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[Magnetic Processing of Materials ]

The magnetic field is thought to act only on ferromagnets such as iron, but in fact it affects all substances weakly. For example, when a magnetic
field is applied to spare leads of mechanical pencil, or nylon fibers, they are oriented in the direction of magnetic field (Fig. 1 (https://www.youtube.
com/watch?v=US9NdFy8RCO0)). Of course, these materials do not contain ferromagnets. Such phenomena also occur in micro- and nano-sized
materials such as carbon fiber (CF) and carbon nanotube (CNT), so it is possible to achieve higher performance of composite materials in which the
orientation of CF and is well controled. High heat diffusion sheets that utilize the magnetic orientation of CF have already been put to practical use. In
general, magnetic orientation can dramatically improve various physical properties such as electrical conductivity, mechanical strength, and optical
properties.

Analyzes of crystal structures are important in the fields of materials and drug studies. The physical properties of the material strongly depend on
the crystal structure. Also, since the dissolution rate varies depending on the crystal structure, the effect of the drug depends on the crystal structure.
The crystal structure is determined by X-ray diffraction, which requires a large single crystal. However, in many cases only small powdery crystallites
are actually obtained. When magnetic field orientation is used, all the crystallites in the powder can be oriented three-dimensionally (Fig. 2), so that
a “pseudo-crystal" that is equivalent to a large single crystal can be produced. X-ray crystal structure analysis can be performed by using "pseudo-
single crystal". It is known that "pseudo single crystal" is useful for neutron structure analysis and single crystal solid state NMR analysis.

Most substances around us, such as CF and CNT, organic and inorganic crystals, water and plastic, are non-magnetic materials (diamagnetic
materials). Diamagnetism is a property that dislikes magnetic fields. Then, the magnetic force acts on the diamagnetic materials and push them away
from the magnetic field. When magnetic force and gravity are balanced, a substance can be levitated by a magnet. Using a very strong magnetic field,
we can levitate strawberries, tomatoes and even live frogs (https://www.youtube.com/watch?v=A1vyB-O5i6E). Even if you don't go to outer space,
you can create pseudo zero gravity on the ground. High quality protein crystals are obtained by crystallization under pseudo zero gravity realized by
magnetic field. In addition, since the magnetic force varies depending on the material, it is possible to separate non-magnetic materials. Figure 3a
shows the magnetic separation of different plastics (PET, PMMA). There are many fields of application in the biotechnology, such as the separation of
red blood cells (Fig. 3b) from whole blood using magnetic force, and the control of cell aggregation (Fig. 3c) that is needed in tissue engineering.
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Fig.1 Magnetic orientation of nylon fibers and spare
leads of mechanical pencil.
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When a magnetic field (MF) is applied to a disordered
microcrystal powder, all microcrystals align in the same
direction - They show the physical properties that are
same as a true single crystal.

Fig.2 Three-dimensional orientation of microcrystals
by means of magnetic orientation.
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Fig.3 (a) Magnetic separation of plastics,
(b) magnetic patterning of human red blood
cells, and (c) of mouse osteroblast cells.
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