
Vol. 127 (2015) ACTA PHYSICA POLONICA A No. 2

Proceedings of the European Conference Physics of Magnetism, Pozna« 2014

A Comparative Studies of Magnetocaloric E�ect in

Ni-Mn-Cu-Ga and Ni-Mn-Pb-Ga Alloys

K. Sielicki*, R. Wróblewski, M. Leonowicz
Faculty of Materials Science and Engineering, Warsaw University of Technology,

Woªoska 141, 02-507 Warszawa, Poland

E�ect of Pb substitution for Cu on magnetocaloric properties of Ni2Mn1−xCuxGa (x = 0.25, 0.27, 0.29) alloy
was investigated experimentally. The magnetic measurements of Ni-Mn-Pb-Ga alloys conducted at low �eld of
4kA/m (50 Oe) showed that their Curie points are above the room temperature (RT). The analysis of isothermal
magnetic curves allowed the estimation of magnetic entropy change (∆SM). The highest calculated value of
|∆SM|, ≈ 12 J/(kgK) and ≈ 1.8 J/(kgK), was registered for alloys containing 6.25 at.% of Cu and 6.75 at.% of
Pb, respectively. The adiabatic temperature changes (∆T) measured near RT are ≈ 0.4 K.
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1. Introduction

Magnetocaloric e�ect occurs in all ferromagnetic mate-
rials due to the interdependence of the thermal and mag-
netic e�ects. Such e�ects are commonly induced by ap-
plication or removal of the magnetic �eld and expressed
by the entropy change for the isothermal process [1]. The
�rst who measured the �eld induced temperature change
were Weiss and Piccard. In 1917 they reported the re-
versible temperature change of 0.7 K when applying a
�eld of 1200 kA/m (1.5 T) to the nickel sample near the
Curie temperature (354 ◦C) [2]. They also named the
phenomenon � their publication title was �Le phénomène
magnétocàlorique�. What they observed was that the
magnetocaloric e�ect [MCE] is reversible and reaches its
maximum near the Curie temperature.

In recent years, discovery of a giant magnetocaloric
e�ect [3] has stimulated basic and applied interest in
the development of new materials, which can be use-
ful for room-temperature magnetic refrigeration. A new
interesting class of materials are ferromagnetic Heusler
alloys based on the X2YZ formula. Those alloys un-
dergo a structural (martensitic) transition which involves
a change in both structural and magnetic properties [4].
In 2000's it was discovered that these materials show
also interesting magnetocaloric properties in the vicin-
ity of the martensitic (TM) and magnetic (TC) tran-
sition. Optimum magnetocaloric properties are shown
when both, the martensitic and ferromagnetic transi-
tions, are close to each other [5]. Both temperatures, TM

and TC, can be adjusted by tailoring the chemical com-
position. Replacing Mn with Cu in Ni2Mn1−xCuxGa, re-
sulted in coincidence of the two transition temperatures
(TM = TC = TMC), for x = 0.25 [6].
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In this paper e�ect of Pb substitution for Cu on magne-
tocaloric properties of Ni2Mn1−xCuxGa (x = 0.25, 0.27,
0.29) alloy was investigated.

2. Experimental

Two series of Ni-Mn-Cu-Ga and Ni-Mn-Pb-Ga alloys
were prepared by induction melting of pure elements in
argon atmosphere. After casting the ingots were homog-
enized at 1083 K for 48h and slowly cooled with the fur-
nace.
Chemical composition of the specimens was checked

using the energy dispersive spectroscopy (EDS) tech-
nique.
Magnetic properties and transformation temperatures

was measured using the LakeShore 7410 vibrating sam-
ple magnetometer (VSM), equipped with a cryostat, at
a magnetic �eld H = 4 kA/m (0.005 T) in the temper-
ature range of 200�400 K. Heating and cooling rate of
≈ 2 K/min was applied.
The magnetic entropy changes (∆SM) were calcu-

lated using the experimentalM(T ) curves and integrated
Maxwell relation

∆S(TH) = µ0

∫ H

0

(
∂M

∂T

)
H

dH. (1)

The �eld induced temperature changes (∆T ) were
recorded in direct measurement near room temperature
(RT) at H = 1600 kA/m (2 T) using quasi-adiabatic
regime.

3. Results and discussion

Two series of alloys having the following composition
Ni50Mn25−aXaGa25 (a = 6.25, 6.75, 7.25), with X = Cu,
Pb, were prepared. The study of the chemical compo-
sition showed that after metallurgical process the alloys
composition slightly changed in comparison to the nom-
inal values. The manganese content decreased by 1�2%
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and gallium concentration increased by the same value.
The nickel content was close to the nominal concentra-
tion in all the alloys.
The transformation temperatures TM and TC,

recorded at H = 4 kA/m for the Ni50Mn25−aCuaGa25
and Ni50Mn25−aPbaGa25 alloys are shown in Fig. 1a and
b, respectively.

