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(54) GRINDING ROTOR FOR AN ORE MILL

(57) The present application relates to a the grinding
rotor for an ore mill. The grinding rotor comprise a body
configured as a disc with two opposed surfaces and a
circumference. The body is rotatable about a central axis
and comprises a plurality of protective elements evenly
spaced apart of each other on at least one of the two
surfaces of the body and protruding from the at least one
surface. The body as well as the plurality of protective
elements are made of a first material or first composition.
A first coating completely encases the body and at least
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completely fills spaces between the protective elements,
thereby forming a disc shaped shell on the body, the first
coating being made of a second material or second
composition which has a lower wear resistance than
the first material or the first composition. The present
application also relates to a method for manufacturing a
grinding rotor, an ore grinding mill comprising a grinding
rotor as well as a method of operation of an ore grinding
mill.

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 520 435 A1 2

Description
Technical Field

[0001] The invention relates to a grinding rotor for an
ore mill having a body configured as a disc. Further, the
invention also relates to a method for manufacturing a
grinding rotor, to an ore mill comprising at least one
grinding rotor as well as to a method of grinding particu-
late ore mineral material.

Background Art

[0002] Grinding rotors for ore mills are used to stir
particulate mineral ore material and grinding media within
a mill body in order to obtain ground mineral particles. A
plurality of grinding rotors are usually arranged on a shaft
located within the mill body and rotated about an axis by
said shaft. Thereby, the rotation of the grinding rotors
induces a circular flow of the particulate mineral ore
material and grinding media within the mill body. This
leads to attrition between the grinding media and the
particulate mineral ore material which brakes up the latter
into smaller mineral particles. However, direct contact of
the grinding material on the grinding rotors produces a
high wear on the grinding rotors, which may lead to
severe damages thereto necessitating a replacement
of the grinding rotor. In order to solve this problem,
grinding rotors having protective elements have been
developed.

[0003] Forexample, EP 4132713 describesagrinding
rotor comprising a planar body having an axis of rotation
around which the body is configured to rotate during use
as well as a plurality of protective elements provided on
the body and extending transversely across the body.
The protective elements are spaced apart from each
other around the axis of rotation, at least some of the
protective elements have a rotationally leading face that
is angled relative to an orthogonal line extending ortho-
gonally from the axis of rotation of the body. The protec-
tive elements are provided on the body, extend laterally
outwardly from either one or both of the surfaces of the
body, and extend beyond the outer edge of the body.
[0004] Another grinding rotor is described in EP 3 328
546. Said grinding rotor comprises one or more protec-
tive elements to deflect particulate material and grinding
media from the planar body. The protective elements
extend radially from an outer edge of the body as well
as from opposed surfaces of the body.

[0005] However, such grinding rotors with protective
elements still suffer some drawbacks, as explained in the
following: In vertical mineral ore mills the grinding media,
usually in the form of ceramic balls, is filled within the mill
body only to a certain height, leaving a free space above
the grinding media filled space of the mill body. The
particulate mineral ore material usually raises through
this free space after having been inserted into the mill
body through aninlet opening, which is usually located on
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the bottom of the mill body. In this free space, grinding
rotors with no protective elements may be used, as no
collision with grinding media is to be expected. However,
during operation of an ore mill, the height of the grinding
media filled space of the mill body usually increases. This
leads to the problem that a grinding rotor with no protec-
tive elements, which was located outside of the grinding
media filled space at the start of the grinding process,
may subsequently be located within the grinding media
filled space through the height increase. In this case,
such a grinding rotor will be subject to a high amount of
wear and will hence have to be replaced quite quickly.
One possibility to overcome this problem is to use grind-
ing rotors having protective elements close above the
grinding media filled space at the beginning of the grind-
ing operation. However, this leads to another problem, as
some of the grinding media may bounce out of the
grinding media filled space and be pounded by the pro-
tective elements towards an inner wall of the mill body,
thereby causing damage to said inner wall.

Summary of the invention

[0006] Itisanobjectoftheinventionto create agrinding
rotor which overcomes the disadvantages known in the
prior artand which especially may be used atany location
along a shaft of a grinding mill without increasing the risk
of damage to the mill body while retaining an optimal wear
resistance.

[0007] The solution of the invention is specified by the
features of claim 1. According to the invention, the grind-
ing rotor for an ore mill comprises a body configured as a
disc with two opposed surfaces and a circumference. The
body is rotatable about a central axis and comprises a
plurality of protective elements evenly spaced apart of
each other on at least one of the two surfaces of the body
and protruding from the atleast one surface. The body as
well as the plurality of protective elements are made of a
first material or first composition. A first coating comple-
tely encases the body and at least completely fills spaces
between the protective elements, thereby forming a disc
shaped shell on the body, the first coating being made of a
second material or second composition which has a
lower wear resistance than the first material or the first
composition.

