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Selection of suitable materials and optimization of laminate conﬁgurations are essential to
obtain good refrigerating performances. However, it is diﬃcult to produce every kind of
materials.
In this study, we examine through calculations the properties of Gd as the ferromagnetic
material, which is a typical magnetocaloric material, and the impact on these properties when
some of the Gd atoms are substituted for non-magnetic elements.
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l It is found that if the lattice size is
more than 83, the calculated value
generally agrees with the
experimental value.
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l Calculation results are in good
agreement with experimental
results
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Gd-R alloys
Gd-R alloys is materials such as some of
the Gd atoms are substituted for nonmagnetic atioms.
In order to express the substitution for
non-magnetic elements, we asuume crystal
structure is same as Gd and some of the
sites the lattice points are ﬁxed at J = 0 at
random. A value converted from the Curie
temperature of Gd is used for λij.
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Where J is total angular momentum and
takes { -J, -(J-1), … , J }.
g is Landeʼs factor, µ0 is Bohr magneton
and Hz is external ﬁeld.
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Objective
Estimating Curie temperatures, speciﬁc heat and magnetic entropy changes,
using the Monte Carlo method for the material design.
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2. Theoretical model
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l Peaks of speciﬁc heat appear at
somewhat higher temperature
than experimental result.
l Calculated ΔSM is bigger than
experimental result.
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l In both of the experimental and
calculated results, the Curie
temperature shows a linear
decrease with the increase of
the non-magnetic element
density x.
l The Zr substitution shows a
bigger drop in the Curie
temperature than Y with an
increase in x.
l the Zr substitution shows a
bigger drop in the Curie
temperature than Y with an
increase in x,

Conclusion
In this study we examined the estimation of physical properties of
magnetic refrigeration materials using the Monte Carlo method. As a
result, we obtained the following conclusions:
1) It could be conﬁrmed that the magnetic refrigerant properties of
Gd could be calculated with high accuracy with the Potts-like
model of the hexagonal crystal system and the Monte Carlo
method.
2) The magnetic refrigeration characteristics of Gd-R alloy could
generally be reproduced by the calculation in which some of the
sites on the lattice points were replaced randomly with nonmagnetic sites.
3) In order to estimate the Curie temperature with high accuracy, it
is essential to clarify its physical mechanisms to be reﬂected in
the calculation.

