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1. Introduction 
Iron, which is a ferromagnetic material, is attracted toward a magnet.  Might it be 

possible to attract aluminum, which is a non-magnetic material, toward a magnetic field?  
The answer is “YES” in some cases, especially when we use a strong magnet and there is 
no friction between the aluminum and its surroundings.  The effect of magnets on 
non-magnetic materials has been recognized since the age of Faraday.  Non-magnetic 
materials can be classified into paramagnetic materials and diamagnetic materials.  The 
magnetization of these materials in a magnetic field is much smaller than that of 
ferromagnetic materials, but the direction of magnetization in paramagnetic materials is 
the same as it is for ferromagnetic materials.  However, the direction of magnetization in 
diamagnetic materials is not the same, and is generated in a direction that cancels the 
external magnetic field.  Therefore, an attractive force affects paramagnetic materials, 
and a repulsive force affects diamagnetic materials.  Although it is not observed that 
aluminum, which is a paramagnetic material, is drawn towards a magnet, a very weak 
attractive force does affect aluminum when it is placed in proximity to a magnet.  
It is only very recently that much attention has been paid to the use of these effects in 

the processing of diamagnetic materials [1], including inorganic [2, 3], organic [4, 5], and 
polymeric materials [6].  However, the effect cannot be confirmed easily by using a 
superconducting magnet of 10 T, since the interaction between non-magnetic materials 
and magnetic fields is very small.  It is therefore important to choose appropriate 
conditions and to understand the process that is applied to a magnetic field.  In this 
symposium, we will discuss the processing of polymeric materials using the magnetic 
effects such that magnetic orientation, magnetic levitation and magnetic trapping.   
2. Magnetic Orientation [7, 8] 

The magnetic orientation is to align crystals and fibers by using magnetic anisotropy of 
these materials.  The development of novel anisotropic materials becomes possible when 
magnetic orientation is used.  The expected fields in which magnetic orientation will be 
used are systems to disperse fibers and crystals in polymeric materials.  Orientations in 
undesired directions are frequently obtained for fibers and crystals in composite 
materials that are fabricated by molding processes, since the shapes involved are 
anisotropic.  The fibers are never orientated perpendicular to the film plane, though they 
may be orientated parallel to the film plane.  The orientation of fibers and crystals in 
composite materials have a great influence on the physical properties of the material, 
since the physical properties of fibers along the fiber axis differ from those in the radial 

 



 

 

direction. 
3. Magnetic Levitation [9-11] 
It is possible that a material is levitated by repulsive force which affects a diamagnetic 

material in a magnetic field.  The levitating material is in the microgravity environment 
on the earth.  In the microgravity environment, a liquid becomes a true sphere by its 
interfacial tension.  This enabled to fabricate large polymer spheres without polishing.  
The polymer sphere with small strain is expected for application to optical lenses.   
4. Magnetic Trapping [12, 13] 
The magnetic trapping is also utilized repulsive force to a diamagnetic material.  We 

can modulate strength of a magnetic field by using a magnetic circuit made by a 
ferromagnetic material.  In the modulated magnetic field, a diamagnetic material is 
concentrated at a low magnetic filed part without surface modification and physical 
grooves.  The magnetic trapping can be used as a technique to enable a periodic 
arrangement of a self-organized structure.  This method can be expected to be applied to 
assembly of micro devices. 
Conclusion 
We can easily use high magnetic field environment for the material processing due to 

recent advances in the technology of superconducting magnets.  As the result, the 
magnetic processing to the diamagnetic materials has become applicable, if we choose 
appropriate conditions and understand the process that is applied to a magnetic field.  
In the future, it will come to utilize magnetic field for the many material process.     
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