[0008] Provision of the first coating leads to a grinding
rotor having a substantially smooth surface which may be
used outside of the space filled with grinding material
without the risk of damages to a mill housing. When the
grinding rotor is used in the space with grinding material,
the interaction of the grinding material with the grinding
rotor will wear off the first coating over time, hence ex-
posing the body with the plurality of protective elements.
Therefore, grinding rotors will have an outer shape which
adapts over time depending on the exposure of the
grinding rotor to the grinding material. The grinding rotor
will therefore always exhibit an outer surface that is
optimally adapted to the fill level of grinding material
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within a mill body in which the grinding rotor is used, i.e.
with exposed protection elements in a space filled with
grinding material and with a smooth outer surface in a
space above the grinding material.

[0009] Hence, the grinding rotor according to the pre-
sentinvention allows for an optimal grinding process with
a reduced occurrence of damages to an inner wall of the
mill body and with a reduced wear of the grinding rotors.
[0010] The grinding rotor has the shape of a disc with a
defined radius and with a defined height in a direction
orthogonal to the radius. The radius thereby is larger than
the height, preferably at least double the height. The
circumference defines a circumferential edge surface
of the body.

[0011] The body comprises a rotation centre which is
concurrent with the origin of the disc. The central axis
intersects with the rotation centre and is orthogonal to the
radius of the disc. The central axis thereby is parallel to
the height of the disc. The disc preferably comprises an
aperture in the area of the rotation centre through which a
shaft of the ore mill may be inserted. The aperture pre-
ferably is circular and concentric with the rotation centre
of the disc. Alternatively, the aperture may be of any
suitable shape, such as rectangular, hexagonal or any
other polygonal shape. The body preferably comprises
connection means, preferably located next to or close by
the aperture in order to releasably connect the body a the
shaft of the mill.

[0012] The plurality of protective elements preferably
are distributed at even angular distances from each other
on the at least one of the two opposed surfaces of the
body. Preferably, the plurality of protective elements are
spaced from each other at an angular distance of 360°/n,
where n is the number of protective elements on the at
least one surface.

[0013] The protective elements protrude from the at
least one surface and away thereof in a direction sub-
stantially parallel to the central axis.

[0014] The protective elements preferably extend from
the rotation centre of the body or from an edge of an
aperture located in the area of the rotation centre at least
to the circumference of the body. Thereby, the protective
elements may follow a straight line from the rotation
centre at least to the circumference or they may follow
a curved or meandering line. If the protective elements
are following a meandering line, the meandering line
preferably is in the shape of a sinusoid. In order to avoid
any unbalance of the body when the body is rotated about
the central axis, the plurality of protective elements are
shaped and distributed about the at least one surface
such that the centre of mass of the grinding rotor is
located on the central axis.

[0015] In certain embodiments, each of the protective
elements may configured as a single block of any suitable
shape extending from the rotation centre at least to the
circumference of the body and following animaginary line
on said body. In other embodiments, each protective
element may be configured as a series of protrusions
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following a straight, curved or meandering imaginary line
from the rotation centre at least to the circumference of
the body. Inthe case thatthe imaginary line is in the shape
of a meandering line, the meandering line preferably has
a sinusoid shape. The protrusions may be of any suitable
shape, e.g. cubes, hemispheres, pyramids, rods or the
like.

[0016] The protective elements are preferably ar-
ranged on a radius of the body, i.e. the protective ele-
ments follow an imaginary line which is congruent with a
radius of the body. In the case of cuboid protective ele-
ments, a middle axis of the cuboid is thereby preferably
parallel to a radius in the direction of the central axis. In
the case of protective elements following an imaginary
meandering line, a bisecting axis of the imaginary mean-
dering line preferably is congruent with a radius of the
body.

[0017] If the protective elements follow an imaginary
curved line, the curvature of the imaginary line preferably
starts at the rotation centre or an edge of an aperture
located in the area of the rotation centre and follows a
curvature up to at least the circumference of the body.
Thereby the imaginary line is arranged at an angle re-
lative to a tangent of the circumference when reaching
the circumference. The curved imaginary line preferably
has a constantradius, i.e. corresponds toacirculararc. In
other embodiments, the curved imaginary line may be in
the form of a partial ellipse, of a hyperbole or any other
suitable curved shape.

[0018] In other preferred embodiments, the protective
elements may be inclined at a defined angle relative to a
radius of the body. This means that a middle axis of
cuboid shaped protective elements intersects a radius
of the body at the defined angle. For protective elements
following a meandering imaginary line, a bisecting axis of
the meandering imaginary line intersects a radius of the
body at the defined angle. The middle axis or bisecting
axis may thereby intersect the radius at any location
along the radius.

