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Adjustable Super Fine Crusher

FIELD OF THE INVENTION

[0001] The present specification relates generally to a crushing mill and
more specifically relates to a crushing mill for the comminution of particulate
material by a mandrel to produce super fine material.

[0002] The invention has been developed for the comminution of
minerals and the following description will detail such a use. However it is to
be understood that the invention is also suitable for the comminution of a wide

variety of materials such as ceramics and pharmaceuticals.

BACKGROUND

[0003] Grinding of particulate material is commonly performed in rotary
mills which rotate at sub-critical speed causing a tumbling action of material
as it travels up the inner wall of the mill then falls away to impact or grind
against other materials. This results in the reduction of particles by a
combination of abrasion and impact. Such mills consume a vast amount of

energy.

[0004] Mills operating at super-critical speed are also known, such as
those disclosed in W099/11377 and W02009/029982. These mills include
shear inducing members for the reduction of particles and offer improved
energy efficiencies over traditional rotary mills. However, these mills still

consume significant amounts of energy.

[0005] The object of this invention is to provide a mill that uses
significantly less energy than contemporary mills, or at least provides the
public with a useful alternative.

SUMMARY OF THE INVENTION

[0006] In a first aspect the invention provides a mill for crushing
particulate material, comprising a rotatory shell and a mandrel wherei: the
shell rotates such that the material forms a layer retained against an inner
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surface of the shel; and the mandrel impacts the layer of material thereby
crushing the material.

[0007] Preferably the mandrel gyrates to impact the layer of material.

[0008] In preference the shell rotates about a shell axis and the
mandrel gyrates about a mandrel axis which is angularly displaced from the
shell axis.

[0009] Preferably the inner surface of the shell comprises a first conical
frustum with a first lateral surface disposed at a first angle to a first axis and
the mandrel comprises a second conical frustum with a second lateral surface

disposed at a second angle to a second axis.

[0010] In preference the second angle of the second frustum is twice
the first angle of the first frustum or the second frustum is less than twice the
first angle of the first frustum.

[0011] Preferably the mandrel further comprises a cylinder and the
angular displacement of the mandrel axis from the shell axis is equivalent to

the first angle of the first conical frustum.
[0012] Preferably the shell is movable along the shell axis.

[0013] In a further aspect of the invention the inner surface of the shell
comprises a first and second conical frusta and the mandrel comprises a
cylinder.

[0014] Preferably the mandrel comprises a series of rows of teeth
wherein the teeth in adjacent rows are offset with respect to each other.

[0015] In preference each row of teeth comprises a disc in which the

teeth are detachably retained.

[0016] Preferably the mandrel includes a smooth outer surface and
may include a stepped outer surface.

[0017] In a further aspect of the invention the mandrel oscillates to

impact the layer of material.
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[0018] It should be noted that any one of the aspects mentioned above
may include any of the features of any of the other aspects mentioned above
and may include any of the features of any of the embodiments described

below as appropriate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Preferred features, embodiments and variations of the invention
may be discerned from the following Detailed Description which provides
sufficient information for those skilled in the art to perform the invention. The
Detailed Description is not to be regarded as limiting the scope of the
preceding Summary of the Invention in any way. The Detailed Description will

make reference to a number of drawings as follows.

[0020] Figure 1 shows a perspective view of a mill system incorporating
a mill according to a first embodiment of the present invention.

[0021] Figure 2 shows the mill of Figure 1 in isolation.

[0022] Figure 3 shows the mill with its outer cover removed.

[0023] Figure 4 shows a partial cutaway view of the mill revealing a
mandrel.

[0024] Figure 5 is a further cutaway view with the mandrel cutaway.
[0025] Figure 6 shows a cutaway view of the shell in which material is
crushed.

[0026] Figure 7 shows the mandrel within the shell.

[0027] Figure 8 shows a shaft assembly including a mandrel with fixed
teeth.

