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has a cylindrical or conical grinding chamber for accommo-
dating grinding bodies and for accommodating the material
which is to be ground or dispersed. It also has an inlet, which
is arranged at one end of the grinding chamber, an agitator,
which extends in the axial direction into the grinding chamber
and has agitating means, and a product outlet for the ground
or dispersed material, the product outlet being arranged at the
other end of the grinding chamber. Arranged in a central
region at the outlet end of the grinding chamber is a gas outlet
through which gaseous components, but not grinding bodies,
can be discharged out of the grinding chamber.
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AGITATOR BALL MILL

[0001] The invention relates to an agitator ball mill accord-
ing to the independent claim.

[0002] Agitator ball mills are used, for example, for com-
minuting or dispersing solids in a liquid phase, in particular
for nanotechnology products, but also, for example, for dye
suspensions, paints, inks, agrochemicals, filler suspensions,
cosmetics, foods, pharmaceuticals or microorganisms.

[0003] The material which is to be ground, or dispersed in
a liquid, is introduced into the grinding chamber through the
inlet which is arranged at one end of the grinding chamber,
and 1s ground or dispersed in this grinding chamber. The
material here is moved gradually through the grinding cham-
ber, whereupon the ground or dispersed material can be dis-
charged out through a separating means, e.g. through a
dynamic separating gap or through a slotted screen, and then
through an outlet, which is arranged at the end located oppo-
site the inlet. When the agitator ball mills are in operation, the
basic distinction is drawn between batch operation and circu-
lating operation.

[0004] During batch operation, the material which is to be
ground or dispersed is pumped from a first vessel, through the
agitator ball mill, into a second vessel. In order to achieve a
desired degree of fineness of the ground or dispersed product,
it is possible for the product, if appropriate, to be pumped
once again from the second vessel, through the agitator ball
mill, into a further vessel, and so on (multi-pass batch opera-
tion).

[0005] During circulating operation, the material which is
to be ground or dispersed is pumped out of a vessel into the
agitator ball mill and back again into the same vessel, until the
desired degree of fineness of the ground or dispersed product
has been achieved. The basic functioning of such agitator ball
mills is known and described, for example, in EP 0 627 262 or
DE 2 215790.

[0006] Agitator ball mills make use of various separating
techniques in order to separate the ground or dispersed prod-
uct from the grinding bodies. Examples of these techniques
are dynamic separating gaps, which comprise a rotor and a
stator, and screens, e.g. slotted screens. On account of the
greater through-passage surface area, it is generally possible
to realize a higher throughput by using screens. However, the
through-passage through the slots of the slotted screens can
be obstructed, inter alia, by gas bubbles if the material which
is to be ground is not degassed prior to entrance into the
grinding chamber. Moreover, the space which contains the
gas bubbles is not available for grinding or dispersing, and gas
bubbles can result in crust formation and in the sticking
together of the grinding bodies and/or the material which is to
be ground or dispersed. This results in a reduction in the
grinding capacity and, in extreme cases, may lead to the
agitator ball mill being blocked. When gas bubbles occur in
the material, the bubbles are comminuted further by turbu-
lence and grinding bodies, which may also result in foaming
and thus in the screen being blocked to an even more pro-
nounced extent. The pressure in the grinding chamber here
can increase quite considerably and become so high that, in
extreme cases, operation of the agitator ball mill has to be
interrupted.
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[0007] Ttis therefore an object of the invention to improve
an agitator ball mill of the type mentioned to the extent where
the aforementioned problems no longer occur or, at least, are
vastly reduced.

[0008] This object is achieved according to the invention by
an agitator ball mill as is characterized by the features of the
independent claim. Advantageous exemplary embodiments
of the agitator ball mill according to the invention form the
subject matter of the dependent claims.