[0019] In a preferred embodiment, the protective ele-
ments are configured as discs protruding from the atleast
one surface in a direction parallel to the central axis, each
of said discs preferably having a diameter which spans at
least from the circumference to an aperture located in the
area of the rotation centre, i.e. the diameter of each disc
corresponds to the distance along a radius of the body
from the circumference of the body to an edge of the
aperture, wherein the origin of each disc shaped protec-
tive element is arranged on a radius of the body.

[0020] Preferably, all protective elements of the grind-
ing rotor have the same shape and same dimensions.
However, in certain embodiments, the protective ele-
ments may be of two or more different shapes and/or
dimensions. However, preferably, all protective elements
have the same extension in a direction parallel to the
central axis, i.e. all protective elements have the same
height relative to the at least one surface. Preferably, the
protective elements have a substantially flat top surface
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which is preferably parallel to the at least one surface of
the body. The top surface of the protective elementsis the
surface which is spaced from the at least one surface of
the body.

[0021] The body and the protective elements are made
of the same first material. Preferably, the body and the
protective elements are made as a single piece. For
example, such a single piece may be manufactured by
die casting, compression moulding, injection moulding,
milling or any other suitable fabrication method. In other
preferred embodiments, the body as well as each of the
plurality of protective elements are individual pieces,
wherein the protective elements are subsequently fas-
tened to the body, e.g. by welding, gluing or by means of
mechanical fasteners, such as screws, bolts, rivets or the
like.

[0022] The first material or first composition preferably
has a wear resistance which is sufficient to withstand the
wear exerted by operation of the mill and hence collisions
between the grinding material, which preferably is in the
form of ceramic balls, for a running time of several weeks.
The first material preferably is steel or a steel alloy.
Preferably, the first composition comprises a polymer
material, a fibre-reinforced polymer or resin material,
or a vulcanized natural polymer material (NR), butadiene
rubber (BR), or a mixture thereof.

[0023] The first coating encases the body, i.e. the first
coating completely envelops the body of the grinding
rotor. This means that the first coating is applied on both
surfaces of the body as well as around the circumference
thereof. Further, the first coating completely fills spaces
between the protective elements, i.e. any space between
two adjacent protective elements is completely filled with
the first coating. The first coating thereby reaches at least
to the level of the top surface of the protective elementsin
the direction of the central axis. In this way, the first
coating forms a shell around the body. The shell prefer-
ably has substantially smooth surfaces, which are further
preferably parallel to the two surfaces and to the circum-
ferential edge surface of the body.

[0024] The second material or second composition of
the first coating has a lower wear resistance than the first
material or first composition and will hence wear off more
quickly during use of the grinding rotor in an ore mill.
Preferably, the second material or second composition
has a wear resistance which is at least 20%, more pre-
ferably atleast 30%, even more preferably 40% and most
preferably atleast 50% lower than the wear resistance of
the first material or first composition.

[0025] Preferably, the first material has a volume loss
of between 30 mm3 to 60 mm3, as measured according to
the standard 1ISO 4649:2017, Method A.

[0026] Preferably, the second material has a volume
loss of between 65 mm3 to 160 mm3, as measured
according to the standard ISO 4649:2017, Method A.
[0027] It is to be noted that a higher volume loss
indicates a lower wear resistance as compared to a
smaller volume loss. l.e. the smaller the volume loss
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the better the wear resistance of the material.

[0028] Preferably, the first material has a shore A hard-
ness of between 60 to 90. Experiments have shown that
the use of a first material having a shore A hardness in this
range yields the bestresults, as the first material is able to
withstand deformation by impacts with grinding media
while still being able to slightly yield upon such impacts,
so that the grinding elements are not catapulted with too
high energy away of the grinding rotor.

[0029] Preferably, the first material has a tensile
strength of between 16 MPa to 30 MPa as measured
according to the standard ISO 37:2017. Preferably, the
firstmaterial has an elongation at break of between 480%
to 650% as measured according to the standard 1SO
37:2017.

[0030] The second material preferably has a tensile
strength of between 25 MPa and 35 MPa as measured
according to the standard 1ISO 37:1997. Preferably, the
second material has an elongation at break of between
400% and 600% as measured according to the standard
ISO 37:2017.

