adsorbed by the exterior surfaces of SWNTs and/or the interstitial
spaces between bundled tubes.

A vehicle powered by a fuel cell would require ~3.1 kg of H, for a
500 km range'”. This amount of H; stored in the weight and volume
of a typical petrol tank requires system densities approaching
6.5 wt% and 62 kg H, m ~* (ref. 17). Figure 2 shows that no storage
technology is currently capable of meeting these goals. SWNTs with
diameters of 16.3A and 20 A would come close to the target
densities and operate near room temperatures if modest H, over-
pressures compensated for the lower heats of adsorption expected in
the larger cavities. These materials would have high energy storage
efficiencies as they would operate at or near ambient temperatures
and pressures. In contrast, 25 to 45% of the energy content in
liquefied H, is required for liquefaction'®, and ~9% of the stored
energy is needed for compression of H, to 20 MPa (ref. 17). For
catalytic generation of H, by the reaction of H,O with iron,
temperatures in excess of 250 °C are required'”".

The effect of hydrogen over-pressure on the stability of adsorbed
H, has not yet been investigated and remains an important ques-
tion. The high-purity 13.8-A diameter SWNT samples that have
recently been produced by laser vaporization® should be interesting
candidates for evaluation. The temperature and pressure require-
ments for H, adsorption and desorption, and the kinetics for
charging and discharging, are expected to be a function of nanotube
diameter and aspect ratio. Control of these parameters coupled
with improvements in production, purification and alignment of
SWNTs may lead to a new H, storage technology for hydrogen-
fuelled vehicles with superior performance to currently available
options. O
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Granular materials'~ segregate according to grain size when

exposed to periodic perturbations such as vibrations®"2. More-
over, mixtures of grains of different sizes can also spontaneously
segregate in the absence of external perturbations: when such a
mixture is simply poured onto a pile, the large grains are more
likely to be found near the base, while the small grains are more
likely to be near the top'>~*. Here we report another size-separa-
tion effect, which arises when we pour a granular mixture between
two vertical plates: the mixture spontaneously stratifies into
alternating layers of small and large grains whenever the large
grains have larger angle of repose than the small grains. We find
only spontaneous segregation, without stratification, when the
large grains have smaller angle of repose than the small grains.
The stratification is related to the occurrence of avalanches:
during each avalanche, the grains separate into a pair of static
layers, with the small grains forming a sublayer underneath the
layer of large grains.

Our experimental system consists of a vertical ‘quasi-two-dimen-
sional’ cell with a gap of 5mm separating two transparent plates
(made of Plexiglass or glass) measuring 300 mm X 200 mm
(Fig. 1a). To avoid the effects of electrostatic interactions between
the grains and the wall, the wall is cleaned with an antistatic cleaner.

In a first series of experiments, we closed the left edge of the cell
leaving the right edge free, and we poured, near the left edge, an
equal-volume mixture of white glass beads (mean size 0.27 mm,
spherical shape, repose angle 26°), and red sugar crystals (typical
size 0.8 mm, cubic shape, repose angle 39°). Figure la shows the
result of the first series of experiments. We note two features: (1)
Spontaneous stratification. We see the formation of alternating
layers consisting of small and large grains—with a ‘wavelength’ of
~1.2cm. (2) Spontaneous segregation. We find that the smaller
grains segregate near the left edge and the larger grains segregate
furthest from it and near the base'**".

In a second series of experiments, we confirmed the results of
these initial experiments by testing for stratification and segregation
using a mixture of grains of same density, consisting of fine sand
(typical size 0.4 mm) and coarse sand (typical size 1 mm), suggest-
ing that the density of the grains may not play an important role in
stratification.

In all the above experiments we used mixtures composed of two
types of grain with different shape, and therefore with different
angles of repose. In particular we obtained stratification (plus
segregation) when we used larger cubic grains and smaller spherical
grains: the angle of repose of the large species was then larger than
the angle of repose of the small species. Otherwise we obtained only
segregation and not stratification when the large grains were less
faceted than the small grains, that is, the large grains had smaller
angle of repose than the small grains.

To confirm this, we performed a series of experiments using
mixtures of irregular shaped sand grains (repose angle 35°, mean
size 0.3 mm), and spherical glass beads (repose angle 26° smaller
than the repose angle of the sand grains). We found that stratification
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