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MAGNETIC MICROSTRUCTURE OF NANOCRYSTALLINE FERROMAGNETS AND
NANOCRYSTALLINE SYSTEMS COMBINING FERROMAGNETIC AND

ANTIFERROMAGNETIC PHASES

J. Loffler, W. Wagner (PSI), G. Kostorz (ETHZ), A. Wiedenmann (HMI Berlin)

Magnetic small-angle neutron scattering measurements were performed on nanostructured ferromagnetic
materials on the basis of Fe, Nai and Co, produced preferentially by the inert-gas condensation technique,
with the aim to determine the magnetic microstructure of mesoscopic small-particle systems.

The small grain size of nanostructured ferromagnetic
materials (i.e. materials with grain sizes in the
nanometer range), combined with a large fraction of
atoms located in interfaces, has multiple influences on
the magnetic properties: Firstly, the scale of the mi-
crostructure is in the range of the ferromagnetic ex-
change length with the consequence that the magnetic
properties of such systems become grain size de-
pendent. Secondly, the high fraction of interfaces and
their particular structure influence markedly the inter-
nal magnetic coupling.

We prepared nanostructured ferromagnetic materials
on the basis of Fe, Ni and Co preferentially by the
inert-gas condensation (IGC) technique, i.e. by evapo-
ration of the material in He atmosphere, collection of
the condensed clusters on a liquid nitrogen cooled
rotating cylinder and subsequent consolidation by
pressing. Since during the production process the
clusters tend to resorb non-noble residual gas atoms
(the basic pressure of the UHV recipient is about
5 107 Pa before filling the recipient with He), we obtain
a material with a two-phase structure, i.e. ferro-
magnetic grains embedded in an interfacial phase of
oxides which usually are antiferro- or ferrimagnetic.

We investigated systematically the magnetic micro-
structure of these systems as a function of grain size
and preparation parameters by means of small-angle
neutron scattering (SANS). SANS has the advantage
to reveal the local magnetic correlations on the
nanometer scale simultaneously with the microstruc-
ture of grains and interfaces. Moreover, in an external
magnetic field the anisotropic SANS data can resolve
the development of the magnetic correlations and the
magnetic alignment of the grains under the influence
of magnetic fields.

Since an antiferromagnet tends to align its spin axis in
a direction perpendicular to the external field the IGC
nanostructured materials show an interesting mag-
netic microstructure [1, 2]: The presence and the dis-
tribution of the antiferromagnetic phase leads to mag-
netic frustration effects as the spins of the ferromagnet
tend to rotate in the direction of the magnetic field, and
the spins of the antiferromagnet perpendicular to the
field direction. As a consequence, at intermediate
external fields between 0.8 and 1.5 kOe, we measure
a net magnetic component perpendicular to the exter-
nal field, i.e. SANS resolves localized regions where
the antiferromagnetic interphase together with the

ferromagnetic grains align perpendicular to the exter-
nal field direction (Fig. 1). These configurations have
spatial extensions larger than 30 nm. For external
fields larger than 3 kOe the overall ferromagnetic
alignment predominates. The perpendicular aligment
occurs only for samples with small grain sizes, i.e. for
samples with a high fraction of interfaces between the
ferromagnetic and the antiferromagnetic phase. On
the other hand, samples produced by ball milling, with
a smaller oxide content in the interfaces, do not show
this unusual perpendicular alignment [1, 2].

Moreover, we determined the size of the magnetic
correlations as a function of the grain size. The differ-
ence of the radial scattering cross section for H = 0
and for H = 10kOe gives a direct information about
the spatial range of the magnetic correlations in zero-
field. A first data evaluation shows a minimum of the
magnetic correlation length for grain sizes of about
30 nm, but an increase for smaller as well as for larger
grain sizes. The increase of the magnetic correlation
length for smaller grain sizes can be understood by
the random anisotropy model [3], which predicts that
the exchange interaction tends to align the magnetic
moments of neighboring grains parallel to each other
when the grain size is smaller than the ferromagnetic
exchange length.
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Fig. 1: Lines of equal SANS intensity (O<0.1 nm')

on a two-dimensional detector, for nanostruc-
tured Fe measured in zero magnetic field and
in external fields of 1.5 and 10 kOe. The hori-
zontal elongation of the scattering profile at
H = 1.5 kOe indicates a net magnet alignment
perpendicular to the external field.
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