[0031] Preferably, the first and the second material is a
mixture of natural rubber (NR) and butadiene rubber (BR)
most preferably having a volume loss and tensile
strength as specified above. Alternatively, the first mate-
rial may comprise a natural rubber (NR) or a mixture of
natural rubber (NR) and butadiene rubber (BR) while the
second material comprises a polyurethane, preferably a
polyurethane based on a polyether polyol or polyester
polyol. Alternatively, the first material may comprise a
polyurethane while the second material may comprise a
natural rubber (NR) or a mixture of natural rubber (NR)
and butadiene rubber (BR).

[0032] Preferably, the body comprises protective ele-
ments on both surfaces. Preferably, the protective ele-
ments have the same configuration on both surfaces,
especially in view of the shape, dimensions and/or the
spacing of the protective elements. Preferably, the con-
figuration of both sides of the body, especially in view of
the configuration of the protective elements, is symmetric
in view of a tangent plane of the central axis cutting the
body in the middle of its height.

[0033] Preferably, atleast one of the plurality of protec-
tion elements protrude outward of the circumference of
the body. This means that the at least one protection
element extend further from the rotation centre than the
circumference of the body. As such, the at least one
protection element comprises a part which forms an
overhang protruding from the circumference of the body.
[0034] Preferably, all protective elements protrude out-
ward of the circumference of the body. However, in
certain embodiments, only a fraction of the protective
elements protrude outward of the circumference of the
body, such as e.g. half of the protective elements.
[0035] Preferably, the atleastone protective elementis
additionally configured to protrude from the circumferen-
tial edge surface of the body. This means that the part of
the at least one protective element that overhangs from
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the circumference extends at least partially over the
circumferential edge surface of the body.

[0036] If the body comprises protective elements on
both surfaces, protective elements arranged symmetri-
cally to each other on both surfaces preferably are con-
nected by means of the part extending at least partially
over the circumferential edge surface of the body. In this
case, the protective elements as well as the part form a
kind of C-shaped element when viewed in a direction
orthogonal to the central axis.

[0037] Preferably, the plurality of protective elements
are all completely encased by the first coating. This
means that the first coating extends over each surface
of the protective elements. Preferably, the first coating
thereby forms a shell in the shape of a disc completely
encasing the grinding rotor. Of course, in order to use the
grinding rotor in an ore mill, the casing comprises an
aperture which is congruent with an aperture of the disc,
such that the grinding rotor may be arranged on a shaft of
the ore mill.

[0038] Preferably, the body comprises a core made ofa
metal or metal alloy, preferably steel, completely en-
cased in the first material. This configuration provides
more dimensional stability to the body. The first material
thereby forms a kind of second coating around the core.
The core is preferably also in the shape of a disc, albeit
with smaller dimensions, i.e. a smaller radius and a
smaller height as the dimensions of the body.

[0039] Preferably, the first material or composition
comprises at least one polyurethane, at least one natural
rubber (NR), at least one butadiene rubber (BR), or a
mixture thereof. Most preferably, the first material com-
prises a mixture of atleast one natural rubber (NR) and at
least one butadiene rubber (BR).

[0040] Preferably, the second material or composition
comprises at least one polyurethane, at least one natural
rubber (NR), at least one butadiene rubber (BR), or a
mixture thereof.

[0041] Preferably, the body comprises an annular re-
cess separating the disc into an outer annular element
and an inner annular element. Both annular elements are
concentric and are connected to each other by means of
at least two bridges. The plurality of protective elements
are arranged on at least one surface of the outer annular
elementand the first coating at least partially encases the
outer annular element.

[0042] The present application further relates to a
method for manufacturing a grinding rotor for an ore mill.
In afirst step of the method, a body of the grinding rotoris
manufactured. The body is configured as a disc with two
opposed surfaces and a circumference. The body is
rotatable about a central axis and comprises a plurality
of protective elements evenly spaced apart of each other
on at least one of the two surfaces of the body and
protruding from the at least one surface. The body as
well as the plurality of protective elements are made of a
first material or first composition. In a next step, a first
coating is applied on the body an in spaces between the
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protective elements such that the body is completely
encased by and the spaces are at least completely filled
with the first coating, the coating being made of a second
material or second composition which has a lower wear
resistance than the first material. Finally, the second
material or second composition is cured or vulcanized.

[0043] The grinding rotor manufactured by the method
preferably is a grinding rotor according to an embodiment
as disclosed above.

[0044] The second material or composition is applied
tothe body in a flowable state in any suitable means, e.g.
by spraying or casting on the body and into the spaces. In
order to prevent any outflow of the second material or
composition, the application of the second material or
composition is performed in a mould into which the body
may be placed.

[0045] The curing or vulcanization of the second ma-
terial or composition may be performed by any suitable
means, e.g. such as by heating, irradiation with light of a
specific wavelength, by application of a cross-linking or
vulcanization agent, such as e.g. sulphur, peroxides,
metallic oxides, acetoxysilane or urethane, by compres-
sion moulding, or the like.

