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Reversible room-temperature magnetocaloric effect in Mn;PB,
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Magnetic properties and magnetocaloric effect of the MnsPB, compound have been investigated.
The maximum values of magnetic entropy change —AS,, at 302 K are 4.93 and 2.64 J kg~! K~! for
magnetic field changes of 5 and 2 T, respectively, which are closely related with a second-order
magnetic transition from the ferromagnetic to the paramagnetic state. The reversible magnetocaloric
effect with relatively large magnetic entropy change makes the MnsPB, compound (free of rare
earths) and MnsPB,-based materials attractive candidates for room-temperature magnetic
refrigeration. © 2010 American Institute of Physics. [doi:10.1063/1.3518064]

The magnetic refrigeration based on magnetocaloric
effect (MCE) has attracted a great deal of interest for
its energy-efficient and environment-friendly behavior,
compared to the common vapor-cycle refrigeration
technology.l_4 In particular, much attention has been paid to
development of technologies for room-temperature magnetic
refrigeration.“_15 Because considerable thermal and magnetic
hysteresis induced by the first-order magnetic transition
(FOMT) would confine practical applications of giant-MCE
materials,4_7 recently, a lot of work focused on searching
magnetic refrigerant materials with a large reversible MCE
based on a second-order magnetic transition (SOMT).'6-18
However, the main challenge in the field of room-
temperature magnetic refrigeration is still to realize large
and reversible magnetic entropy changes at/near room-
temperature, without thermal and magnetic hysteresis, at
magnetic fields as smaller as possible.

On the other hand, in general, the cost of MCE materials
based on magnetic 3d elements is much cheaper than that of
ones based on rare earth elements. Consequently, it is of
great importance to explore new compounds free of rare
earths, which exhibit large entropy changes with a SOMT
near room-temperature. Magnetic properties and MCE of
several Mn-based compounds, such as MnFeP0.45Aso.55,4
Mn,_Cr,As,  Ni-Mn-X  (X=In,Sb,Sn,Ga),'*">"
Mn;GaC,* e-(Mny g3Fe 17)3.5Ge,”" and MnSi,** have been
studied. However, these Mn-based compounds usually pos-
sess a large MCE accompanied with a FOMT, thus with large
thermal and magnetic hysteresis. In the present work, we
report reversible room-temperature MCE in MnsPB, com-
pound, which is closely related with a SOMT from ferromag-
netic (FM) to paramagnetic (PM) state. The maximum
values of magnetic entropy change —AS,, are 4.93 and
2.64 J kg~! K7! at 302 K for magnetic field changes of 5 and
2 T, respectively.

Polycrystalline MnsPB, was prepared by a multistep
power-sintering process. First, Mn, B and red phosphorus
powers with purity of 99.99% were mixed in desired propor-
tion and pressed into a pellet. The pellet was placed in an
AL, O3 crucible sealed in an evacuated quartz tube. The
sample was heated at 200 °C for two days and then at
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950 °C for seven days. After being cooled down to room-
temperature, the sample was pulverized, mixed, and pressed
into a pellet again and heated at 950 °C for another seven
days and then quenched in water. X-ray diffraction showed
that the main phase in the sample is MnsPB, compound with
tetragonal structure (space group I4/mcm), with a secondary
phase Mn,P. The lattice parameters of MnsPB, compound
are a=b=5.54 A and c=10.49 A, which are the same as the
previous results.”® The magnetic properties were measured
by using a superconducting quantum inference device mag-
netometer (Quantum Design, USA) at applied magnetic
fields of up to 5 T at temperatures from 280 to 330 K.

The temperature dependence of the magnetization of the
MnsPB, compound was measured under zero-field cooling
(ZFC) and field cooling (FC) processes in a field of 0.01 T as
shown in Fig. 1. The Curie temperature 7~ was defined as
the temperature corresponding to a minimum in the tempera-
ture dependence of the first-order derivative of the magneti-
zation (dM/dT) (see the inset of Fig. 1). It can be clearly
seen that with increasing temperature, the magnetization
drops abruptly at its Curie temperature T (=302 K). The
reversible behavior above 298 K in ZFC and FC curves (re-
corded during heating and cooling processes, respectively)
indicates that the MnsPB, compound undergoes a second-
order FM to PM phase transition at 302 K. The secondary
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FIG. 1. (Color online) Temperature dependence of the magnetization of
MnsPB, at 0.01 T. The inset shows the temperature dependence of the
first-order derivative of the magnetization (dM/dT).
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FIG. 2. (Color online) Magnetic isotherms of MnsPB, in the temperature
range of 280-324 K with temperature step of 4 K, measured with
increasing-field (solid squares) and decreasing-field (solid triangles) pro-
cesses. Double arrows indicate the reversible character of isothermal mag-
netization curves.

phase Mn%P is antiferromagnetic below its Néel temperature
of 103 K, so it has no contribution to magnetic properties
of the sample above 103 K, but as a nonmagnetic impurity it
will slightly lower the saturation magnetization.