[0028] Figure 9 shows a cutaway view of the mandrel of Figure 8.
[0029] Figure 10 is a further cutaway of the mandrel showing bearing

mounting and gyratory shaft offset.

[0030] Figure 11 shows an impact disc of the mandrel.
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[0031] Figure 12 shows an impact disc of a second embodiment
including removable teeth.
[0032] Figure 13 shows a tooth of the impact disc of Figure 12.
[0033] Figure 14 shows a shaft assembly of a third embodiment

incorporating a mandrel with a smooth outer surface.
[0034] Figure 15 is a cutaway view of the shaft assembly of Figure 14.

[0035] Figure 16 is a cutaway view of a shaft assembly of a fourth
embodiment with the drive shaft and gyratory shaft joined by flanges.

[0036] Figure 17 is a shaft assembly of a fourth embodiment wherein
the shaft includes multiple offset mandrel cylinders.

[0037] Figure 18 is a mill assembly incorporating the shaft assembly of
Figure 17.
[0038] Figure 19 is a perspective view of an adjustable milling system

according to a sixth embodiment of the invention

[0039] Figure 20 is a partial cutaway view of the adjustable milling

system of Figure 19.

[0040] Figure 21 is a detailed view of the shell housing and shaft
assembly of the adjustable milling system of Figure 19 with a first mandrel

geometry and adjusted to a first grinding separation.

[0041] Figure 22 shows the shell housing and shaft assembly of Figure

21 adjusted to a second grinding position.

[0042] Figure 23 is a detailed view of the shell housing and shaft
assembly of the adjustable milling system of Figure 19 with a second mandrel
geometry.

[0043] Figure 24 is an adjustable milling system according to a seventh

embodiment in which the crushing shell and mandrel are inverted in
comparison to the system of Figures 19-22.
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The drawings include items labeled as follows:

Milling system
Support frame
Shaft motor

Shell motor

Shaft motor pulley
Shell motor pulley
Inlet chute

Mill (first embodiment)
Feed inlet
Discharge chute
Shell pulley

Shaft pulley
Angled base

Shell housing
Impeller

Shaft assembly
Drive shaft

Shaft rotation axis
Displacement angle
Gyratory shaft
Mounting shaft
Shaft joining plane

Mounting shaft extension

Rotatory shell
Shell bearings
Infeed chamber
Upper chamber
Lower chamber

Chamber central plane
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71
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73

80

81
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83
84, 85
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90

91
100
101
102
110
111
112
113
500
510
511
512
513

Shell rotation axis

Chamber maximum

Chamber minimum

Shell rotation

Lower shaft bearings

Upper shaft bearings

Mandrel

End plate

Impact disc

Disc body

Disc mounting aperture

Impact tooth

Impact disc (second embodiment)
Disc body

Disc mounting aperture

Impact tooth

Tooth cylinders

Tooth fillet

Shaft assembly (third embodiment)
Mandrel

Shaft assembly (fourth embodiment)

Drive shaft flange

Gyratory shaft flange

Shaft assembly (fifth embodiment)
First mandrel cylinder

Second mandrel cylinder

Third mandrel cylinder

Milling system (sixth embodiment)
Stand

Shaft motor

Inlet funnel

Outlet chute
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520  Adjustable impact mill

521 Base
522  Body
523 Top
524 Pillars

530  Shell housing

531 Shell pulley

532  Shell bearings

540 Shaft assembly

541 Mandrel

542  Shaft

543 Offset shaft segment
544  Shaft lower bearing
545 Shaft upper bearing
546  Shaft shell bearings
547  Shaft pulley

548 Upper gap

549 Lower gap

550 Mill (seventh embodiment)
560 Hydraulic cylinder
561 Hydraulic piston

DETAILED DESCRIPTION OF THE INVENTION

[0045] The following detailed description of the invention refers to the
accompanying drawings. Wherever possible, the same reference numbers
will be used throughout the drawings and the following description to refer to
the same and like parts. Dimensions of certain parts shown in the drawings
may have been modified and/or exaggerated for the purposes of clarity or
illustration. Any usage of terms that suggest an absolute orientation (e.g.
“top”, “bottom”, “front”, “back”, etc.) are for illustrative convenience and refer to
the orientation shown in a particular figure. However, such terms are not to

be construed in a limiting sense as it is contemplated that various components
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may in practice be utilized in orientations that are the same as, or different
than those, described or shown. The use of various fasteners, seals, etcetera
as is well known in the art is not discussed and such items are not shown in

some figures for greater clarity.