[0046] The body may be manufactured by any suitable
method, such as e.g. by die casting, injection moulding,
compression moulding, or milling.

[0047] The presentapplication further relates to an ore
grinding mill comprising a mill body and a motor. The mill
body comprises a drive shaft coupled to the motor and
arranged within the mill body. A plurality of grinding rotors
according to any embodiment as disclosed above are
fastened to the drive shaft spaced one from another along
alength of the drive shaft. The ore grinding mill preferably
is a vertical ore grinding mill. Alternatively, the ore grind-
ing mill may also be a horizontal ore grinding mill. The
drive shaftis preferably coupled to the motor by means of
a suitable gear, for example by a spur gear, preferably
with a plurality of gear wheels. The rotational speed of the
motor may be reduced by means of the gear, while the
torque acting on the drive shaft may be increased. The
motor preferably is an electric motor.

[0048] The mill body preferably is configured as a
cylindrical body and preferably comprises an inlet for
introducing grinding media as well as particulate ore
material into the mill body, as well as an outlet for retriev-
ing ground mineral particles. The inlet preferably is lo-
cated on the bottom of the mill body and the outlet on the
top thereof. A length axis of the mill body is preferably
arranged vertically relative to a surface on which the ore
mill is placed. In the case of a horizontal mill, the length
axis is preferably arranged in a horizontal direction, most
preferably parallel to a surface on which the ore mill is
placed.

[0049] The mill body preferably comprises a plurality of
shelves arranged on an inner surface of the mill body.
Such shelves Increase the grinding efficiency, as they
generate additional grinding zones, thus increasing the
grinding force exerted on the mineral ore particles.
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Further, shelves also prevent mineral ore particles to
bypass a grinding rotor.

[0050] The present application further relates to a
method for grinding particulate ore material in an ore
grinding mill, preferably an ore grinding mill as described
further above. In afirst step of the method, grinding media
is introduces into a mill body of the ore grinding mill such
thatthe mill body is at least partially filled with the grinding
media. Next, the particulate ore material is introduced
into the mill body. Subsequently, a drive shaft arranged
within the mill body is operated by means of a motor. The
drive shaft comprises a plurality of grinding rotors accord-
ing to any embodiment as described above. During op-
eration, the first coating of the grinding rotors is ablated
over time by interaction with the grinding media and the
particulate ore material, thereby forming an outer geo-
metry of each grinding rotor which corresponds to a fluidic
optimal shape for the positon of the specific grinding rotor
along the shaft.

[0051] The operation of the drive shaft, i.e. the rotation
thereof about its length axis induces a circular motion of
the grinding material and the particulate ore material
located within the mill body. This circular motion leads
to attrition between the grinding material and the parti-
culate ore material which leads to the grinding of the later
into smaller mineral particles.

[0052] The grinding material preferably is in the form of
ceramic balls.

[0053] Other advantageous embodiments and combi-
nations of features come out from the detailed description
below and the entirety of the claims.

Brief description of the drawings

[0054] The drawings used to explain the embodiments

show:

Figs. 1-3 a first embodiment of a grinding rotor
according to the present invention;

Figs. 4-6 a second embodiment of a grinding ro-
tor according to the present invention;

Figs. 7-9 a third embodiment of a grinding rotor
according to the present invention;

Figs. 10- 12 a fourth embodiment of a grinding rotor
according to the present invention;

Figs. 13- 15 a fifth embodiment of a grinding rotor
according to the present invention;

Figs. 16 - 18  a sixth embodiment of a grinding rotor
according to the present invention;

Fig. 19 a schematic side view of a body of a

further embodiment of a grinding rotor
according to the present invention;
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Fig. 20 a schematic side view of an embodi-
ment of an ore grinding mill according
to the present invention.

[0055] In the figures, the same components are given

the same reference symbols.
Preferred embodiments

[0056] Figures 1 to 3 show a first embodiment of a
grinding rotor 1 for a grinding mill according to the present
invention. Fig. 1 is a perspective view of the grinding rotor
1 without the first coating 13, Fig. 2 is a perspective view
of the grinding rotor 1 with the first coating 13 and Fig. 3 is
a perspective view of the grinding rotor 1 with a partial cut
through the first coating 13. Turning to Fig. 1, the grinding
rotor 1 comprises a body 2 which is configured as a disc.
The body 2 comprises a first surface 3 and a second
surface 4, which lies opposite to the first surface 3 and is
parallel thereto. Further, the body 2 comprises a circum-
ference 5. In the embodiment shown, the body 2 com-
prises an annular recess 7 which divides the body 2 into
an outer annular element 8 and an inner annular element
9. The outer annular element 8 and the inner annular
element 9 are connected to each other by means of three
bridges 10.1, 10.2, 10.3 which span across the annular
recess 7 in a radial direction. The body 2 includes a
rotation centre C around which the grinding rotor 1
may be rotated about a central axis A which includes
the rotation centre C and is perpendicular to the surfaces
3, 4 of the body 2. In order to be rotated, an aperture 11 is
provided on the inner annular element 9 so that the
grinding rotor 1 may be connected to a shaft of a grinding
mill. In order that this shaft may transmit a torque to the
grinding rotor 1, connection means 12 which are config-
ured as form-fit elements in the embodiment shown are
provided on the aperture 11.