[0009] In particular the agitator ball mill according to the
invention for finely grinding or dispersing a material has a
cylindrical or conical grinding chamber for accommodating
grinding bodies and for accommodating the material which is
to be ground or dispersed. It also has an inlet for the material
whichis to be ground or dispersed, the inlet being arranged at
one end of the grinding chamber, and an agitator, which
extends in the axial direction into the grinding chamber and
has agitating means by way of which the grinding bodies and
the material which is to be ground or dispersed are moved in
the grinding chamber. Finally, it has a product outlet for the
ground or dispersed material, the outlet being arranged at the
other end of the grinding chamber. Arranged in a central
region at the outlet end of the grinding chamber is a gas outlet
through which gaseous components, but not grinding bodies,
can be discharged out.

[0010] The present invention is thus an venting system for
removing gaseous components from the grinding chamber.
The centrifugal force which is generated by the agitator, by
way of'its agitating means, is utilized here in order to separate
the gaseous components, in particular gas bubbles, from a
solids suspension. In the centrifugal force field, the solids
suspension and the grinding bodies are centrifuged outwards
on account of their higher density (in comparison with the gas
bubbles), while the gas bubbles, e.g. air bubbles, remain in the
central region (approximately in the centre). This separation
takes place basically irrespective of the type and form of the
agitating means of the agitator. It is thus possible for “gas to
be vented” from the grinding chamber through the gas outlet
arranged centrally at the outlet end of the grinding chamber.
Depending on the configuration of this gas outlet, it is pref-
erably possible for the gas outlet to be provided with a screen,
in order to prevent grinding bodies from flowing out.

[0011] The venting of gas can be achieved in various ways
in design terms. While it is basically sufficient to have an
venting bore, the gas outlet comprises, in the case of an
exemplary embodiment of the agitator ball mill according to
the invention, a gas-outlet channel extending in the axial
direction.

[0012] A number of variants are conceivable here. Thus, in
the case of an exemplary embodiment of the agitator ball mill
according to the invention, the agitator has a shaft, on which
the agitating means are fixed, and the axially extending gas-
outlet channel runs through the shaft.

[0013] In the case of a further exemplary embodiment of
the agitator ball mill according to the invention, the axially
extending gas-outlet channel extends through a terminating
wall which is arranged at the outlet end and bounds the
cylindrical or conical grinding chamber. This variant is
straightforward in design terms and makes a number of fur-
ther variants possible, as will be explained hereinbelow.
[0014] Thus, in the case of a further exemplary embodi-
ment of the agitator ball mill according to the invention, the
product outlet for the ground or dispersed material is likewise
arranged in the central region of the outlet-end terminating
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wall, and comprises a product-outlet channel extending in the
axial direction through the outlet-end terminating wall. It is
possible here for the product-outlet channel and the gas-outlet
channel to be designed as outlet channels which are separate
from one another. As an alternative, the exit of the gas-outlet
channel can open out into the product-outlet channel
upstream of the exit of the product-outlet channel. This makes
it possible to achieve a kind of Venturi effect, in that the air can
be entrained by the outflowing product.

[0015] In the case of a further exemplary embodiment of
the agitator ball mill according to the invention, a separating
means (e.g. a slotted screen) which is permeable to the ground
or dispersed material, but not to the grinding bodies, is
arranged upstream of the product outlet, or upstream of the
product-outlet channel, such that the ground or dispersed
material can pass only essentially radially through the sepa-
rating means and then into the product outlet or the product-
outlet channel. The ground or dispersed product, which has
been displaced radially outwards by the centrifugal force, can
thus flow back radially through the separating means in the
direction of the product outlet, which is arranged centrally in
the outlet-end terminating wall. The grinding bodies here are
restrained by the separating means, while the ground or dis-
persed product with the desired specifications (particle size)
can flow through the separating means (e.g. the slotted
screen) in the direction of the product outlet. The separating
means here may be designed as a cylindrical screen cartridge,
the gas-outlet channel running in the axial direction through
the centre of the interior of the screen cartridge. The cylindri-
cal screen cartridge can easily be exchanged or cleaned,
should this be necessary.

[0016] As already mentioned in the introduction, it is pos-
sible, in the case of an exemplary embodiment of the agitator
ball mill, for a screen to be arranged at the entrance to the gas
outlet or the gas-outlet channel, and this screen is designed
such that it restrains at least the grinding bodies in the grind-
ing chamber.

