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Magnetic materials play a key role in achieving carbon neutrality because of
their many uses in green energy solutions. For example, permanent magnets are
commonly found in electric car motors, wind turbines, and robots. Another
important type of magnetic material is magnetocaloric materials, which are used
in eco-friendly magnetic cooling systems. In this research, we aimed in
development of permanent magnets with a large energy density and resistance
against magnetization reversal while considering elements criticality. The
second objective is development of magnetocaloric materials with giant and
reversible magnetocaoric effect for room temperature and cryogenic
applications. 

実験
Experimental

We used electron microscopy to evaluate the microstructural defects
responsible for the poor performance of our materials. We also performed X-ray
diffraction analysis at different temperatures to follow the magnetostructural
phase transition in the magnetocaloric materials at different temperature
ranges.

結果と考察
Results and Discussion

The giant magnetocaloric effect (MCE) in (Mn,Fe)2(P,Si)-based alloys originates
from a magnetoelastic ferromagnetic-to-paramagnetic (FM–PM) phase
transition, which is typically accompanied by significant thermal hysteresis. This
hysteresis introduces undesirable irreversibility during cyclic operation, limiting
the practical use of these materials in solid-state magnetic refrigeration.In this
study, we demonstrate that pre-existing PM (paramagnetic) nuclei play a critical
role in reducing thermal hysteresis. Through a combinatorial approach using in
situ X-ray diffraction (XRD) and magneto-optical Kerr effect (MOKE)
microscopy, we reveal that residual PM phases, present even in the
ferromagnetic state, serve as nuclei for the growth of the PM phase. This
facilitates the FM–PM transition kinetically and reduces hysteresis through an
extrinsic mechanism.Additionally, the smaller changes in lattice constants
observed during the transition suggest a weakened first-order character of the
phase change, indicating intrinsic contributions to the reduced hysteresis. As a
result of these combined intrinsic and extrinsic effects, we achieved a large
magnetic entropy change of 16 J kg-1 K-1 under a 2 T magnetic field, with a low
thermal hysteresis of just 3.0 K in a simple Mn–Fe–Si–P quaternary system,
suitable for room-temperature applications. Overall, our findings offer a
practical strategy to minimize hysteresis while preserving a strong MCE, paving
the way for more efficient magnetic refrigeration technologies.
Additionally, we investigated how defects affect the magnetic properties of
SmFe12-based permanent magnets. A key challenge in developing high-
performance SmFe12-based magnets is translating their excellent intrinsic
magnetic properties into superior extrinsic performance. One significant
obstacle is the formation of twins, which limits the achievable coercivity and
remanence. In this work, we demonstrate that adding cobalt (Co) to Sm(Fe1-

xCox)10-11M1-2 alloys—where M represents Ti or V—increases the density of twin
structures. Microstructural analysis reveals that the atomic arrangement at the
twin boundaries varies with the choice of stabilizing element. These structural
differences directly impact the local intrinsic magnetic properties, offering
insight into how twin formation influences overall magnetic performance.
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