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Abstract

The paper deals with an experience with innovation process of a technical solution of grinding device for
homogenization of mechanical grinding metallurgy process. Milling equipment-ball mills and planetary ball mills
are used for conventional mechanical material milling. Their principle is based on very fine milling of the
material. As with other milling equipment, there is a milling effect by combining three factors: pressure, impact,
and smearing. A major disadvantage of the previously used milling equipment is the fact that during the milling
process, due to the pressure and impact of the grinding bodies, agglomerates and aggregates have been
formed to a chamber wall and thus significantly reduce the efficiency of the milling process. The formation of
aggregates and agglomerates is an adverse effect in the processing of fine particulate materials, respectively
nanopowders.

The main advantage of the invented design can be seen in the simplicity of the device, which results in the
homogenization of the processed material and also in the multifunctionality of the device, whereby the device
does not restrict the conditions under which the mechanical process has been used so far, i.e. it allows grinding
to be done with or without adding a liquid inert phase.
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1. INTRODUCTION

Milling equipment-ball mills and planetary ball mills are used for conventional mechanical material milling
[2,4,8,10]. Their principle is based on very fine milling of the material. As with other milling equipment, there is
a milling effect by combining three factors: pressure, impact, and smearing. A major disadvantage of the
previously used milling equipment is the fact that during the milling process, due to the pressure and impact
of the grinding bodies, agglomerates and aggregates have been formed to a chamber wall and thus
significantly reduce the efficiency of the milling process. The formation of aggregates and agglomerates [22]
is an adverse effect in the processing of fine particulate materials, respectively nanopowders [1,6,7,13,27-29].
As with other grinding equipment mentioned by authors [9,11,16,21,26,31,32], there is a grinding effect taking
place by combining factors: pressure, impact, attrition, size distribution, electrical discharge, fluidization etc.
also described by authors [3,17,18-20,23,24] or factors dependence on material fine powder and
nanocomposite processing referred by authors [5,6,7].Special chapter in the process of material processing is
innovation processes and technical solutions of apparatus for processing metals of loose nature tending to air
oxidation, especially alkaline earth metals [30,33,34]. The aim of this technical solution is to design a device
facilitating the process of treating rare earth metals in a way that would prevent their air oxidation and thus
facilitate their handling in the next technological process [14,15,25].

In principle, materials with a plurality of grinding bodies are inserted into the milling chamber of the ball mill.
During milling, the milling chamber is rotated, whereby the grinding bodies in the chamber rotate and rotate,
thereby milling or pulverizing the material. In addition, in the case of planetary ball mills, an extremely large
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centrifugal force is created which contributes to the different movement of the milling bodies against the milling
chamber, which significantly reduces the milling time.

A major disadvantage of the previously used milling equipment is the fact that aggregates and agglomerates
or sticky layers are formed during the milling process due to the pressure and impact of the milling bodies on
the wall of the milling chamber, which significantly reduces the efficiency of the milling process. The formation
of aggregates and agglomerates has an adverse influence on the processing of fine particulate materials or
nanopowders. These sticky layers cannot be removed during the process, except by completely stopping the
milling process, disassembling the milling device and mechanically wiping away the sticky layer. The result is
an inhomogeneously ground or comminuted material with a varied particle size distribution of the material
being processed.

This markedly reduces the efficiency of the grinding process. To remove the layers that became stuck the
process has to be completely interrupted, the grinding device dismantled, and the layers stuck to the wall
mechanically scraped off. The result is an inhomogeneously ground/pulverized material with varying
distribution of different particle sizes of the processed material as shown in the work [29].

In order to avoid the above-mentioned problems, the construction of the ball mill was supplemented with a
mixing device or cleaning/scraping blade with special metal testing material [5,12], which is fixed in the central
part of the mill and thus helps to remove sticky layers from the walls of the milling vessel. These directions are
represented in, for example, the following documents: US4673134 (A) - 1987-06-16, EP0627262 (Al) - 1994-
12-07 or US3027105 (A) - 1962-03-27, which focus on the classical treatment of material by mixing the material
in a closed space by means of a set of rotary shafts with carriers or by mixing the material in space with a shaft
provided with mixing carriers. However, this mixer / scraper does not allow for variable adjustment of its arms
and also does not solve the problem of material sticking on the mixer / scraper itself.

Further modifications to the milling device presented in WO2008088100 (A1) - 2008-07-24 and US4645133
(A) - 1987-02-24 were directed towards modification of the surface of internal milling drum and thus the material
impact efficiency of the milling process. Also, the documents US1726917 (A) - 1929-09-03, US2761628 (A) -
1956-09-04 focus on an area of targeted development of a comb-like or other drum profile, including the
rotation mechanism itself.