[0017] Inorderto enhance the venting of gas, the exit of the
gas outlet or of the gas-outlet channel may be connected to a
vacuum vessel. The product taken in by the vacuum can be
separated off and be returned separately to the inlet of the
agitator ball mill.

[0018] As already mentioned, the type and form of agitat-
ing means on the shaft of the agitator can be selected opti-
mally depending on the purpose for which they are required.
In particular, the agitator may have a shaft which has paddle
wheels, discs or pins fixed thereon as agitating means.
[0019] Further advantageous aspects of the agitator ball
mill according to the invention can be gathered from the
following description of exemplary embodiments, with the
aid of the drawing, in which, schematically:

[0020] FIG. 1 shows a detail of a first exemplary embodi-
ment of an agitator ball mill according to the invention,
[0021] FIG. 2 shows a detail of a second exemplary
embodiment of an agitator ball mill according to the inven-
tion,

[0022] FIG. 3 shows a detail of a third exemplary embodi-
ment of the agitator ball mill according to the invention,
[0023] FIG. 4 shows a detail of a fourth exemplary embodi-
ment of the agitator ball mill according to the invention, and
[0024] FIG. 5 shows a fifth exemplary embodiment of the
agitator ball mill according to the invention, with a vacuum
vessel connected to the gas-outlet channel.
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[0025] FIG.1illustrates a detail (outlet end) of a first exem-
plary embodiment of the agitator ball mill 1 according to the
invention, in the case of which a gas-outlet channel 140 is led
out through the outlet-end terminating wall 100 of the grind-
ing chamber 10. The separate product outlet or product-outlet
channel has not been illustrated for this exemplary embodi-
ment. Agitating means 131 designed in the form of discs are
arranged on the shaft 130 of the agitator 13.

[0026] FIG. 2 shows a detail (outlet end) of a second exem-
plary embodiment of the agitator ball mill 1a according to the
invention, with a gas-outlet channel 140a running axially
through the shaft 130a of the agitator 134. In the case of this
exemplary embodiment, the gas-outlet channel 140a, rather
than being led outwards through the outlet-end terminating
wall 100a of the grinding chamber 10a, is led outwards in the
shaft 130a of the agitator. It is also the case with this exem-
plary embodiment that the agitating means 131a in a manner
similar to the exemplary embodiment according to FIG. 1 are
designed in the form of discs.

[0027] FIG. 3 shows a detail (outlet end) of a third exem-
plary embodiment of the agitator ball mill 15 according to the
invention, with the grinding chamber 106 and with the shaft
1305 of the agitator 135, the shaft having agitating means
1315 in the form of paddle-wheel-like accelerators arranged
on it. The gas-outlet channel 1405 runs through the centre of
the interior of a screen cartridge 1505, but, rather than being
led out of the grinding chamber 105 as a separate gas-outlet
channel 1405, opens out into the product-outlet channel 1205
in the region of the exit-end terminating wall 1005. This
makes it possible to achieve a kind of Venturi effect, because
the gaseous components, e.g. gas bubbles, are entrained by
the solids suspension pumped through the product-outlet
channel 1204.

[0028] FIG. 4 shows a detail (outlet end) of a fourth exem-
plary embodiment of the agitator ball mill 1¢ according to the
invention, in the case of which, in addition to the paddle-
wheel-like agitating means 131¢ (accelerators), it is also pos-
sible to see an additional agitating means 131cintheregion of
the end of the shaft 130¢ of the agitator 13¢. Moreover, in the
case of this exemplary embodiment, the gas-outlet channel
140c¢ is led out of the grinding chamber 10c¢ separately
through the screen cartridge 150¢ and through the outlet-end
terminating wall 100c¢, that is to say—in contrast to the exem-
plary embodiment according to FIG. 3—it does not open out
into the product-outlet channel 120c.