[0046] The present invention provides a marked contrast to prior art
mills in terms of the principle of operation, how it is achieved and the resultant
efficiencies and other benefits obtained. Most prior art mills rely upon
shearing for the comminution of material and achieve this with various rotating
drums and shearing members and in doing so consume vast amounts of
energy. Some recent developments as disclosed in W099/11377 and
WQ02009/029982 have improved efficiencies, but still leave scope for further
improvement. In contrast the present invention utilises low velocity impact of

a gyrating member for comminution of material.

[0047] The invention provides a mill for crushing of particulate material,
comprising a rotatory shell having an inner surface, means for rotating the
shell at sufficiently high speed such that the material forms a layer retained
against the inner surface and a mandrel to impact the layer and crush the
material. The invention encompasses various embodiments for the mill as a
whole, the shell and the mandrel. For brevity only a subset of the
permutations of these components are discussed in detail, however the scope

of the invention encompasses all permutations.

[0048] Figure 1 shows a milling system 20 incorporating a gyratory
impact mill 30 according to a first embodiment of the present invention. The
mill 30 is mounted to a support frame 21 to which shaft motor 22 and shell
motor 23 are also secured. The shaft motor 22 provides motive force to the
drive shaft 41 (described below) of the mill via shaft motor pulley 24, belts (not
shown) and shaft pulley 34 (which is shown partially obscured). Similarly the
shell motor 23 drives the shell 50 (described below) of the mill via shell motor
pulley 25, belts (not shown) and shell pulley 33. The two motors are mounted
at an angle to each other as the drive shaft 41 and the shell 50 of the mill
operate at an angle to each other. Raw material is fed into the feed inlet 31 of
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the mill via inlet chute 26 and discharged from the mill via discharge chute 32.
The outwardly visible components of the mill 30 can be further appreciated
with the aid of Figure 2 which shows the mill 30 in isolation from the milling
system 20.

[0049] The internal components of the mill 30 can be appreciated with
Figures 3 to 5 which show progressively cutaway views. The principal
components are the shell 50 which holds the material to be comminuted, and
the mandrel 65 which gyrates within the shell to achieve the comminution by
impact/crushing.

[0050] The mill 30 comprises an angled base 35 which supports drive
shaft 41 via lower shaft bearings 61 and 62. The drive shaft is driven by
pulley 34 and rotates the mandrel 65 which sits within shell 50. With the aid
of shell bearings 51 and 52, the rotatory shell 50 is free to rotate within the
outer housing 36 which in turn is secured to the angled base 35. The angled
base provides an angular displacement between the axis of rotation of the
shell 50 and the mandrel 65.

[0051] At the top of shell 50 is shell drive pulley 33 through which
material enters the mill via feed inlet 31. To the bottom of the shell is attached
an impeller 37 which evacuates the crushed material via discharge chute 32.

[0052] Within the mandrel 65 can be seen gyratory shaft 44 upon which
the mandrel is mounted via upper shaft bearings 63 and 64. The mandrel is
thus able to rotate independently of the gyratory shaft 44 and the drive shaft
41. The gyratory shaft 44 is attached to, but axially displaced from the drive
shaft 41 in order to impart a gyratory motion to the mandrel. An axial
displacement of 1mm has been found appropriate over a wide range of use.
Atop of the mandrel sits end plate 66 to protect against the ingress of

material.

