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Electrical resistance of Niy,,,Mng;_,Sny; alloys
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The electrical resistance and structure of NisxMng7_xSni; alloys have been studied; where X =0, 1, 2, 3, 4,
At room temperature, NisxMns7_xSny; alloys are ordered in the cubic L2; Ni;MnSn structure characteristic of
Heusler alloys. The phase transition between the cubic austenite phase and martensite with lower symmetry,
characteristic of ferromagnetic non-stoichiometric Heusler alloys, is observed at temperatures below room
temperature. It was found that the partial replacement of Mn atoms by Ni atoms leads to an increase in the
phase transition temperatures and to their shift to room temperature.
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1. Introduction

Research of ,smart “ materials are becoming relevant at
the present time. ,,Smart® are multifunctional materials that
have a set of controlled physical characteristics. In such
materials, the controlled significant change in one or more
properties is observed in response to changes in external
conditions. The change in properties is reversible and can be
repeatedly reproduced under cyclic exposure to the external
environment. To date, the most well-known multifunctional
materials include Heusler alloys, which can have a shape
memory effect and the magneto-caloric effect (MCE). When
working with such alloys, it is possible to obtain the required
functional properties by varying the chemical composition of
the samples.

Ferromagnetic (FM) Heusler alloys are intermetallic com-
pounds ordered in a cubic L2; structure. It is known [1,2]
that FM Heusler alloys based on Ni-Mn undergo the
first-order phase transition between the low-temperature
martensitic phase and the high-temperature austenite phase,
which is accompanied by the sharp change in magnetization
and electrical resistance. In Nig7_xMnayxInj; (x =0, 1, 2)
alloys, this transition and large MCE values are observed
in the room temperature region, [3]. This makes these
alloys promising for use as a refrigerant. In the work [4],
Nisg_xMn3g xSnj; alloys, where X = 5, 6, 7, were studied.
From the temperature dependences of the magnetization
in weak fields, the characteristic temperatures of phase
transitions are determined: Ms and Mf — the beginning
and end of the martensitic transformation, As and A; —
the beginning and end of the austenitic transformation,
as well as the Curie temperature of the martensitic and
austenitic phases. It has been found that an increase in the
Mn concentration shifts the phase transition to the region
of low temperatures. In the studied concentration range,
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phase transitions are observed at temperatures below room
temperature.

The aim of this work was to search for Heusler alloys
based on Ni-Mn in which a large MCE is observed at room
temperature. For this, five Nisx1xMna7_xSnj; samples were
made, where x =0, 1, 2, 3, 4 The amount of tin did
not change, and nickel atoms partially replaced manganese
atoms.

The article is organized as follows. Section 2 describes
the experimental procedures used in this work.  Sec-
tion 3 investigates the structure and electrical resistance of
Nig1xMnyg7_4Sn;; alloys, where X =0, 1, 2, 3, 4. The last
section is devoted to conclusions.

2. Experimental part

Nigo+xMnyg7_xSnj; alloys, where X =0, 1, 2, 3, 4, were
smelted in an arc furnace in the atmosphere argon. The
obtained ingots were annealed in the quartz flask in the
helium atmosphere at temperature of 1100 K for 96 h. The
annealing was not carried out continuously, with cooling
to room temperature for about 11hours and subsequent
heating to 1100K for a time of about 13h. At the end
of annealing, water quenching was carried out. The ingots
were cut by the electric spark method. Then powders were
prepared for X-ray diffraction studies. Electrical resistance
measurements were carried out by the standard four-contact
method at the constant switched current of 25mA in the
heating mode and subsequent cooling in the temperature
ranges below room temperature from 77 to 340K and
above room temperature from 290 to 1100 K.

Analysis of the chemical composition of the alloy was
carried out using an electron scanning microscope with an
FEI Inspect F field emission cathode and the GENESIS
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Spectrum attachment (Inspect F, FEI Company) with an
EDAX spectrometer.

The structure of the alloy was studied by the Department
of X-ray diffraction analysis of the Center for Collective Use
of the M.N. Mikheev Institute of Metal Physics, Ural Branch
of Russian Academy of Sciences using the ,Empyrean
high-resolution X-ray diffractometer (manufactured by PAN-
alytical) in copper filtered radiation by scanning with the
step of 0.02° at room temperature in the angle range
from 20 to 100 deg. Primary processing and calculation of
parameters were carried out using the HighScore Plus 4.1
software package.

3. Results and discussion

The analysis of the chemical composition of the ingots,
carried out using an electron scanning microscope before
ordering annealing, showed that the chemical composition
corresponds to the nominal one. The surface of the
ingots is quite homogeneous. Ordering annealing at 1100 K
for 24hours led to the appearance of small areas with
Mn content above 90%, then ordering annealing at 1100 K
for 96 h led to a decrease in these areas or to disappearance.

