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cate (TEOS), water, and ethanol mixed
with molar ratios of 9/25/408/100. Sub-
sequent hydrothermal synthesis at 100°C
for 18 h resulted in a gel, which was aged
for 24 h and later calcined at 480°C for 8 h.
Particles thus obtained were 100 nm in
diameter, and x-ray diffraction (XRD)
revealed that the only crystalline phase
present was silicalite-1.

The round stainless steel sheet used as a
substrate was 75 μm thick and 15 mm in
diameter and had laser-drilled holes of
about 80 μm in diameter. These holes,
drilled by a Nd:YAG laser in pulse mode,
were in a square lattice pattern a little over
200 μm apart. The pulse-drilling technique
left rough edges around each hole on one
side of the sheet. The silicalite-1 nanocrys-
tals already synthesized were rubbed
against this side of the substrate and thus
filled the holes. The substrate was then
placed vertically in a solution of KOH/
tetrapropylammonium bromide (TPABr)/
TEOS/H2O mixed with molar ratios of
1/1/4.5/100 in an autoclave. 

Hydrothermal synthesis at 170°C for 24 h
resulted in a 30-μm-thick membrane of sili-
calite-1 crystals on the rough side of the
substrate along with the silicalite-1 that

completely filled the holes in the stainless
steel sheet. XRD showed silicalite-1 as the
only phase present in the membranes. An
array of micromembranes was capable of
separating propane from N2, and had a
permeance higher than the MFI-type cur-
rent membranes. This is significant
progress, the researchers said, since the
membranes are essentially self-supported,
with the zeolite in contact with both the
feed and the permeate sides through a
relatively small thickness. 

Changing the temperature or time of the
hydrothermal synthesis varies the thick-
ness of the resulting uniform silicalite-1
layer. When the researchers tried synthesis
at 100°C, the thickness of the uniform sili-
calite-1 layer was less than 2 μm, while
the perforations were still completely
filled with silicalite-1. However, the thin-
ner layer resulted in less desirable perme-
ation properties.

SIARI SOSA

Properties of Heavy-Fermion
Materials Demystified

Theoretical physicists Q. Si of Rice
University and P. Coleman of Rutgers
University, along with a team of experi-

mental physicists led by F. Steglich at the
Max Planck Institute for Chemical
Physics of Solids in Dresden, have shown
that the Fermi volume in materials with
strongly correlated electrons changes its
size abruptly at a “quantum critical
point” as the temperature of the material
is lowered near absolute zero Kelvin. 

“Quantum critical points are of great
current interest because of their ability to
reach up from absolute zero and create a
new state of matter called ‘quantum critical
matter,’” said Coleman. “This may provide
a route to many new classes of material.”

The research project, reported in the
December 16, 2004, issue of Nature (p.
881; doi:10.1038/nature03129), addressed
whether the Fermi surface transformation
at the quantum critical point developed
gradually, as expected if the magnetism
is of spin-density-wave type, or sudden-
ly, as expected if the heavy electrons are
abruptly localized by magnetism.
Studying the heavy-fermion metal
YbRh2Si2, the researchers analyzed Hall
effect data, which revealed an abrupt
change in the Fermi surface transforma-
tion that the researchers attribute to the
breakdown of the Kondo effect. 
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“This is the most direct evidence for a
collapse of a Fermi volume in any quan-
tum critical matter,” said Steglich. “We
expect this new insight to have broad
implications for other strongly correlated
electron systems.”

Zigzag-Shaped Magnetic Films
Used for Single-Axis Field Sensing

F.C.S. da Silva and co-workers at the
National Institute of Standards and Tech-
nology (NIST) in Boulder, Colo., and
Gaithersburg, Md., have fabricated and
simulated zigzag-shaped magnetic thin-
film elements. They chose the zigzag
geometry because it can be used as a sin-
gle-axis magnetic-field sensor, which is
integral to nanoscale devices for data stor-
age technologies. These devices are based
on the anisotropic magnetoresistive (AMR)
effect. While the AMR effect has a relative-
ly small change in resistance, the devices
compensate by their sensitivity to field
changes and by very low intrinsic magnet-
ic noise. Both of these properties arise
because AMR devices are made from a sin-
gle layer of magnetic material. Having con-
trol over the magnetic easy axis orientation
is important for making scalable AMR sen-
sors without complicated current- and
field-biasing schemes. 

The critical aspect of designing such a
device lies in biasing the magnetic and
current flows at 45° to each other to
obtain an asymmetric linear response, the
researchers said. This is achieved in the
zigzag elements by fabricating it in a
shape in which the current flows down
the center and the shape controls the local
magnetic bias. To obtain a uniaxial mag-
netic element, a soft magnetic material is
chosen with both shape and induced
anisotropies to ensure that there is just
one anisotropy axis. 

