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WO A O H Study on Characteristic of Grinding in the Dry Bead Mill

Grinding is one of the important unit operations from ancient times to the present day, and has a large role
in the development of industry. This paper was consisted of 6 chapters describes grinding and
characteristics in a dry bead mill.

In Chapter 1, the purpose of this study was shown by investigating the past researches such as experiments
and evaluation methods on grinding that had been carried out so far, together with the history of grinding
machines. The bead mills were considered to be a rational grinding machine at the fine grinding region
from the viewpoint of fracture mechanics of particle, the grinding principle and characteristics of bead mill.
Since there are a close relationship between industrial products that miniaturization and increasing capacity,
and grinding, which are rapidly advancing in the industry in recent years, it is expected that attention to
bead mills will increase in the future. However, bead mills, which have a shorter history than other grinding
machines, have not been sufficiently researched, so the current situation that treatment of various feeds and
development of bead mill are largely depending on experience through trial and error. Furthermore, since
there are many operating factors in grinding using a bead mill, it is considered to be an important issue to
investigate the influence of the factors on the grinding results and the relationship between the factors. In
addition, energy saving is required due to consideration for environmental issue in the present age,
improvement as energy efficiency of grinding will continue to be an important issue with great demand. As
one way for solving these issues, dry grinding using a bead mill can be considered. When fine particles are
obtained by dry grinding, new knowledge can be obtained as the grinding phenomenon from viewpoint of
academic. On the other hand, from industrial point of view, omitting drying process can be obtained energy
reduction, shortening of production space and getting fine particles with lower cost than chemical synthesis,
so these are great contributions. Therefore, the purposes of this paper are to clarify through some
experiments grinding characteristics which is based on energy efficiency of dry bead mill, and relationship
between operating factors. The operating factors are feed, bead diameter, grinding vessel(chamber)
material, and main factor during driving bead mill are agitator peripheral speed, bead filling, and feed rate.
In Chapter 2, the details of the horizontal dry bead mill, feed, and grinding aid used in the experiment in
this paper were described, and also the grinding experiment method, machine operating conditions,
machine specification conditions, and measurement method were described.

In Chapter 3, grinding experiments were conducted using several feeds, in which the operating conditions,
such as agitator peripheral speed, bead filling, and feed rate, were changed. As a result, although each
operating condition was independent, there were regularity between specific energy and the typical particle
size from the experiments, and this regularity could be obtained even if different scales of bead mill.
Furthermore, as the basic property of the horizontal dry bead mill, the energy efficiency of grinding could
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be evaluated by formulating in consideration of the conventional theory and determining the two
parameters of the grinding coefficient and the reached limit typical particle size.

In Chapter 4, the effects of differences in bead diameters used as grinding media in horizontal dry bead mill
were investigated on the particle size reached by grinding and the energy efficiency of grinding. As a result,
it was shown that as the bead diameter became smaller, the particle size distribution width obtained by the
grinding progress of large particles became narrower, and the grinding proceeded to a finer region.
Furthermore, the energy efficiency of grinding was considered based on the results obtained in Chapter 3,
and it was shown that the dry bead mill has characteristic that the energy efficiency of grinding changes
according to the bead diameter. It was also shown that the bead diameter was a factor that affects both the
grinding coefficient and the reached limit typical particle size.

In Chapter 5, the effects of the grinding vessel(chamber) material and bead material of the horizontal dry
bead mill on the grinding results were considered in the same way as in Chapter 4. As a result, it was
clarified that the energy efficiency of grinding changes, because the bead material is main factor that affects
grinding coefficient. On the other hand, within the range of this study, the effect on energy efficiency of
grinding due to the difference in agitator and vessel(chamber) materials was not confirmed.

In Chapter 6, the results from Chapters 3 to 5 were organized.
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