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The crystal structure and phase transition in Heusler alloys were investigated by means of structure analysis and magnetism
measurements. The result shows that the NissMns2C04Snhy; alloy have a large magnetic entropy change of 40.0 J/kg K at the
temperature about 255 K under a magnetic field changing from 0 to 30 kOe. The refrigerant capacity values of the first-order
and second-order phase transition under an applied field changing from 0 to 30 kOe are also discussed. The different
external magnetic field influence on the phase transition temperature of about 3-4 K, ranged to the low temperature.
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1. Introduction

Martensitic transformations are solid-state first order
structural phase transformations which are displacive,
diffussionless and dominated by the strain-energy arising
from shear-like displacements. In 1997, the discovery of
the giant magnetocaloric effect (MCE) at room
temperature in GdsSi,Ge, [1] offered a promising
development of economical and enviromental-friendly
magnetic refrigerants working at near room temperature.
More recently, the so-called inverse MCE has been
observed near room temperature in martensitic Ni-Mn-Sn
Heusler alloys [2] which cool in a magnetic field applied
in the martensitic state. For better understand the
mechanism of these materials and to design magnetic
shape memory materials, a priority program entitled
"Change of microstructure and shape of solid materials by
external magnetic fields", was supported by the Deutsche
Forschungsgemeinschaft (SPP1239) has been established
in 2006[3].

In the case of Ni-Mn-Sn system, the austenitic phase
has a cubic L2; structure, like the Ni-Mn-Ga alloys [4],
whereas the structure of the martensitic phase can be 10M,
14M, L1, 40 depending on composition [5-7]. The
characteristic temperatures in ferromagnetic shape
memory alloys (FSMASs) of martensitic start temperature
(Ms), martensitic finish temperature(Ms), austenitic start
temperature(As), and austenitic finish temperature(A;)) are
all very sensitive to the composition. It was reported that
the martensitic transition (MT) temperatures increase with
the increasing value of valence electron density (e/a),
which was further confirmed by the experimental results in

Co, Fe, Ge, B, Al, Si and Cu doped Ni-Mn-Sn alloys
[8-20].

In this work, we substituted Mn with Co in
NiszsMngCosSnyy  alloys, and investigated the phase
transition and magnetocaloric effect in these alloys. The
different external magnetic field influence on the phase
transition temperature also investigated.

2. Experimental

The polycrystalline ingots of nominal compositions
NiszzsMny,Co,Snyy alloys were prepared by arc melting the
required amount of constituent high purity elements
(99.98% purity) in a cold copper crucible under argon
atmosphere. For homogenization, the samples were flipped
and re-melted. The ingots were cut into small pieces and
annealed at 1173 K for 48 h in vacuum quartz tubes, then
guenched in ice water. Microstructure and elemental
compositions of the samples were investigated by field
emission scanning electron microscopy (FE-SEM, Hitachi
S-4800) attached with an X-ray energy dispersive
spectroscopy (EDS, Thermo System 7) setup. The crystal
structure of the sample was analyzed using Panalytical
X'Pert PRO type X-ray diffractometer with Cu Ko
radiation at room temperature. The magnetic properties
were measured using a Quantum Design's multi-use
vibrating sample magnetometer VersalLab system under a
magnetic field up to 30 kOe.
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3. Results and discussion

Fig. 1 shows the XRD patterns of Nis;Mns,Co,Snyg
alloys at room temperature. The diffraction peaks in the
samples were indexed. All the peaks correspond to the
Heusler L2; cubic structure, indicates that the samples are
in austenitic phase and the MT temperatures are below
room temperature.
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Fig. 1. The XRD patterns of Ni;3sMn,»,Co,Sny; alloys

at room temperature.
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The temperature dependence of the magnetization
M-T curves for the NigsMn,,Co,Shy; alloys were measured.
Fig. 2 shows M-T curves for NigsMn4,Co,Sny; on heating
and cooling in a magnetic field of 10 Oe and 1 kOe. A
thermal hysteresis about 20 K is obviously observed
around the MT temperature, while no thermal hysteresis is
observed near the Curie temperature of austenitic phase
(T%.). Between the martensitic transition and the reverse
martensitic transition, there is an obvious thermal
hysteresis, which is attributed to a first-order structural
transition. The Ms at about 248 K, M; at about 225 K, As at
about 246 K, and A; at about 266 K, which are estimated
from M-T curves.
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Fig. 2. (Color online) The temperature dependence of magnetization M-T curves for Ni;3sMn,»,Co,Sny; alloys on
heating and cooling under a magnetic field of 10 Oe (a) and 1 kOe (b).