2. ESSENCE OF THE INVENTION

The above disadvantages are largely eliminated by the variable fluidizing blade of the ball mill. The invention
addresses the process of treating the material directly in the milling apparatus of the ball mill and effectively
adjusts the material milling process itself by means of adjustable blades located on the inner circumference of
the ball mill drum.

2.1. Technical solution

The basic innovative element of the device is the blade of the outer drum of the ball mill, which forms a variable
angle with the drum wall by means of a pin. By varying the angle of rotation of the blade, the angle of inflow of
material into the inner space of the drum is directly controlled when it is rotated, thereby directly controlling a
more efficient way of material falling into the drum space. The angle of landing can be directly controlled by
knowing the mechanical-physical and geometric properties of the milling material. The advantage of this
solution is the direct adjustment of the impact energy of the material and thus the reduction of the economic
demands of the material milling process.

The abovementioned adjustable ball mill blade is provided with internal channels allowing input of a fluidizing
medium, which may be air, liquid or a combination thereof (vapor), resulting in another possibility of process
treatment of the material during crushing, by, for example, fluidization of the material, inflow of fluid (or
potentially gas into the ducts) into the blade ducts.
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Another important effect of fluidization is also to minimize the sticking of very fine material on the vessel walls
or on the blades themselves.

3. CLARIFICATION OF DRAWINGS

3.1. A ball mill (horizontal design) and an arrangement of the exterior of the device

Figure 1 illustrates a ball mill (horizontal design) and an arrangement of the exterior of the device. Figure 2
shows a section of the interior of the device.
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Figure 1 A ball mill (horizontal design) and an arrangement of the exterior of the device

3.2. A section of the interior of the device

Figure 2 A section of the interior of the device
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4, EXECUTION EXAMPLE

Between the shell of the ball mill and the drum 8 there is a fluidizing space 7 which is connected by an inlet
with a compressor 10 for supplying fluidizing medium. A movable ring 6 for adjusting the blade angle 1 abuts
the fluidizing space 7. The blade 1 is fixed to the ring 6 by means of a tilt adjustment pin 3 and then passes
through the drum 8 and subsequently, through the sealing sleeve 5, into the ball mill. From the fluidizing space
7, the fluidizing channels 4 lead through the blade 1 into the space of the drum 8. The vane 1 is fixed in the
drum 8 by a securing pin 2. The servomotor 11 located on the surface of the mill shell 9 is connected to the
ring 6 controlling the movement of the blade 1.

The blade 1 can be rotated and extended / retracted by the movement of the ring 6. In any rotation, the angle
of impact of the material changes and thus even the material crushing mechanism.

4.1. Patent Claims

. A ball mill with a fluidizing device located in the wall of the mill drum (8), characterized in that a fluidizing
medium supply compressor (10) and a servo motor (11) for controlling the movable ring (6) are provided
on the ball mill housing (9) to provide variable movement of at least one blade (1) with fluidizing channels
(4) extending through the drum wall (8).

. A ball mill with a fluidizing apparatus placed in the wall of the mill drum (8) according to claim 1,
characterized by the fact that a fluidizing space (7) is located beneath the shell (9), a movable ring (6)
for variable movement of the blade (1) which is adjacent to drum (8).

. A ball mill with a variable fluidization apparatus located in the wall of the mill drum (8) according to claims
1 and 2, characterized by the fact that the blade (1) passes through a sealing sleeve (5) and further
through the drum wall (8) in which it is fastened by a locking pin (2) and is partially embedded in the ring
(6) where it is fixed by a pin (3) to adjust its angle of inclination.

. A ball mill with a variable fluidization apparatus located in the wall of the mill drum (8) according to claims
1 and 2, is characterized by the fact that fluidizing passages (4) pass through the blade (1) and pass
through the skirt (6) and into the fluidizing space (7), which is connected to a compressor (10) for
injection of the fluidizing medium.

5. CONCLUSION

In this paper, the methodology of innovation of a ball mill design with a fluidization device equipment for of
patent in cooperation with the commercial sector under the auspices of the university. The main objective was
the equipment innovation from the draft idea through the cooperation with the patent representative and the
university as far as to finding of a commercial partner for the registered patent.

The device can be used in the treatment of particulate materials - crushing of individual particles (grinding -
e.g. mineral) and at the same time can be used for example in the food industry or pharmaceutical industry for
mixing various materials and forming dry mixtures. The device can be used in horizontal and vertical mills.
Optionally for aeration of materials such as sludge.

(Source:https://worldwide.espacenet.com/publicationDetails/biblioc?DB=EPODOC&II=0&ND=3&adjacent=tru
e&locale=en EP&FT=D&date=20180808&CC=CZ&NR=2017506A3&KC=A3)
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