To explore the MCE of the MnsPB, compound, the
isothermal magnetization curves (M—H) in the vicinity of
Curie temperature are measured with a maximal field of 5 T
and shown in Fig. 2. The solid squares denote the field-
increasing process, while the solid triangles correspond to
the decreasing-field process. The magnetization increases
rapidly at low fields and shows a tendency to saturate with an
increase of magnetic field (but not saturated even at 5 T),
which is typical for FM materials below its Curie tempera-
ture. The magnetization at 280 K is 57.89 A m? kg™ at 5 T,
which is comparable to the saturation magnetization of
pure Ni. Moreover, no magnetic hysteresis between the
increasing- and decreasing-field curves is found around the
transition temperature, indicating that the FM-PM transition
at T¢ is of second-order.

Arrott plots (M? versus B/M) at different temperatures
are shown in Fig. 3, in order to further confirm the type of
the phase transition. It is known that the negative slopes
(S-shaped curves) in the Arrott plots indicate a first-order
phase transition; otherwise, it is a second-order one. It is
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FIG. 3. (Color online) Arrott plots of MnsPB, from 280 to 324 K with the
temperature step of 4 K.
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FIG. 4. (Color online) Temperature dependences of the magnetic entropy
changes —AS), of MnsPB, for magnetic field changes AB of 2, 3, and 5 T.

clear from the Arrott plots in Fig. 3 that there are no
S-shaped curves near T, indicating the second-order nature
of the FM-PM phase transition, which is consistent with the
results obtained above from Figs. 1 and 2.

The magnetic entropy changes —AS,, as a function of
temperature and magnetic field for MnsPB, are calculated
from isothermal magnetization curves. By using the Maxwell
relation (9S/dB)y=(M/dT)g, the magnetic entropy changes
can be calculated as follows:

J; (%)
AS,(T,B)=Sy(T,B) - S,(T,0)= | |—2) aB

o \ 9B /r
J5)
= — | dB.
o \IT/p

The temperature dependences of the magnetic entropy
changes —AS),, of MnsPB, for magnetic field changes of 2, 3,
and 5 T are presented in Fig. 4. The maximum magnetic
entropy changes —AS}™ occur at 302 K, which just corre-
sponds to the FM to PM phase transition. The values of
—AS}™ are 2.64, 3.51, and 4.93 J kg™' K™! for magnetic
field changes of 2, 3, and 5 T, respectively. The —ASH™
reaches 4.93 JTkg™' K™! for a magnetic field change of
5 T, which is comparable to those of other potential
Mn-based magnetic refrigerant materials with T, near
room-temperature, such as MnFe,Si; (4 Jkg! K™),?
MnFe, 5CoysGe (5.3 Tkg' K1), and MnsGe, oSby
(6.6 T kg™ K).*” Though the value of —AS™™ at room-
temperature of MnsPB, cannot be compared with the famous
Mn-based refrigeration materials, MnFePAs cornpounds4 and
Ni—Mn-based Heusler alloys,lz*ls’19 it should be emphasized
that the MCE in the present compound is reversible without
any thermal and magnetic hysteresis, associated with a
SOMT. It is unsuitable to compare directly the —AS;, value
of a material with a SOMT with that of a material with a
FOMT. Furthermore, although the secondary phase Mn,P
has no magnetic contribution near room-temperature, as
mentioned above, it decreases the value of the saturation
magnetization of the sample. If one succeeded in synthesiz-
ing the material of single phase MnsPB,, the saturation mag-
netization and the maximum magnetic entropy change would
be enhanced. Moreover, it is expected that the substitution of
3d elements for Mn may increase the maximum magnetic
entropy changes, specially, at low magnetic fields.
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In conclusion, magnetic properties and MCE of the
MnsPB, compound have been studied. The relatively large
reversible MCE with —AS}™ of 4.93 and 2.64 J kg™! K~!
are achieved at 302 K for magnetic field changes of 5 and 2
T, respectively. The relatively large magnetic entropy change
and the reversible MCE make the MnsPB, compound (free
of rare earths) a promising candidate material for room-
temperature magnetic refrigeration application. This work
opens a new direction for searching advanced room-
temperature magnetic refrigerants, MnsPB,-based MCE ma-
terials.
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