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ABSTRACT
Emitted magnetic noises were measured in single crys-
talline Ni49Fe18Ga27Co6(at.%) ferromagnetic shape mem-
ory alloys during austenite-martensite first order phase
transformation driven by heating and cooling. In this alloy
the magnetization of the martensite phase is lower than
that of the austenite phase, thus during the transformation
the magnetization undergoes an abrupt change, similar to
metamagnetic transformation. In my presentation I will
first show that the statistical characteristics of the emitted
magnetic noise are different from those measured in ferro-
magnetic Ni2MnGa single crystals (magnetic emission was
measured only in this alloy so far): i) the critical exponents
of the noise distributions and the scaling law are different,
ii) in contrast to Ni2MnGa, the corresponding critical
exponents of the acoustic and magnetic noises are different.
These differences, besides the difference in the mode of
phase transformation (single interface transformation in
homogeneous Ni49Fe18Ga27Co6 sample and formation of
many needles in Ni2MnGa) are most probably also related
to the fact that the change in the magnetic properties of the
austenite and martensite is different in the two alloys com-
pared. Secondly an interesting effect of the presence of the
γ -precipitates will be demonstrated. The presence of nano-
sized γ -particles increased the noise activity and resulted
in bipolar magnetic noise in contrast to mostly unipolar
signals observed in homogeneous sample. Application of
moderate external magnetic field (up to 34 mT) decreased
the bipolar nature of the noise. The presence of nano-
sized precipitates resulted in more fine steps of the jerky
motion of the interface and caused barriers against of easy
development of the magnetic structure of the ferromagnetic
austenite. For understanding the details of the effect of the
external magnetic field further investigations are necessary.
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INTRODUCTION
It is known that during martensitic transformations the
motion of phase boundaries is not smooth, but has a jerky
character (stop-and-go motion). Thus acoustic and thermal
noises (e.g. in the form of separate peaks on Differential

Scanning Calorimeter runs) can be obtained [Bolgar, 2016].
In addition, magnetic noises can also be detected and from
the statistical analysis of noises and of time correlations
of these noise signals important statistical information can
be obtained on the nature of the transformation itself (e.g.
on the magnetoelastic coupling) and on the details of the
change of magnetization during martensitic transformation
between two ferromagnetic phases [Toth, 2016].

MATERIALS AND METHODS
The investigated Ni49Fe18Ga27Co6(at.%) samples had dif-
ferent preliminary heat treatments, as it is shown in Table
1. The magnetic noise measurements were carried out in
a small external magnetic field (7.4 mT) paralell with the
longitudinal axes of the samples. The cooling/heating rate
was 5 K/min.

Sample Heat treatments Size of the γ-phase
1 no heat treatment -
2 1373 K, 25 min 5-15 µm
3 1373 K, 25 min, 823 K, 30 min 5-15 µm + 150-300 nm
4 1373 K, 25 min, 673 K, 60 min 5-15 µm + 5-20 nm

Table I: The preliminary heat treatments and the mi-
crostructure of the investigated NiFeGaCo samples

RESULTS
The measured magnetic noise parameters follow the power-
law:

P(x)∼= x−β exp(−x/xc), (1)

where β is the critical exponents and xc is the exponential
cutoff. The calculated critical exponents of the amplitude
and energy distributions (α and ε , respectively) for the
different samples are summarised in Table 2 [Bolgar, 2018].
The exponents have a small heating/cooling asymmetry
[Beke, 2018]. The exponents fulfil the well-known scaling
rule (α-1)/(ε-1)=z with z< 2 [Planes, 2013]. The calculated
exponents are differents from the exponents calculated from
the acoustic emission measurements on the same samples.
Figure 1 shows the effect of the external magnetic field on
the emitted magnetic noise in sample 2 and 3. It can be
seen, that while the larger field has practically no effect
in the case of sample 2, in sample 3 the original bipolar
nature of the signal is tended to decrease.



Sample α cooling α heating ε cooling ε heating
1 2.5 2.3 1.7 1.6
2 1.8 2.0 1.5 1.6
3 2.6 3.0 1.8 1.9
4 3.0 3.5 1.8 2.3

Table II: The calculated critical exponents
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Figure 1: Magnetic noise signals in the different samples
at two different external magnetic fields [Bolgar, 2018]

CONCLUSION
In conclusion we have shown that the characteristics of the
emitted magnetic noise in Ni49Fe18Ga27Co6 single crystals
are different from those measured in Ni2MnGa: i) the
critical exponents and the scaling law are different ii) the
energy and amplitude exponents are different for AE and
ME, in contrast to [Toth, 2016], where they were very
similar to each other. These are related to the different ways
of the transformation. In addition an interesting effect of
the presence of the nano-sized γ-precipitates was detected:
these resulted in a bipolar character of the emitted noise
packages. This bipolar character showed a gradual change
to unipolar one with the application of increasing small
external magnetic field. This is qualitatively explained
by the magnetoelastic coupling: above certain field value
the larger field results in such a martensite variant strip
structure in which the magnetization of the martensite is
larger and during the phase transformation more similar
magnetization jumps are observed. In order to understand
the final details a new setup should be constructed and
the effect of different external magnetic field should be
investigated. [Bolgar, 2018]
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