[0057] The grinding rotor 1 further comprises a plurality
of protective elements 6 which protrude from the first
surface 3 as well as the second surface 4 in the embodi-
ment shown. Further, in this embodiment, the protective
elements 6 further protrude from the circumference 5 of
the body 2 and are all arranged on the outer annular
element 8. In this embodiment, the protective elements 6
are generally cubic and each extends along a radius R of
the body 2. The protective elements are distributed
evenly along the entire circumference of the outer annu-
lar element 8.

[0058] The body 2 as well as its protective elements 6
are made of the same first material.

[0059] Fig. 2 shows a perspective view of the same
grinding rotor 1 as shown in Fig. 1, albeit with the first
coating 13 applied thereon. The first coating 13 is made of
asecond material which has alower wear resistance than
the first material. The coating 13 is applied on the entire
outer section 8 in the embodiment shown and completely
covers said second section 8 as well as the protective
elements 6. This is readily visible in Fig. 3, which shows
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the grinding rotor of Fig. 2 with a part of the first coating 13
cut away. As may be seen, the thickness of the first
coating is chosen such that it is larger than the height
of the protective elements 6 in order to completely cover
the later. Thereby, the space between each protective
element 6 is completely filled with the second material of
the first coating 13. As may be readily seen in Fig. 3, the
first coating 13 also completely covers the parts of the
protective elements 6 protruding from the circumference
5 of the disc. As such, the first coating 13 provides a ring
like shell around the outer annular element 8 of the
grinding rotor 1.

[0060] Figures 4 to 6 show a second embodiment of a
grinding rotor 1 for a grinding mill according to the present
invention. Fig. 4 is a perspective view of the grinding rotor
1 of the second embodiment without the first coating 13,
Fig. 5 is a perspective view of the grinding rotor 1 of the
second embodiment with the first coating 13 and Fig. 6 is
a perspective view of the grinding rotor 1 with a partial cut
through the first coating 13.

[0061] Inessence, the grinding rotor 1 according to this
embodiment comprises the same features as the first
embodiment shown in Fig. 1 to 3. However, certain
features are configured differently.

[0062] A first apparent difference is that the outer an-
nular element 8 is offset in the direction of the central axis
A from the inner annular element 9. Further, instead of
using three bridges 10.1, 10.2, 10.3 the embodiment
shown only employs two bridges 10.1, 10.2 (of which
the second bridge 10.2 is hidden by the outer annular
element 8 in the perspective view used). As the outer
annularelement 8 is offset from the inner annular element
9, the bridges 10.1, 10.2 are angled relative to the annular
elements 8, 9. A further difference is the configuration of
the protective elements 6. In this embodiment, the pro-
tective elements 6 have a wedge shape when seen in the
direction of the first surface 3 or the second surface 4,
each of said wedges comprising an angle relative to a
radius R of the body 2.

[0063] Figures 7 to 9 show a third embodiment of a
grinding rotor 1 for a grinding mill according to the present
invention. Fig. 7 is a perspective view of the grinding rotor
1 according to the third embodiment without the first
coating 13, Fig. 8 is a perspective view of the grinding
rotor 1 of the third embodiment with the first coating 13
and Fig. 9 is a perspective view of the grinding rotor 1 of
the third embodiment with a partial cut through the first
coating 13.

[0064] Inessence, the grinding rotor 1 according to the
third embodiment comprises the same features as the
first embodiment shown in Fig. 1 to 3 and the second
embodiment as shown in Fig. 4 to 6. However, certain
features are configured differently.

[0065] According to the third embodiment, the protec-
tive elements 6 are configured as discs disposed on the
first surface 3 and the second surface 4 in the area of the
outer annular element 8. The disc shaped protective
elements 6 span the entire with of the outer annular
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element 8 in a direction of a radius R of the body 2. This
means that a diameter of each protective element 6
corresponds to the width of the outer annular element
8 in the direction of a radius R of the disc 2. Further, a
diameter of each disc shaped protective element 6 is
congruent with a radius R of the body 2. Contrary to the
first and second embodiment, the protective elements 6
do not protrude from the circumference 5 of the body 2.
Another difference is that a bridge protective element 14
is arranged on each of the bridges 10.1, 10.2, 10.3 on
both surfaces 3, 4.