Fig. 1. Magnetization versus temperature for
a) Ni50Mn25−aCuaGa25, b) Ni50Mn25−aPbaGa25
alloys, H = 4 kA/m.

One can see that the Pb substitution for Cu increased
magnetization value for all alloys. Such behaviour is re-
lated with Mn atoms which are magnetic moment carri-
ers in Heusler alloys [7]. Experimental studies show an-
tiferromagnetic order in both L21 and B2 Heusler alloys
structure [8]. Antiferromagnetism is more favorable in al-
loys which have B2-type crystal structure due to smaller
interatomic Mn-Mn distances. Using nonmagnetic ele-
ment, such as Cu or Pb, increases the Mn-Mn distance,
providing ferromagnetic order and increasing of magneti-
zation at the martensitic state. Using element with big-
ger atomic radius (rPb > rCu) provide increase distances
between Mn atoms which results in increase of magneti-
zation. The Pb substitution also slightly decreased the
Curie points towards the room temperature, but dramat-
ically decreased transformation temperature below RT.
The |∆SM| values calculated for Ni-Mn-Cu-Ga and Ni-

Mn-Pb-Ga alloys are shown at Fig. 2. As we can see
the values reach up to 10�12 J/(kgK) for alloy with Cu
content (Fig. 2a�c), however the peaks are very narrow.
This phenomenon is a result of overlapping both tran-
sition temperatures and gives a Curie transition (rapid
loss of magnetization) the nature of �rst-order transi-
tion [6]. As we can see Pb substitution de�nitely de-
creased value of magnetic entropy changes. The Pb sub-

stitution leads to separating both transition tempera-
tures (Fig. 2d�f) which results in signi�cant decreases
of magnetic entropy changes, down to ≈ 1.4 J/(kgK) for
alloy with 6.25 at.% Pb content. This separation can be
observed as two peaks of entropy changes corresponding
to both transitions (Fig. 1b). The highest entropy change
≈ 1.8 J/(kgK), was recorded for alloy with 6.75 at.% of
Pb at Curie temperature.

Fig. 2. Magnetic entropy changes calculated for
Ni50Mn25−aCuaGa25 a) 6.25, b) 6.75, c) 7.25 at.% and
Ni50Mn25−aPbaGa25 d) 6.25, e) 6.75, f) 7.25 at.% al-
loys.

Analysing obtained result shows that neither of pre-
pared alloys has transformation temperatures in close
vicinity of room temperature. The ∆T measurement
at H = 1200 kA/m show that only two alloys �
Ni50Mn18.75Cu6.25Ga25 and Ni50Mn18.75Pb6.25Ga25 �
revealed a signi�cant temperature change at RT (Fig. 3
a&b, respectively). Other samples exhibited very small
temperature change just little over 0.1 K per cycle
(magnetization-demagnetization). This phenomenon is
corresponding with values of magnetic entropy change.
Alloys with Cu content shows large ∆SM but the peaks
are above the RT. The Ni50Mn18.75Cu6.25Ga25 alloy ex-
hibits highest entropy change value at 308 K. Our exper-
imental setup is not capable of measuring the ∆T above
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the RT however one could expect a peak value ≈ 1.5�
2 K [6]. In the vicinity of RT copper containing alloys
show very low values of |∆SM| ≈ 0.7 J/(kgK) which still
provide temperature change of ≈ 0.4 K.
The Pb substitution for Cu leads to decreasing of
|∆SM| values at Curie temperature but increasing around
the RT. The highest ∆T value of ≈ 0.4 K was recorded
for Ni50Mn18.75Pb6.25Ga25 alloy.

Fig. 3. The adiabatic temperature changes
(∆T ) measured near RT in magnetic
�eld 2T for a) Ni50Mn18.75Cu6.25Ga25 and
b) Ni50Mn18.75Pb6.25Ga25 alloys.

4. Conclusions

The substitution of copper with lead, in the
the Ni50Mn25−aCuaGa25 alloys separates martensite-
austenite and Curie transformation temperatures. The
Curie point stays at the same temperature but the struc-
tural transformation temperature decreases dramatically.
The peak values of |∆SM| and ∆T are:

(a) ≈ 12 J/(kgK); 0.4 K or (b) ≈ 1.8 J/(kgK); 0.3 K
for alloys containing 6.25 at.% of Cu and Pb, respectively.
It also appears that magnetic �eld induced tempera-

ture change has the same magnitude at the Curie point
regardless of the order of the transition in dopped Ni-
Mn-Ga alloys.
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