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NEWS AND VIEWS 
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FIG. 2 Entropy change of a system of spin.?h 
Gd atoms induced by removal of a 1 tesla 
field for individual spins and clusters of 10, 
30 and 100 spins. The 10-atom clusters 
have the optimum size at 15.3 K, the 30-
atom clusters at 46 K. (From ref. 5.) 

and McGill University) showed that 
FeTi, a standard intermetallic used for 
storing hydrogen as hydride, can both 
store more hydrogen per unit mass and 
is more easily conditioned (that is, needs 
fewer hydrogenation cycles to attain its 
optimum performance) than coarse
grained material; Trudeau and col
leagues opine that the oxide layer is of a 
different nature on nanostructured 
powder. 

A hardy perennial in the study of 
consolidated nanostructured materials is 
the curiously strong resistance of the 
very small grains, typically 10-20 nm 
across, to grain growth during the sinter
ing process used to consolidate the pow
der. Several papers at Cancun claimed to 
show that the key factor was the size, 
shape and separation of the residual 
pores. As long as porosity is connected, 
grain growth is inhibited; once pores be
come separated, grain growth becomes 
easier unless the pores remain very small 
and numerous. But J. Weissmiiller (Uni
versity of Saarbriicken, Germany) puts a 
quite different perspective on this issue. 
He starts from his own experimental 
measurements (by analytical electron 
microscopy with nanometric beam dia
meter), showing that grain boundaries, 
for instance in Ti/Pd nano-alloys, are 
enriched in one constituent. He then 
demonstrates, by rigorous thermodyna
mic argument, that such enrichment can 
entirely remove any driving force for 
grain growth by leaving the enriched 
grain boundary with an effectively nega
tive specific boundary energy. This 
analysis (echoed in another paper by 
H. J. Fecht, Augsburg University) will 
certainly attract wide attention. 

Finally, several striking papers were 
devoted to magnetic properties. R. F. 
Ziolo (Xerox Corporation, Webster, 
New York), jointly with academic input 
by several other scientists, has found a 
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way of making a transparent ferro
magnetic nanocomposite, containing 
y-Fe20 3 , which is much more strongly 
magnetic than the only earlier transpa
rent ferromagnetic materials, FeB03 and 
FeF3 . A preliminary account of this 
work was published in Jull. The key to 
the process is the use of a standard 
sulphonated ion-exchange resin, treated 
as shown in Fig. 1. The optical trans
parency is good, especially above 600 nm 
wavelength; this characteristic is clearly 
linked to the small size of the particles 
relative to the light wavelength. The 
embrittled resin beads can be broken up 
and the magnetic nanoparticles dispersed 
to make a ferrofluid (needing only short 
milling times), and the cast and dried 
ferrofluid forms soft, flexible films that 
adhere well to many substrates. Uses in 
magneto-optical systems and light mod
ulators are suggested. 

The other strikingly original magnetic 
application of a nanostructured material 
was presented by R. D. Shull et a!. 
(National Institute of Standards and 
Technology, Maryland). They showed, 
both theoretically and experimentally, 
that ferromagnetic or preferably super
paramagnetic clusters, typically contain
ing 10-30 atoms each, in a non-magnetic 
matrix, are far more effective for mag
netic cooling (by means of an adiabatic 
magnetization/demagnetization cycle) 
than are conventional magnetic mat
erials. In the past magnetic cooling has 
been restricted to temperatures below 
about 20 K. But by careful choice of 
material parameters and cluster size, 
highly effective magnetic cooling can 
now be obtained at temperatures as high 
as 100 K. Figure 2 shows the entropy 
change on demagnetization (closely re
lated to the attainable ~ T per cycle) as a 
function of cluster size in Gd. The 
underlying theory is too complex to 
outline here, but is clearly set out in the 
paper from which the figure is taken5 

and other papers by the group. 
There were many other worthwhile 

topics covered at the meeting. Not least 
of them were metallic multilayers 
(nanostructures small in one dimension 
only) and fullerene nanotubes6 (nano
structures small in two dimensions, as 
described by S. Iijima, NEC, Japan). 
But the main message to emerge was a 
broad and simple one - a major new 
category of materials has firmly arrived. D 
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DAEDALUS-----------------, 

High vacuum 
LAsT week Daedalus presented his 
'actively rigid' hollow tube. It carries an 
internal laser or electron beam. If the 
tube is bent out of the straight, the 
beam impinges on the inner face of the 
bend. The material at that point heats 
up, expands, and straightens the tube 
again. Thus protected against buckling, 
it can withstand enormous compression 
or deformation. 

DREADCO engineers are now trying 
this idea in two dimensions. They are 
laminating flat sheets of transparent 
material between two opaque faces, and 
launching a laser beam into the 
transparent central region. If the sheet 
deflects in any way, the beam hits the 
inner surface of the deflection and 
straightens it again. The beam has to be 
diverged into a sheet form itself, or 
scanned rapidly enough through the 
inner volume to correct any deflection 
almost instantly. The result is a thin but 
actively rigid panel, proof against all 
bending and buckling. 

Such light, flat panels could replace 
heavy walls, roofs and partitions in many 
types of building. But Daedalus would 
like to make them in curved sections as 
well. He plans to give the transparent 
central sheet a refractive index gradient 
from one face to the other. The laser 
beam will then travel in a curve, and the 
panel will follow it. Actively rigid domes, 
arches, tanks and pipes of the new 
material could be as strong as thick 
steel, yet almost as thin and light as 
paper. A complete actively rigid hollow 
sphere would be so strong that it might 
even be evacuated without collapsing. 

Vacuum, notes Daedalus, is lighter 
than hydrogen, and much cheaper. 
Accordingly, an evacuated lightweight 
actively rigid sphere would form a novel 
vacuum balloon. Unlike all other 
balloons, it would be independent of gas 
supplies. It could vary its lift at will, 
simply by letting air into its envelope or 
pumping it out again. 

Bolder still, Daedalus is dreaming of a 
cylindrical vacuum balloon in the form of 
a tall, actively rigid evacuated chimney. 
Unlike conventional chimneys and 
masts, it would be buoyant and self 
supporting in the atmosphere. Winds 
could not deform or topple it: at worst 
they might push it harmlessly out of the 
vertical. It could rise many kilometres 
through the atmosphere, and could even 
open at the top into the near vacuum of 
aerospace. A telescope looking up the 
bore could then see the stars free of 
atmospheric turbulence. Equipment at 
the top could conduct space 
experiments, and relay telephone and TV 
signals over a huge area. A feeble 
downflow of thin high-altitude air could 
be pumped steadily out at the bottom 
and sampled for ozone and halocarbons. 

David Jones 
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