[0029] FIG. 5 shows a schematic illustration of a fifth
exemplary embodiment of the agitator ball mill 14 according
to the invention, with a vacuum vessel 2 which is connected to
the gas-outlet channel 1404 of the agitator ball mill 1d. The
fifth exemplary embodiment of the agitator ball mill 14
according to the invention, again, comprises a cylindrical
grinding chamber 104 and an inlet 11, which is arranged at
one end of the grinding chamber 104 and is intended for the
material which is to be ground or dispersed e.g. a solids
suspension. The material which is to be ground or dispersed
can be fed to the grinding chamber 10d through the inlet 11.
The grinding chamber 104 contains, during operation, the—
typically spherical—grinding bodies (not illustrated), which
consist, for example, of a ceramic material or of some other
highly abrasion-resistant material. Also arranged in the grind-
ing chamber 104 is the agitator 134 which can be rotated
about the chamber axis, as axis of rotation 1014, and has
agitating means 1314 fixed on its shaft 1304.
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[0030] Furthermore, the exemplary embodiment of the agi-
tator ball mill 14 according to FIG. 5 has a product outlet 12,
which is arranged at the other end (outlet end) of the grinding
chamber 104 and is intended for the ground or dispersed
material. The product outlet 12 comprises a product outlet
channel 1204 which extends through the outlet-end terminat-
ing wall 1004 of the grinding chamber 104 and in this case, by
way of example, is in the form of a curved piece of tube. FI1G.
5 also shows a gas outlet 14 in the form of a gas-outlet channel
1404, which is arranged centrally at the outlet end of the
grinding chamber 104 and in this case, by way of example, is
designed in the form of a separate piece of tube which is led
out of the grinding chamber 104 separately from the piece of
tube in the form of the product-outlet channel 1204.

[0031] Ttisalso possibleto seein FIG. 5, in the region of the
outletend of the grinding chamber 104, a separating means 15
in the form of a cylindrical screen cartridge 1504 with a
slotted screen (not illustrated), through which the ground or
dispersed material can pass only essentially radially (inwards
from the outside), so that it can then pass into the product-
outlet channel 120d. It is basically also possible, however, for
the ground or dispersed material and the grinding bodies to be
separated in some other way, e.g. with the aid of rotating
separating gaps or other suitable methods.

[0032] In the exemplary embodiment of the agitator ball
mill 1d which is shown in FIG. 5, the agitating means 1314 are
designed, once again, in the form of paddle-wheel-like accel-
erators, in order to advance the grinding bodies, and the
material which is to be ground or dispersed, radially in rela-
tion to the agitating shaft 130d. The rotation of the paddle-
wheel-like agitating means 131d (accelerators) causes the
grinding bodies to be subjected to a centrifugal force which
advances the grinding bodies radially outwards.

[0033] Asalready mentioned in the introduction, the occur-
rence of gas bubbles in the material may give rise to the
problems mentioned in the introduction (crust formation and
the grinding bodies, and/or the material which is to be ground
or dispersed, sticking together, reduction in the grinding
capacity, possible blockage of the agitator ball mill, even
more pronounced foaming, screen blockage, increase in the
pressure in the grinding chamber, possible interruption to
operation). Since the density of the solids suspension is
greater than the density of any gaseous components, e.g. gas
bubbles, the gas bubbles collect in the central region of the
grinding chamber 104. These gas bubbles can then be vented
(led out) in the outward direction through the gas-outlet chan-
nel 1404, which is likewise arranged centrally (that isto say in
the region of the centre) at the outlet end, so that foaming can
be cither avoided or, at any rate, vastly reduced.

