
FUNDING PROGRAM FOR NEXT GENERATION WORLD-LEADING RESEARCHERS

1. Background of research
Recently, a large global warming potential of the Fluorocarbon gases is a serious problem on the cooling
technologies, and technical improvements are strongly demanded. However, selection of new gas refrigerants
faces to difficulties caused by a confliction between high efficiency and handling safety. Accordingly, the
magnetic refrigeration attracts attention because of its gas-free and high-efficiency characteristics. To
realize the room temperature magnetic refrigeration, development of new magnetic materials is necessary.

2. Research objectives
The proprietor has found a new material system which exhibits high magnetocaloric effects (MCEs) under the
magnetic fields achievable by permanent magnets. To bring out its potential in the refrigeration systems, the
MCE properties are controlled in order to satisfy the realistic demands such as heat transfer across the
temperature difference of ~40 ℃ between hot and cold ends, and a smooth progress of magnetic transition
against the cycle speed of refrigeration.

3. Research characteristics (incl. originality and creativity)
In conventional materials, the MCEs induced by a magnetic transition are too small for room temperature
applications, therefore, development of special materials is a key technology to construct the magnetic
refrigeration. By the practical innovations based on the new material found by the proprietor, realization of a
high-efficiency room temperature magnetic refrigeration is accelerated in the run-up to the world.

4. Anticipated effects and future applications of research
Material developments by the present program will bring out the serviceable magnetic refrigeration systems,
resulting in many spread effects to the fields such as the commercial storage system, the household
refrigeration technology, and the air-conditioning system for the electric vehicles. Moreover, discharge of
greenhouse gases originated from cooling machine is suppressed and the energy saving by improved
efficiency is expected due to a usage of permanent magnets instead of a compressor unit.

Project Title: Materials development for realization of magnetic refrigeration satisfying both the reduction of fluorocarbon 
greenhouse gases and the energy saving
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Isothermal entropy change
：3 times larger than 
conventional benchmark 

Adiabatic temp. change
2～4℃ / Tesla
：Twice as high as 
requirement from cooling 
cycle

Moreover…
*Cheap and safe constituents
*Stability of phase transition
*Good thermal conductivity

Large advantage!

New system ：La(FexSi1-x)13Hy

Principe =
evaporation heat
⇒ by other gases？

“Evapolation “  = a kind of
the first-order phase transition
⇒ by other phase ?

The 1st-order mag. transition is necesarry
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１．Practical temp. span >40℃ （Cold end ~0℃ Hot end >30℃)
２．Cycle period： 0.1～10 Hz from heat exchange efficiency
３．Reduction of thermal loss due to material nature

-40 -20 0 20

３２ 材料１

熱移動

温度(℃)

Δ
S m ×

Total

-40 -20 0 20

３２ 材料１

熱移動

温度(℃)

Δ
S m ×

Total

Enlargement of Temp. Span
(by Cascade method)
⇒ Control of Temp. Profile)

Response against magnetic  
field
⇒ Kinetics of transition

Phase transition hysteresis 
⇒ Progress mode of transition

1. Improvement of magnetocaloric profile
2. Tuning of kinetics against cooling cycle
3. Reduction of hysteretic loss

Proof of cooling power
Material fabrication

New application
（micro-space, etc.）

Practical progress 
（Corporate with Company）

Future application 
（Cross-sectional research）

N SN SN S

N SN SN S

N SN SN S

N SN SN S

Magnetize Hot Blow

DemagnetizeCold Blow

1
2

3
4Sample

Magnet

* commercial storage systems
*household refrigeration

technologies
* Air-conditioning system for

electronic vehicle
Etc.
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