Isothermal ~ magnetization curves M-H  for
NigsMngCo,Sny;  alloys were measured near the MT
temperatures. Fig. 3 show the M-H curves for
Nig3sMny,Co,Sny; with a field up to 30 kOe. The typical
metamagnetic behavior, due to the field-induced MT, can
be observed in this plot. The magnetization changed about
80 emu/g, within the temperature about 20 K. The
metamagnetic character in the M-H isotherms is associated
with a field-induced reverse martensitic transformation
from a low magnetization martensitic state to a higher
magnetization austenite state.

M (emu/g)

T T T T T T
10000 15000 20000 25000 30000 35000 40000

H (Oe)

T T
0 5000

Fig. 3. (Color online) Isothermal magnetization curves of
Niz;zsMn4,Co,Sny; alloys measured in various temperatures.
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The MCE ASy was calculated from the isothermal
magnetization curves using the Maxwell equation[21]:

ASM(T,H):’[OH(WJ dH

The temperature dependence of ASy, in applied fields
(4H) of 10, 20 and 30 kOe for NissMny,Co,Sny; are show
in Fig. 4. The maximum values of ASy, is 40.0 J/kg K for
applied field at 30 kOe. Even at the (4H) of 10 kOe, we
still get the ASy of 12.6 J/kg K.

40 4 A -#— 10 kOe
A ® 20 kOe
[\ 4 30kOe
| A
_ 304 4
X fas )
o [ R\
< | \
= [ L
2 ®1 #4 1
‘g / \
4 \
® n A
104 /
Ad of ™ &
X A
‘A... Ll -:
Adge
0+ t ..".'=". .". 6o

2;0 2‘;5 25’:0 2;5 ZéO 2(‘55 2;0
Temperature (K)
Fig. 4. (Color online) The temperature dependence of
ASy in the magnetic field of 10, 20, and30 kOe for
Niz3sMn,,Co,Sny; alloys.

In order to better study the applied magnetic field
influence of the phase transition temperature of the alloy,
the phase transition temperature range of different applied
magnetic field have been tested. Fig. 5 shows the
temperature dependence of magnetization M-T curves for
NigsMng,Co4Sny; alloy on heating and cooling under
magnetic field of 10, 20, and 30 kOe. The different
external magnetic field influence on the phase transition
temperature of about 4-5 K/10 kOe, ranged to the low
temperature. The study for further promote the application
of magnetic refrigeration is a useful attempt.
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Fig. 5. (Color online) The temperature dependence of

magnetization M-T curves for NiysMng,Co,Sny; alloy on

heating and cooling under magnetic field of 10, 20, and
30 kOe.
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Isothermal ~ magnetization curves M-H  for
NigsMn,,Co,Sny; alloy were measured near the Curie
temperature of austenitic phase (T*.). Fig. 6 show the M—H
curves for NigizsMng,Co,Sny; with a field up to 30 kOe. The
magnetization changed about 30 emu/g, within the
temperature changed about 40 K.
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Fig. 6. (Color online) Isothermal magnetization curves of
Niz;3sMn4,Co,Sny; alloy measured in various temperatures
at near the TA,.

The temperature dependence of AS in applied fields
(4H) of 10, 20 and 30 kOe for NigMngCouSny; are
showed in Fig. 7. The maximum values of AS is -2.85 J/kg
K for applied field at 30 kOe. Even at the (4H) of 10 kOe,
we still get the AS of -1.2 J/kg K.
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Fig. 7. (Color online) The temperature dependence of AS

at near the Curie temperature of austenitic phase (T, in

the magnetic field of 10,20, and30 kOe for
NizzMng,Co,Sny, alloy.

The refrigerant capacity (RC), an important parameter
to evaluate MCE, which is a measurement of the heat
transferred between the cold and hot reservoirs
in an ideal refrigeration cycle [22,23]. RC values are
usually determined by numerically integrating the ASy
-T curves over the full width at half maximum. With the
field changing from 0 to 30 kOe, the RC value of
NigsMn,,Co4Sny; alloy of the first-order transition and
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second-order transition are 121.8 J/kg and -152.3 J/kg.

4. Conclusion

The component dependence of MT and A4Sy in
NigsMn4,Co,Sny; alloy were investigated. The large A4Sy in
a low field of 10 kOe, and 20 kOe were 12.6 J/kg K and
27.1 J/kg K, and a large magnetic entropy change of 40.0
J/kg K obtained in a field changing from 0 to 30 kOe. The
large magnetic entropy change can be ascribes to the
abrupt change of magnetization in the vicinity of MT
temperatures. The large ASy, adjustable MT temperatures,
and the low cost suggest NiziMngCosSny; alloy as
promising working substances for magnetic refrigeration.
With the field changing from 0 to 30 kOe, the refrigerant
capacity(RC) value of Niz;MngCosSny; alloy for the
first-order and second-order phase transition are 121.8 J/kg
and -152.3 J/kg.
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