[0034] Theexit of the gas-outlet channel 1404, which is led
through the outlet-end terminating wall of the grinding cham-
ber 104 is connected here to the vacuum vessel 2 which has
already been mentioned above and, for its part, is connected
to a vacuum pump 3. In order for it not to be possible for any
grinding bodies to flow out of the grinding chamber 104 as
well, a screen (not illustrated) may be arranged at the entrance
to the gas-outlet channel 140d. The vacuum pump 3 generates
negative pressure in the vacuum vessel 2, as a result of which
the gaseous components are vented (led out) of the grinding
chamber 104 through the gas-outlet channel 1404, which runs
in the axial direction through the centre of the interior of the
screen cartridge 150d. If small quantities of the solids sus-
pension are also extracted by suction from the grinding cham-
ber by negative pressure, they can be separated off in the
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vacuum vessel 2 and then fed, with the aid of the delivery
pump 4, to the ground or dispersed material which can be
either led out or returned (led back) again, possibly via the
inlet 11, into the grinding chamber 104 (or to a mixing ves-
sel).

[00)35] The invention has been described with reference to
the above exemplary embodiments of the agitator ball mill.
However, the invention should not be understood as being
limited to these exemplary embodiments. Rather, numerous
modifications to, and variants of, such an agitator ball mill are
conceivable without departing from the technical teaching of
the invention. It should be mentioned, merely by way of
example, that it is also basically possible for the gas outlet to
be designed as an outlet opening, rather than it necessarily
having to have a channel, even if the exemplary embodiments
described all have such a gas-outlet channel. The scope is thus
defined by the following Claims.

1. Agitator ball mill for finely grinding or dispersing a
material, having a cylindrical or conical grinding chamber for
accommodating grinding bodies and for accommodating the
material which is to be ground or dispersed, further having an
inlet for the material which is to be ground or dispersed, the
inlet being arranged at one end of the grinding chamber,
further having an agitator, which extends in the axial direction
into the grinding chamber and has agitating means by way of
which the grinding bodies and the material which is to be
ground or dispersed are moved in the grinding chamber, and
having a product outlet for the ground or dispersed material,
the product outlet being arranged at the other end of the
grinding chamber, wherein arranged in the central region at
the outlet end of the grinding chamber is a gas outlet through
which gaseous components, but not grinding bodies, can be
discharged out of the grinding chamber.

2. Agitator ball mill according to claim 1, wherein the gas
outlet comprises a gas-outlet channel extending in the axial
direction.

3. Agitator ball mill according to claim 2, wherein the
agitator has a shaft, on which the agitating means are fixed,
and wherein the axially extending gas-outlet channel runs
through the shaft.

4. Agitator ball mill according to claim 2, wherein the
axially extending gas-outlet channel extends through a termi-
nating wall which is arranged at the outlet end and bounds the
cylindrical or conical grinding chamber.

5. Agitator ball mill according to claim 4, wherein the
product outlet for the ground or dispersed material is likewise
arranged in the central region of the outlet-end terminating
wall.

6. Agitator ball mill according to claim 5, wherein the
product outlet comprises a product-outlet channel extending
in the axial direction through the outlet-end terminating wall.

7. Agitator ball mill according to claim 6, wherein the
product-outlet channel and the gas-outlet channel are
designed as outlet channels which are separate from one
another.

8. Agitator ball mill according to claim 6, wherein the exit
of the gas-outlet channel opens out into the product-outlet
channel upstream of the exit of the product-outlet channel.

9. Agitator ball mill according to claim 5, wherein a sepa-
rating means which is permeable to the ground or dispersed
material, but not to the grinding bodies, is arranged upstream
of the product outlet, or upstream of the product-outlet chan-
nel such that the ground or dispersed material can pass only
essentially radially through the separating means and then
into the product outlet or the product-outlet channel.
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10. Agitator ball mill according to claim 9, wherein the
separating means is designed as a cylindrical screen cartridge
and in which the gas-outlet channel runs in the axial direction
through the centre of the interior of the screen cartridge.

11. Agitator ball mill according to claim 1, wherein at the
entrance to the gas outlet or the gas-outlet channel a screen is
arranged, which is designed such that it restrains at least the
grinding bodies in the grinding chamber.
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12. Agitator ball mill according to claim 1, in which the exit
of the gas outlet or of the gas-outlet channel is connected to a
vacuum vessel and/or a vacuum pump.

13. Agitator ball mill claim 1, in which the agitator has a
shaft, which has paddle wheels, discs or pins fixed thereon as
agitating means.
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