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The Cu70Co30 alloy was developed by a non-equilibrium method of “mechanical alloying”, from a mixture of
copper powder and pure cobalt. The nanostructured alloy Cu-Co with grains with a size of about 12 nm, has
different electromagnetic properties which are often superior to those of conventional solid alloy, because of the
critical size effect. In this work we are interested in the electromagnetic properties of the synthesized material.
Resistivity, eddy current and the magnetization evolution were studied. The frequencies selected for plotting the
diagram vary from 100 Hz to 100 kHz. To satisfy the Weiss condition, the excitation field must be of the same
order of magnitude as the field that characterizes the area of Weiss. For all prepared series, the evolution of the
magnetization as a function of milling time was analyzed. The influence of milling time on the resistivity variation
is shown.
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1. Introduction
The nanostructured materials continue to receive a

great attention in different fields of material engineer-
ing because of their outstanding physical, mechanical,
magnetic and chemical properties, which are different
from those of the coarse-grained counterparts [1–3]. Sig-
nificant progress has been made in developing several
processing techniques to prepare nanostructured mate-
rials. Mechanical alloying (MA) is one of these tech-
niques. MA is a solid state synthesis method to prepare
nanocrystalline alloy/compound powders by milling the
elemental powders in an appropriate ball mill. Extreme
local pressures and temperatures, engendered for a small
milling time during repeated ball-powder-ball collisions,
lead to the powdered materials transfer by diffusion and
eventually, to the formation of new phases which can-
not be obtained by other techniques of preparation [4–6].
In this study, the chosen composition is Cu70Co30, which
is quite different from all previous alloys in this system.

2. Experimental procedure
The Cu70Co30 alloy was prepared by MA from Cu

and Co elemental powders. A mixture of appropriate
amounts of Cu and Co powders was mechanically alloyed,
using a RETSCH PM400 ball mill with stainless balls,
under an Ar atmosphere, with the balls to powder weight
ratio of 20:1. Mechanical alloying was performed for sev-
eral processing times: 4, 8, 12, 24, 36 and 54 h, respec-
tively. The produced powders have been characterized
by the following techniques: eddy current measurements,
measurements of the electrical resistivity and magnetic
measurements. Eddy current measurement consists in
placing a conductive sample in a variable magnetic field.
It is then traversed by induced currents, called “eddy cur-
rents” [7]. Measurements of the electrical resistivity were
made using the four-point method. Magnetic measure-
ment allowed us to trace the hysteresis loops.

3. Results and discussion

3.1. Eddy current measurement

The impedance diagrams are shown in Fig. 1. Accord-
ing to this figure, one can classify the sample impedance
diagrams into two kinds:

• The first kind of impedance diagram is observed in
the first eight hours of milling. Such curve has the
same form as the impedance curve of pure copper
(the curve has a half-circle shape). We can conclude
that in this time interval the solid solution Cu-Co is
not yet formed and the mixture is inhomogeneous.

• In the samples milled longer then 12 hours, the
impedance curves are not close again due to the
increase of the resistive part, which is due to the
reduction of the crystallite size along with the in-
crease in number of joints in the grains.

Fig. 1. The impedance diagrams of Cu70 CO30 for dif-
ferent milling times.
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In general, the variation in the impedance of the fer-
romagnetic particles is proportional to the reduction of
the crystallite size, but as is well illustrated in Fig. 2
it is not the case in this alloy. This unexpected change
can be attributed to different changes due to mechani-
cal milling (agglomeration, particle morphology, internal
defects, etc.).

Fig. 2. Variation of the impedance as a function of
milling time in Cu70Co30.

3.2. Resistivity measurements

In this kind of alloy Cu70Co30, the majority of studies
have investigated the influence of milling on the mea-
surement of the magnetoresistance (measurement of the
resistivity in the magnetic field) [8–11]. The results of
measurement of the resistivity for Cu70Co30 alloy (which
take into account the sample thickness) are given in Ta-
ble I. The starting of milling causes an increase in electri-
cal resistivity. The evolution of the electrical resistivity
and grain size are shown in Fig. 3. The evolution of
the resistivity is inversely proportional to the grain size
evolution.

Fig. 3. Crystallite size and resistivity evolution as a
function of milling time for Cu70Co30.

The milling leads to the dispersion of magnetic element
(cobalt) in a non magnetic matrix (copper), which slows
the movement of the electron flow. The prolongation
of milling time generates structural defects that have a
proportional effect on the electrical resistivity.

TABLE I

The results of measurements of the resistivity.

Milling time [h] 0 4 8 12 24 36 54
Resistivity [µΩ cm] 1.5 3.63 2.5 4.46 3.85 3.5 8.16

3.3. Magnetic measurements

At the time of acquisition of the magnetic measure-
ments, it was noted that saturation is achieved more
quickly for the samples milled for longer time, compared
to the samples milled for shorter duration. The hysteresis
loop shown in Fig. 4 was expanded to obtain the values
of the coercive field. The hysteresis curves produced at
room temperature for the powders milled up to 54 hours
clearly have a ferromagnetic behavior. The magnetiza-
tion increases with the magnetic field and the saturation
is reached. The only plausible explanation is that the
alloy is a “homogeneous” ferromagnetic, because of the
importance of the fraction of cobalt present. A study of
each curve shows the presence of low coercivity in each
studied sample.

Fig. 4. The shape of the hysteresis curves recorded for
the sample milled for 24 h.

4. Conclusions

The impedance diagram has a curve shape which
is very different from that of solid materials. The
impedance curve of the nanostructured Cu70Co30 alloy
does not close because of the increase of the resistive part,
which is due to the decrease in crystallite size along with
the increase in number of grain junctions. Milling per-
mits the homogeneous distribution of the magnetic ele-
ments in the copper matrix, which slows the movement of
the electron flow. The prolongation of milling time gen-
erates structural defects that have a proportional effect
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on the electric resistivity. The magnetic measurements
show that the hysteresis curves obtained at room tem-
perature on the powders milled up to 54 hours clearly
exhibit ferromagnetic behavior. The magnetization in-
creases with the magnetic field and saturation of magne-
tization is reached. The only plausible explanation is that
the alloys are ferromagnetic and globally “homogeneous”,
because of the size of the fraction of these magnetic
elements.
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