[0066] Figures 10to 12 show a fourth embodiment of a
grinding rotor 1 for a grinding mill according to the present
invention. Fig. 10 is a perspective view of the grinding
rotor 1 according to the fourth embodiment without the
first coating 13, Fig. 11 is a perspective view of the
grinding rotor 1 of the fourth embodiment with the first
coating 13 and Fig. 12 is a perspective view of the
grinding rotor 1 of the fourth embodiment with a partial
cut through the first coating 13.

[0067] Inessence, the grinding rotor 1 according to the
fourth embodiment is configured similar to the third em-
bodiment as shown in Fig. 7 - 9 with the difference that the
protective elements 6 are dome shaped, i.e. the protec-
tive elements 6 have the shape of a half sphere.

[0068] Figures 13 to 15 show a fifth embodiment of a
grinding rotor 1 for a grinding mill according to the present
invention. Fig. 13 is a perspective view of the grinding
rotor 1 according to the fifth embodiment without the first
coating 13, Fig. 11 is a perspective view of the grinding
rotor 1 of the fifth embodiment with the first coating 13 and
Fig. 12 is a perspective view of the grinding rotor 1 of the
fifth embodiment with a partial cut through the first coating
13.

[0069] Inessence, the grinding rotor 1 according to this
embodiment comprises the same features as the first
embodiment as shown in Fig. 1 to 3. The only difference
to the first embodiment is the shape of the protective
elements 6. In this embodiment, the protective elements
6 have the shape of an ellipse when viewed in the direc-
tion of one of the surfaces 3, 4. Further, the protective
elements 6 do not protrude from the circumference 5 of
the body 2.

[0070] Figures 16 to 18 show a sixth embodiment of a
grinding rotor 1 for a grinding mill according to the present
invention. Fig. 16 is a perspective view of the grinding
rotor 1 according to the sixth embodiment without the first
coating 13, Fig. 17 is a perspective view of the grinding
rotor 1 of the sixth embodiment with the first coating 13
and Fig. 18 is a perspective view of the grinding rotor 1 of
the sixth embodiment with a partial cut through the first
coating 13.

[0071] Inessence, the grinding rotor 1 according to this
embodiment comprises the same features as the first
embodiment as shown in Fig. 1 to 3. The only difference
to the first embodiment is the shape of the protective
elements 6. In this embodiment, the protective elements
6 have the shape of half cylinder protruding from each
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surface 3, 4. Further, the protective elements 6 do not
protrude from the circumference 5 of the body 2.
[0072] Fig. 19 is a schematic side view of a body of a
further embodiment of a grinding rotor 1 according to the
present invention. The body 2 according to this embodi-
ment comprises a core 15 made of a metal or metal alloy
which is completely encased by the first material 16. Itis
to be noted that the protective elements 6 in this embodi-
ment are also made of the first material 16.

[0073] Fig. 20 is a schematic side view of an embodi-
ment of an ore grinding mill 17 according to the present
invention. The ore grinding mill 17 comprises a mill body
18 which is in the form of a vertical cylinder. The ore
grinding mill 17 further includes a motor 19 which drives a
drive shaft 20 at least partially arranged within the mill
body 18. A plurality of grinding rotors 1.1, 1.2, 1.3, 1.4,
1.5, 1.6 according to any embodiment described herein
are arranged on the drive shaft 20 to be driven in rotation
by the motor 19. In operation, the mill body 18 is at least
partially filled with grinding media, such that a spaced
filled with grinding media 21 and a space above the
grinding media 22 is formed in the mill body 18. When
grinding particulate ore material, the particulate ore ma-
terialis introduced into the mill body 17 through aninlet 24
located in a bottom area of the mill body 18. The parti-
culate ore material will subsequently raise through the
space filled with grinding media 21 into the space above
the grinding media 22. By rotating the grinding rotors 1.1,
1.2,1.3, 1.4, 1.5, 1.6 acircular flow of the grinding media
and particulate ore material is induced within the space
filled with grinding media 21. The particulate ore material
is thereby reduced in size by attrition with the grinding
media, which is typically provided in the form of ceramic
balls. Ground ore material is subsequently removed from
the mill body 18 through an outlet 23 located in a top area
of the mill body 17. The first coating 13 of the grinding
rotors 1.1, 1.2, 1.3, 1.4, 1.5, 1.6 is ablated through colli-
sions with the grinding media as well as the particulate
mineral material. Thereby, over time, the outer shape of
the grinding rotors 1.1, 1.2, 1.3, 1.4, 1.5, 1.6 is ablated to
an optimal shape for its relative position within the space
filled with grinding media 21, whereby the protective
elements may be exposed at least partially or entirely.
Itis to be noted that the grinding rotors 1.1, 1.2 located in
the space above the grinding media 22 will not be sub-
jected to ablation of their first coating and will therefore
retain a casing with a smooth surface. This eliminates the
risk, that individual grinding media particles which are
catapulted out of the space filled with grinding media 21
into the space above the grinding media 22 collide with
protective elements of the grinding rotors 1.1, 1.2 and are
thrown with force onto an inner wall of the mill body 18,
which might cause severe damage to said inner wall.