[0053] The rotatory shell 50 is shown in isolation in Figure 6 and with
mandrel 65 positioned in Figure 7. Externally the shell is cylindrical in shape
with a feed inlet 31 at the top for the entry of material and open at the bottom
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for discharging crushed material. The shell rotates about axis 57 which is
angularly displaced from the axis 42 about which the mandrel rotates by an
angle of approximately 5 degrees (shown as 43). The angular displacement
encourages movement of material down through the shell. Internally the shell
comprises infeed chamber 53 which provides passage for material into the
shell and clearance for the end plate 66 (as seen in Figure 5), upper chamber
54 and lower chamber 55 in the form of conical frusta joined at their smaller
planes along the chamber central plane 56. The frustoconical sides have a
corresponding angle to the axial displacement angle 43. This together with
the cylindrical shape of the mandrel results in a chamber minimum 59 and
chamber maximum 58. Material entering the shell will mostly fall into
chamber maximum 58. The shell rotates at a super-critical velocity such that
the material entering the shell will form a compressed solidified layer on the
inner walls of the shell. The rotation of the shell in direction 60 will draw the
material around to chamber minimum 59 where it will be crushed by the
gyratory action of the mandrel. The chambers are sized such that the
chamber minimum is approximately 1mm. As the mandrel is free to rotate it
will tend to rotate in unison with the shell resulting in zero or minimal velocity
between the two components. As a result the material is not subject to a
shearing action, but instead crushed by the gyratory action of the mandrel.
The gyratory shaft 44 (seen in Figure 10) is driven at approximately 1,500 rpm
resulting in a low impact velocity of 0.15 m/s. The low impact velocity together
with the lack of shearing action minimizes wear upon the mandrel and also

results in reduced energy needed to crush the material.

[0054] Figures 8 to 10 detail the shaft assembly 40 which brings
together the drive shaft 41, gyratory shaft 44 and mandrel 65. Details of an
impact disc 70 of the mandrel can be seen in Figure 11. The mandrel is
formed from a stack of impact discs 70 to form a cylindrical mandrel 65. The
discs 70 comprise an annular disc body 71, hexagonal mounting aperture 72
and impact teeth 73. A variant of the disc 70’ has a different angular offset of
the impact teeth with respect to the mounting aperture. The two variants 70

and 70’ are stacked alternatively as seen in Figure 8 and Figure 9 to produce
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an alternating pattern of teeth. The discs are mounted on the hexagonal
mounting bar 45 which in turn is mounted to the gyratory shaft 44 via upper
shaft bearings 63 and 64. As can be seen in Figure 10 at the shaft joining
plane 46 the gyratory shaft 44 is connected to the drive shaft 41, but axially
displaced resulting in gyration of the mandrel as the drive shaft rotates.

[0055] The mounting bar 45 extends below the stack of impact discs to
form an extension 47. In an alternative embodiment of the mill (not shown)
the base 35 incorporates a correspondingly shaped but slightly larger
receptacle for accepting the extension to prevent the mandrel from rotating
whilst still permitting it to gyrate.

[0056] A second embodiment of the impact disc is shown as 80 in
Figure 12. The disc 80 is similar to the disc 70 in having an annular body 81
and hexagonal mounting aperture 82, but differs in having replaceable teeth
83. A tooth 83 is shown in greater detail in Figure 13 and comprises two
cylinders 84 and 85 joined by a fillet 86. The symmetrical nature of the tooth
allows either cylinder 84 or 85 to be inserted into the body 81. A tooth can be
reversed after it has worn at one end thus halving the frequency at which they
need to be replaced. The disc shown has 24 teeth resulting in an angular
displacement between the teeth of 15 degrees. The teeth are displaced from
the axis of the hexagonal mounting aperture by a quarter of their own angular
displacement, i.e. 3.75 degrees. As a result only one variant of the disc is
needed to produce the alternating teeth arrangement (similar to that seen in
Figure 8) by simply flipping every alternate disc when putting together
mandrel 65. Preferably the teeth are made of a hard material such as
tungsten carbide.