As reported in the December 13, 2004,
issue of Applied Physics Letters (p. 6022; doi:
10.1063/1.1834732), these structures were
fabricated using optical lithography in
which a 30 nm thick Ni80Fe20 Permalloy
film was sputtered onto a SiO2-coated Si
wafer while a field was applied along the
element’s long axis. Layers of Ta 5 nm
thick were deposited before and after the
Permalloy to improve adhesion, provide
optimal texture for the film, and protect it
from oxidation. 

As shown in Figure 1, the magnetic
state was imaged using scanning electron
microscopy with polarization analysis
(SEMPA), which yields high spatial reso-
lution and measures the magnetic direc-
tion by analyzing the spin polarization of
the secondary electrons emitted during
analysis. Additionally, micromagnetic
simulations were performed by using the

object-oriented micromagnetic frame-
work (OOMMF) software, a simulation
program developed at NIST. 

These measurements show that it is
possible to naturally bias the magnetiza-
tion in magnetoresistive sensors by
choosing the appropriate contour in the
magnetic element. For a single-layer MR
sensor, a geometrical biasing mechanism
is successful from the nanoscale to the
microscale. The researchers said that this
technique can be scaled down until the
distance between corners becomes com-
parable to the domain wall width in the
magnetic material. SEMPA imaging of
fabricated structures along with OOMMF
modeling can be used to predict the
properties of devices in the nanoscale
regime. This type of nanoengineering
should have a significant impact in the
fields of magnetic sensors and memory
applications, the researchers said. 

ADITI S. RISBUD

Combustion Spray Process Leads
to Rapid Fabrication of Porous
SOFC Electrodes

The fabrication of porous electrodes
with high surface area is of great impor-
tance for the development of efficient,
low-temperature solid-oxide fuel cells
(SOFCs). Recently, the focus has been on a
combustion chemical vapor deposition
(CVD) method that uses only soluble pre-
cursors, a relatively new technique that
allows the fabrication of porous compos-
ite electrodes with nanostructural features
and good electrochemical characteristics.
Now, scientists at the Georgia Institute of
Technology have invented a rapid com-
bustion spray process using a suspension
of solid powders with a particle size of
less than 1 μm in a flammable solvent. 

In order to demonstrate the improved
performance of SOFC electrodes fabricat-
ed by this process, the scientists made and
tested combustion spray cathodes deposit-
ed onto Gd0.2Ce0.8O2 substrates (GDC)
supported by a NiO (65 wt%)/GDC
(35 wt%) anode, as reported in the No-
vember 2004 issue of the Journal of the
American Ceramic Society (p. 2139). The
Sm0.5Sr0.5CoO3 (SSC) and GDC powders
used for the combustion spray step had an
average particle size of 0.9 μm and 0.3 μm,
respectively, and were suspended in
ethanol in a 7:3 weight ratio and ultrasoni-
cally dispersed to break up any agglomer-
ates present. A 10 min deposition with a
1250°C flame temperature near the sub-
strate led to a 40-μm-thick, highly porous
(>40% porosity) SSC/GDC cathode film.
The electrochemical characteristics of the
symmetrical cell were determined in
ambient air from 450°C to 650°C. The
interfacial polarization resistance was only
1.045 Ω cm2 at 500°C, which is about half
of the resistance of, for example, screen-
printed systems. Overall, scientists Y. Liu
and M. Liu of Georgia Tech’s Center for
Innovative Fuel Cell Battery Technology
found that the performance of the SOFCs
made by combustion spray was equal to
or better than SOFCs made by other meth-
ods. The performance advantage increases
with lower temperatures, the researchers
said. In addition, the activation energy
seems to be reduced. 

The researchers said that the advantages
of their technique over combustion CVD
and similar processes include a significant
reduction in the cost of raw materials, cap-
ital investment, and operating costs, since
the precursors can be used in a powder
form and the nozzles are simpler. The
unlimited mixing capabilities of their
approach (which overcomes the solubility
limits of current processes), combined
with the availability of the raw materials,
allows easy process control, great flexibili-
ty in layer composition, and facile forma-
tion of multilayer structures. The use of
solid particles, rather than expensive
organic reagents common for other depo-
sition processes, leads to a significant
reduction in materials cost. The open-air
operability allows for easy control of the
deposition parameters at any stage during
the deposition. No high-temperature post-
treatment is necessary, and layer thick-
nesses of 40 μm can be formed in minutes. 

The developed process is immensely
versatile, allowing for the formation of
porous as well as dense layers with an
almost unlimited variety of compositions,
structures, and morphologies, the re-
searchers said. 
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Figure 1. Zigzag-shaped magnetic thin-
film structures. (a) Experimental scanning
electron microscopy with polarization
analysis image of a zigzag structure. (b)
Simulation performed on the same
geometry using object-oriented micro-
magnetic framework software. Reprinted
with permission from Applied Physics
Letters 85 (24)(2004) p. 6022. © 2004
American Institute of Physics.
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