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Since cryogen-free superconducting magnets that provide room-temperature bore 
and long-term operation were developed in 1990’s, a high magnetic field, i.e. 10T can be 
used for materials processing. New trend arising from the development is not to study 
magnetism but to study how to use magnetic properties for fabricating and synthesizing 
various materials (metals, ceramics, polymers, proteins etc). 

Magnetization and magnetostatic energy of diamagnetic and paramagnetic 
substances are expressed by  

    
M = χH,     E= 1 2( )χH2

. 
Here χ is magnetic susceptibility. Since the magnetic energy is generally small under a 
magnetic field of 10-1 T, the dia- and paramagnetic properties did not attract attention for 
materials processing. However, the magnetic energy under the high magnetic field 
becomes recognized as a tool to control microstructure of materials.   
(1) Melt flow: Electromagnetic force operates electroconducting substance. The high 
magnetic field significantly suppresses melt flow. As a result, crystal growth controlled by 
atomic diffusion is often achieved and consequently improves quality of crystals.  

In addition to the significant suppression, microscopic melt flow (<100μm) can be 
reduced by the high magnetic field. An example is formation of regular structure (truly 
cylindrical rods regularly aligns in a matrix phase) during monotectic solidification in 
which solid and liquid simultaneously grow. The results show that self-organization 
processes under the high magnetic field can be applied for fabricating ordered structures 
with μm and/or sub μm scale.   
(2) Magnetic anisotropy: Crystalline structure causes anisotropic properties of materials 
(mechanical, electrical, optical and magnetic properties). Thus, it is a critical issue for 
development of materials with higher performance to control alignment of 
crystallographic orientation. However, there were a few techniques to control the 
alignment.  

Under the high magnetic field, the magnetic energy depends on crystallographic 
orientation with respect to the magnetic field. When particles with the magnetic 
anisotropy are suspended in a fluid, the particles are likely to rotate in a favorable 
orientation. As a result, the crystallographic alignment can be achieved. The materials 
with the aligned structures have been produced by solidification and sintering processes 
under the high magnetic field. In addition, the three-dimensional alignment (pseudo 
single crystal) has also been fabricated by using an oscillating magnetic field. The high 
magnetic field is realized as a powerful tool to control crystallographic orientation.  

 



 

 

(3) Other magnetic field effects have been recognized. The magnetostatic energy can 
influence phase equilibrium. The aligned structure has been achieved even in solid state 
by using the influence of the magnetic energy to phase equilibrium. Crystals consisting of 
particles with sub μm have fabricated by the dipole-dipole interaction between the 
magnetized particles.  

In this session, two speakers will present new trends of materials processing using 
magnetic field effect.   


