
19 CH9700446

MAGNETIZATION BEHAVIOR OF NANOCRYSTALLINE SYSTEMS COMBINING
FERROMAGNETIC AND ANTIFERROMAGNETIC PHASES

J. Loftier, W. Wagner, H. Van Svygenhoven (PSI), J. Meier, B. Doudin, J.-Ph. Ansermet (EPFL)

The magnetic properties of nanostructured materials on the basis of Fe and Ni have been investigated with
a SQUID magnetometer, complementary to the small-angle neutron scattering study reported in the same
volume. Measurements of the coercive field in a temperature range from 5 to 300 K confirm the validity of
the random anisotropy model for our nanostructured systems. Furthermore, we obtain information about
the presence and distribution of the antiferromagnetic oxides, joining the ferromagnetic grains.

Magnetization measurements on nanostructured ma-
terials on the basis of Fe and Ni have been performed
as a function of grain size to obtain information about
the dominating magnetization processes in the differ-
ent grain size regimes [1]. For grain sizes smaller than
the ferromagnetic exchange length a hypothetical
domain, i.e. a region in which the magnetization is
uniform, contains many grains each with a different
magnetocrystalline anisotropy K. Providing an ex-
change coupling between neighboring grains, an
effective anisotropy <K> (which results from the aver-
age of each anisotropy K of the grains) affects the
magnetization process. Since the coercive field Hc is
related to the magnetocrystalline anisotropy we inves-
tigated systematically Hc as a function of grain size
and temperature.

Fig. 1 shows the coercive field as a function of grain
size for nanostructured Fe measured at a temperature
of 300 K. As a general trend we observe a steep
increase of the coercive field up to a critical grain size
of about 30 nm and a more shallow decrease for
larger grain sizes. The increase of Hc in the low grain
size regime is in accordance with the random anisot-
ropy model (RAM), which predicts an increasing effec-
tive anisotropy <K> with increasing grain size. The
decrease of the coercive field above a grain size of
30 nm indicates the upper limit of the range of the
validity of the RAM. The approximate 1/D behavior of
Hc for grain sizes over 30 nm is predicted for
magnetization processes dominated by domain wall
pinning. It should be mentioned that the magnetic
behavior in approach to saturation can also be
described by the RAM for the samples with small grain
sizes [1, 2].

The hysteresis loop did not reveal a discernible
anomaly. However, we observe an asymmetry and
broadening of the hysteresis (Fig. 2) when the material
was cooled in an external field of 20 kOe. This obser-
vation is explained by a two-phase structure of ferro-
magnetic grains embedded in an interfacial phase of
antiferromagnetic oxides [1, 3]. The shift occurred in
specimens which also show a net magnetic alignment
perpendicular to the external field direction (as meas-
ured by SANS, see related report) and vanished for
increasing grain size. This indicates that the interac-
tion between the ferromagnetic grains and the antifer-

romagnetic interphases has a dominating influence on
the magnetic microstructure on the nanometer scale.
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Fig. 1: Coercive field as a function of grain size

measured at 300 K. The solid line is a guide to
the eye visualizing a general trend in the data.
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Fig. 2: Center part of zero-field cooled and field
cooled hysteresis loops, measured at 5 K.
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