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We have previously described a
promising new type of electromechanical
actuator, which is based on electrochemical
double-layer charging of carbon nanotubes.
It was not clear if physics of this actuation
effect in carbon nanotubes is qualitatively
different from that in graphite. In this
presentation we will show that actuation in
CNTs strongly depends on their chirdity. To
accommodate extra electrongholes on a
carbon nanotube, carbon-carbon bonds
adjust their length resulting in dimensional
and torsiona changes of the tube. We show
that modulation of the electron kinetic
energy by the lattice distortions results in a
quite unique picture of such changes. The
salient features of the lattice deformations
are anisotropy and strong dependence on the
nanotube geometry. Nanotubes upon charge
injection can exhibit both expansion and
contraction, as well as non-monotonic size
changes. The magnitude of the response of
semiconducting carbon nanotubes may be
substantialy larger than that of graphite.
Therefore we predict that if semiconducting
tubes of certain chirality can be selectively
separated from metallic ones, the actuation
can be dramaticaly enhanced. On
experimental side the previously redlized
performance was limited by the low
modulus and low strength of nanotube
sheets. We here describe methods for
obtaining carbon nanotube sheets and fibers
having order-of-magnitude higher
mechanical properties and show that these
property improvements lead to nanotube
actuators providing an actuation force of 26
MPa (which is two orders of magnitude
higher than for natura muscle) and an
isometric gravimetric work/cycle that is 3X
higher that for the best hard ferroelectric.
Theoretical analysis of actuator strain versus
charge agree with experiment at large
changing levels and indicate that
eectrostatic charges in  bond length
dominates over band-structure effects, and
that reversible dip occurs between inner and

outer tubes in a nanotube bundle when strain
is large. The obtained increase in actuator
performance with modulus increase, support
our arguments that carbon nanotubes will
eventually provide order-of-magnitude
higher work/cycle and stress generation than
any prior art technology.



