Planck Institute of Colloids and Interfaces

In a novel physical experiment at the European Synchrotron Radiation
Facility in Grenoble, researchers from Potsdam, Germany and Vienna
have threaded both ends of micrometre thick carbon fibres through thin
hollow needles in order to form fibre loops. The fibres are stretched on
the outside of the loop and compressed on the inside. In-between there is
a neutral zone, as we might find in a bent beam. By tugging on the ends
of the fibres, the scientists were able to adjust the loop's radius, and thus
also the mechanical load in the tensile and the compression region.

Oskar Paris from the Max Planck Institute of Colloids and Interfaces
explains that "what is unique about the experiment is that we can make
observations at many length-scales and thus gather evidence about the
secret of "nano-buckling". Using a 100-nanometre wide x-ray beam, we
can scan the differently distorted regions along the cross-section of the
fibre. Our nano-magnifier - the diffraction of the x-ray beam -allows us
to measure the local strains of the only some nanometres thick carbon
layers, as well as their orientation with respect to the fibre axis."

High-tech carbon fibres are made of graphite-like carbon sheets with
strong covalent atomic bonding within the sheets, and weak Van der
Waals bonding between them. Almost all the physical properties - and
particularly mechanical behaviour - of these materials depend on their
orientation. Their tensile stiffness is as much as five times higher than
that of steel, and their specific tensile strength can overcome that of steel
by a factor of ten. Under compression, however, the fibres can fail.
Here, the mechanical behaviour is determined by mechanical instability -
carbon layers buckling at the nanoscale - in addition to the shearing of
single carbon layers.

In spite of this, some carbon fibres exhibit astoundingly good shear
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properties. In these cases, "nano-buckling" is rarely observed - which
suggests the existence of a substantial number of strong cross-links
between the carbon layers. Herwig Peterlik from the University of
Vienna explains that "if we could reinforce the usually very weak
connections between the carbon layers in a controlled way using this
kind of covalent cross-links, then in addition to carbon fibres, the highly-
vaunted new carbon nanotubes would be almost ready to make the
strongest ropes in the world."

This has been possible very recently with electron irradiation, which
requires however a high expenditure of money and energy. The high
price is also the major reason why carbon fibres, which are relatively
cheap to produce, are not easily replaced by modern nanotubes. The
question why these valuable cross-links occur only in some carbon
fibres, while others buckle, still remains unclear.

Source: Max-Planck-Gesellschaft
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