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Influence of ball milling on structure and magnetotransport

of chromium dioxide granules
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Due to the great potential for application in spin
electronic devices, high spin-polarized materials
have attracted considerable interest in recent years,
theoretically and experimentally [1, 2]. Chromium
dioxide is an ideal candidate for spin-polarized elec-
tron tunnel junctions, as it is a half-metallic ferro-
magnet having a Fermi surface in one spin band
and a spin gap for the opposite spin direction [3].
Since the discovery of large negative magnetoresis-
tance (MR) in polycrystalline films and powder com-
pacts of CrO;, many efforts have focused on the in-
vestigation of transport mechanism and fabrication
techniques [4, 5]. However, the enhanced extrinsic
MR can be interpreted in terms of a spin dependent
tunneling mechanism, such as in LaSrMnQOj3, CrO; and
Fe;04 [6-8]. Therefore, the interface and grain bound-
ary are significantly responsible for the origin of the
low field MR. Up to now, there has been relatively little
knowledge about the correlation between grain size and
magnetotransport properties of acicular half-metallic
CrO; particles. Thus, the aim of this letter is to study
the influence of ball milling on size and crystal struc-
ture of CrO, grains, and to investigate the electrical,
magnetic and magnetotransport properties.

The CrO, starting powders (99.5%) were supplied
by Micro Magnetics Inc., USA. Ball milling was car-
ried out in a polyflon vial with agate balls. Discs with
a diameter of 15 mm and thickness of 2 mm were
cold pressed at 1 GPa. Transport properties were mea-
sured with a standard four-probe technique at 4 K,
77 K and room temperature, and the contact points
were made with silver paste. The average size of the
grains from the width of the (110) line was estimated
by means of the Scherrer formula Dy = kA /B cosé,
where Dyy is the diameter of the particles, k is a con-
stant and g is the full width at half maximum (FWHM)
of the diffraction peaks. The granules are of acicu-
lar shape, as observed using transmission electron mi-
croscopy (TEM). The mean length of the granules is
about 410 nm, and the diameter is roughly 30.2 nm.
Magnetic measurements were performed using a
Riken Denshi BHV-55 vibrating sample magnetometer
(VSM).
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Fig. 1 shows X-ray diffraction patterns for the start-
ing particles and the ball-milled particles. It is observed
that all the diffraction peaks of CrO, are shifted to lower
angles with increasing milling time. This shift is related
to lattice expansion of CrO,. The experimental results
indicate that the cell parameter gradually enlarges with
increasing milling time, as shown in Fig. 2. This may
be attributed to the reduction of the Cr ion during the
milling process, due to the formation of a metastable
compound of CrO, with the chemical valence 4+ of
Cr ion. The reduction of the valence of Cr ion leads to
the increase of ionic radius and cell parameters. Similar
results have also been observed by Wang [9]. The (110)
peak not only shifts slightly toward lower angles, but
spreads gradually with milling time. This reflects the
change of grain size. Hence, the grain size, calculated
using Scherrer formula for the (110) peak, is also dis-
playedin Fig. 2. The Do reduces from 21.9to 15.8 nm.
This change is in rough accord with the observation by
TEM.

Fig. 3 shows the dependence of the resistivity p and
specific magnetization o5 on milling time at room tem-
perature. Itis found that the resistivity increases sharply
over two orders of magnitude over 50 h of milling time.
Subsequently, the samples show slowly increasing re-
sistivity with milling time. This can be interpreted in
terms of the reduction of particle size and the increase
of specific surface area. However, the reduction of oy
is remarkable within the initial 50 h, and then exhibits
no significant dependence on milling time. The change
of oy may originate from the lattice expansion and
magnetic dead layer on the surface of CrO, particles
[10].

Since the logarithm of the resistivity at a certain tem-
perature is inversely proportional to the grain size, this
implies that the tunneling barrier thickness increases
with decreasing grain size. Ballcells [11] has demon-
strated that the intergranualr tunneling MR is found to
increase with decreasing grain size with constant spin
polarization. Here, however, the results indicate that
a decrease in MR is found with a decrease in parti-
cle size. The MR ratio versus milling time curve is
illustrated in Fig. 4, where the MR ratio is defined as
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Figure 1 XRD patterns of CrO;, powder after ball milling.
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Figure 2 The variation of grain size and cell parameter of CrO; grains
with ball milling time.
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Figure 3 Dependence of the resistivity (o) and the specific magnetiza-
tion (o;) of the CrO, powder compacts on milling time.

MR = (R, — Ry)/Rn where Ry, and Ry are resistance
at 0.7 T and in an applied field, respectively. No signifi-
cant orientation dependence is observed in any samples.
It is worth noting that the MR ratio declines monoton-
ically with milling time, and that the decreased MR is
apparently associated with a change in grain size. How-
ever, the intergranular tunneling MR may be generally
attributed to two factors: the tunneling barrier, formed
by the interface between particles, and the spin polariza-
tion of CrO; grains. Thus, ball milling leads to a change
in the barrier between particles due to the change of
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Figure 4 The variation of the magnetoresistance (MR) of CrO; grains
with ball milling time. The inset is the magnetoresistance as a function
of applied field at 4 K and 77 K for the sample milled for 8 h.

size and surface nature of the particles. Furthermore,
the increased barrier height of CrO, grains should have
enhanced the MR effect [12]. The experimental results
however are beyond expectation, and the reduction of
MR may be mainly attributed to the decrease of spin po-
larization of CrO, grains. The oxygen deficiency and
the change of average chromium valence may cause,
the lattice expansion which may give rise to a change
in spin-polarized state away from the ideal high spin
polarization. Kdmper [13] has indicated that spin po-
larization is closely related to the structural disorder
induced during ball milling. Slight disorder may arise
from the lattice expansion and decrease in crystallinity.
In addition, the spin-polarization is proportional to the
surface magnetization.

The plots showing MR as a function of field reveal
that at T =77 K and T = 4 K, a typical butterfly shape
curve can be seen for the sample milled for 8 h (see the
inset of Fig. 4). It is noted that the MR is sensitive to
the applied field within 0.2 T. There is consensus that
the low field MR is due to spin-polarized tunneling be-
tween grains with different orientations. From 4 K to
77 K, the magnitude of MR drops steeply from —23 to
—5% at a lower applied field of 0.7 T. The temperature
dependence of MR can be explained with an intergran-
ular tunneling model [14], which suggests that the inter-
granular contacts are mostly tunnel barriers, rather than
metallic point contacts. The model predicts that the spin
dependent tunneling effect is inversely proportional to
increase in temperature. In the tunneling transport sys-
tem, however, an important interpretation of decreasing
MR is in terms of the decay of spin-polarization with
increasing temperature.

In conclusion, a lattice expansion occurs during ball
milling. This leads to a decrease in the specific mag-
netization. The low field magnetoresistance (MR) de-
creases with increasing milling time, which may be
attributed to the lattice expansion and the reduction of
spin polarization of CrO,. However, the grain size af-
fects the resistivity, due to the increase of specific sur-
face area and changes to the surface nature of CrO,
grains.
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