Claims

1. A grinding rotor for an ore mill comprising a body
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10.

1.

configured as a disc with two opposed surfaces and a
circumference, the body being rotatable about a
central axis and comprising a plurality of protective
elements evenly spaced apart of each other on at
least one of the two surfaces of the body and pro-
truding from the atleast one surface, the body as well
as the plurality of protective elements being made of
a first material or first composition, characterized in
that the body comprises a first coating completely at
least partially encasing the body and at least com-
pletely filling spaces between the protective ele-
ments, thereby forming shell at least on a part of
the body, the first coating being made of a second
material or second composition which has a lower
wear resistance than the first material or the first
composition.

The grinding rotor according to claim 1, character-
ized in that the first material has a volume loss of
between 30 mm3 to 60 mm3.

The grinding rotor according to any of claims 1 or 2,
characterized in that the second material has a
volume loss of between 65 mm3 to 160 mm3.

The grinding rotor according to any of claims 1 to 3,
characterized in that the first material has a shore A
hardness of between 60 to 90.

The grinding rotor according to any of claims 1 to 4,
characterized in that the body comprises protective
elements on both surfaces.

The grinding rotor according to any of claims 1 to 5,
characterized in that at least one of the plurality of
protection elements protrude outward of the circum-
ference of the body.

The grinding rotor according to any of claims 1 to 6,
characterized in that the plurality of protective ele-
ments are all completely encased by the first coating.

The grinding rotor according to any of claims 1to 7,
characterized in that the body comprises a core
made of a metal or metal alloy, preferably steel,
completely encased in the first material.

The grinding rotor according to any of claims 1 to 8,
characterized in that the first material or composi-
tion comprises at least one polyurethane or rubber.

The grinding rotor according to any of claims 1 to 9,
characterized in that the second material or com-
position comprises at least one polyurethane or rub-
ber.

The grinding rotor according to any of claims 1 to 10,
characterized in that the body comprises an annu-
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13.
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lar recess separating the disc into an outer annular
element and an inner annular element, both annular
elements being concentric and being connected to
each other by means of at least two bridges, the
plurality of protective elements being arranged on at
least one surface of the outer annular element and
the first coating at least partially encasing the outer
annular element.

A method for manufacturing a grinding rotor, prefer-
ably a grinding rotor according to any of claims 1 to
11, comprising the steps of:

a) producing a body of the grinding rotor config-
ured as a disc with two opposed surfaces and a
circumference, the body being rotatable about a
central axis and comprising a plurality of protec-
tive elements evenly spaced apart of each other
on at least one of the two surfaces of the body
and protruding from the at least one surface, the
body as well as the plurality of protective ele-
ments being made of a first material or first
composition;

b) applying a first coating on at least a part of the
body an in spaces between the protective ele-
ments such that the body is partially encased by
and the spaces between the protective ele-
ments are at least completely filled with the first
coating, the first coating being made of a second
material or second composition which has a
lower wear resistance than the first material;
c) curing or vulcanizing the second material or
second composition.

Ore grinding mill comprising a mill body and a motor,
the mill body comprising a drive shaft coupled to the
motor and arranged within the mill body, character-
ized in that a plurality of grinding rotors according to
any of claims 1 to 11 are fastened to the drive shaft
spaced one from another along a length of the drive
shaft.

Method for grinding particulate ore material in an ore
grinding mill, comprising the steps of:

a) introducing grinding media into a mill body of
the ore grinding mill such that the mill body is at
least partially filled with the grinding media;

b) introducing the particulate ore material into
the mill body;

c) operating a drive shaft arranged within said
mill body by means of a motor, the drive shaft
comprising a plurality of grinding rotors accord-
ing to any of claims 1 to 11;

d) wherein the first coating of the grinding rotors
is ablated over time by interaction with the grind-
ing media and the particulate ore material, there-
by forming an outer geometry of each grinding
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rotor which corresponds to a fluidic optimal
shape for the positon of the specific grinding
rotor along the shaft.
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