Figure 1 shows X-ray diffraction patterns of
Nigo+xMnyg7_xSn;; alloy samples, where x =0, 1, 2,
3, 4. The observed diffraction peaks are related to the
FCC-phases of Ni;MnSn (on the order of 50%) and MnNi.
Partial replacement of Ni atoms by Mn atoms leads to
a decrease in the fraction of the Ni;MnSn phase in the
bulk of the sample and, accordingly, to an increase in the
fraction of MnNi.

The temperature dependences of electrical resistivity of
Nigo+xMny7_xSnj; alloy samples at temperatures from 77
to 1100K are shown in Fig. 2. For all samples at tem-
peratures below room temperature, features are observed
that probably indicate a structural phase transition of the
first order, accompanied by hysteresis inherent in similar
alloys of nonstoichiometric composition Ni-Mn-X (X = Ga,
In, Sn, Sb) [3-5].

In the entire temperature range above the detected
features, a positive TCR (temperature coefficient of resis-
tance) is observed. However, the increase in resistivity
with increasing temperature differs from the linear one
characteristic of metals. As can be seen in Figs. 2 and 3, the
so-called saturation effect is observed. The latter consists
in the fact that a negative curvature of the temperature
dependence of the electrical resistance is observed, i.e., TCR
decreases with increasing temperature. This phenomenon
has been observed in various alloys, in particular Ni3sMn,
and may be due to the approach of the mean free path to
the value of the interatomic distance [6].

For the NissMngeSn;; sample, during cooling at a
temperature of about 460K, a peculiarity in the form of
an inflection, is observed in the temperature dependence
of the electrical resistance. When heated, this feature is
not observed. The rate of heating and cooling does not
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Figure 1. X-ray diffraction patterns of NigxMns7_xSn;; alloy
samples, where x =0, 1, 2, 3, 4.

affect the observation of this phenomenon. The temperature
dependence of the electrical resistance and TCR of the
NigzMnyeSn;; alloy at high temperatures is shown in Fig. 3.
As a rule, similar features (denoted by a vertical line) on
the temperature dependences of the electrical resistance
associated with structural and magnetic transformations
are observed both during heating and cooling.  The
electrical resistivity value coincides with repeated heating
up to 1100K and subsequent cooling. This indicates that
ordering annealing for 4 days led to the achievement of an
equilibrium structural state.

Temperature dependence of the electrical resistance of
a NigzsMnyeSn;; alloy sample at low temperatures from 77
to 300K is shown in Fig. 4. The work [7] presents the
results of measurements of the temperature dependence of
the magnetization and heat capacity of the NigzsMnyeSny;
alloy in various magnetic fields. The sample was annealed
at 1073K for 24h followed by quenching in water. The
austenite-martensite phase transition, accompanied by a
jump in heat capacity, was observed at temperatures of
200K and below, and the transition temperature decreased
with increasing magnetic field.

As can be seen in Fig. 2, for the NiggMn43Sn;; sample,
upon cooling from high temperatures, the curve of the tem-
perature dependence of the electrical resistance intersects
the curve upon heating approximately at 350 K. The slope
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of the curve is flatter than for other samples. For this
sample, the peaks related to the MnNi phase become more
distinct on the X-ray diffraction pattern, and, accordingly,
the amount of this phase is maximum. The probable
temperatures of the beginning and end of the austenitic
and martensitic transformation, determined by the tangent
intersection method, are shown in Fig. 5. It can be seen that
an increase in the Ni concentration leads to an increase in
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Figure 2. Temperature dependences of electrical resistance of
NisxMng7_xSny; alloy samples, where X =0, 1, 2, 3, 4 from 77
to 1100 K.
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Figure 3. Temperature dependence of the electrical resistance

and TCR of a NissMn4sSn;; alloy sample at high temperatures

from 300 to 1100 K.
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Figure 4. Temperature dependence of the electrical resistance
of a NigsMnysSn;; alloy sample at low temperatures from 77 to
300K.
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Figure 5. Concentration dependence of characteristic tempera-
tures of phase transformations of NisxMns7_xSny; alloy samples,
where X =0, 1, 2, 3, 4 Ms and Mt — temperatures of the
beginning and end of martensitic transformation, As and A; —
temperatures of the beginning and end of austenitic transformation.

the phase transition temperatures. For an alloy with X = 4,
the phase transition is observed at room temperature.

If the study of magnetic properties reveals high values of
the MCE in these alloys, as was found in [3-5,8], this alloy
may be promising for use as a cooling agent.

4. Conclusion

Conducted research have shown that NigyxMng7_xSny;
alloys, where x =0, 1, 2, 3, 4, are ordered in cubic
L2, structure, consist of a mixture of two phases: Ni;MnSn
(about 50%) and MnNi. The increase in X leads to a
decrease in the amount of the Ni;MnSn phase and the
increase in the amount of the MnNi phase. This is
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accompanied by the increase in the probable temperatures
of the first-order phase transition austenite—martensite and
their shift to room temperature. The selection of such a
composition was the goal of this work. Further studies of
the magnetic properties of these alloys are advisable from
the point of view of searching for materials with a high
MCE value in the room temperature region.
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