[0057] A third embodiment of a shaft assembly is shown as 90 in
Figures 14 and 15 including a smooth mandrel 91 which is suitable for
producing finer material than possible with the toothed mandrel 65. The
mandrel offers a much simpler construction and can be mounted directly to

bearings on the gyratory shaft, abrogating the need for a mounting bar.
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[0058] Figure 16 illustrates a fourth embodiment of the shaft assembly
100 in which the gyratory shaft 44 is fitted with a flange 102 for attachment to
a corresponding flange 101 on the end of the drive shaft 41. This
arrangement allows components to be readily interchanged to for example
use a mandrel of a different diameter or a gyratory shaft with a different offset
as may be desired for different sized feed materials and end product size.
Further embodiments incorporating any of the mandrels discussed together

with the flange assembly are clearly possible.

[0059] In a fifth embodiment of the shaft assembly 110, shown in
Figure 17, the mandrel comprises three cylinders, 111,112 and 113 fitted to a
gyratory shaft 44. The three cylinders are axially offset with respect to each
other and as a result the portions of each cylinder that is crushing the feed
material will be angularly offset from each other. This greatly reduces
vibration in the mill. A mill incorporating such a shaft assembly is shown in

Figure 18.

[0060] Further embodiments include mandrels with other numbers of
offset cylinders as well as cylinders with differing heights and step offsets to

those shown are anticipated by the invention.

[0061] The mill discussed so far and illustrated in the figures is able to
process approximately 50kg/hr of material such as calcium carbonate (marble
containing 22% quartz @ mohs hardness of 4.5) reducing 1mm feed material
to a product with a dsp of 9.5 microns using 40kWh/t of specific energy in open
circuit. In closed circuit this would represent 100% passing 9.5 microns using
33kWh/t of specific energy. A 4kW shell motor and 0.75kW shaft motor is
installed. The size of the components can be appreciated from the impact
disc 70 which is approximately 95mm in diameter and 10mm thick.

[0062] For mills with a different throughput most components need
merely to be scaled whilst keeping the stroke of the gyrator shaft and the
clearance between the mandrel and the shell constant at approximately 1mm
and 2mm respectively. The impact teeth should also be kept constant in size,

but increase in number in line with the diameter of the impact disc.
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[0063] A shaft motor speed of 500rpm to 2,500rpm is suitable for mills
of varying sizes and results in an impact velocity of approximately 0.15m/s at
1,500 rpm. For the mill discussed the shell is driven at 1,100rpm resulting in a
super-critical velocity for the material being processed ensuring it forms a
compacted bed on the inside of the shell. For larger diameter mills the rpm
can be scaled back whilst maintaining the same linear speed for the shell

interior.

[0064] The mills discussed so far have had minimal adjustment
possible, relying on changing or reconfiguring the shaft assembly. Adjustment
of the crushing gap is desirable in order to produce different size product, and

also to accommodate wear in the outer shell or the mandrel.

[0065] In a sixth embodiment of the milling system 500 shown in
Figures 19 to 23, both the outer shell and the mandrel are frustoconical in
shape and the outer shell is movable along its axis to vary the crushing gap

between the shell and the mandrel.

[0066] Figure 19 shows a milling system 500 which comprises an
adjustable mill 520 mounted on a stand 510. The mill has a body 522
mounted on pillars 524 extending between a base 521 and top 523. The body
is able to be moved vertically along the pillars to allow for adjustment of the
crushing gap. Various mechanisms as are well known in the art may be used
to adjust the position of the body. Similar to the previously described
embodiments, the mill includes a motor 511 for driving a shaft assembly and a
second motor (not visible) for driving an outer shell. Product enters the mill

via funnel 512 and exits via chute 513.

[0067] Further details of the milling system can be seen in the cut-away
view of Figure 20. The body 522 contains bearings 532 to hold the shell
housing 530 which is driven via pulley 531. The shaft assembly 540 is
retained in the base 521 by lower bearing 544 and in the top 523 by upper
bearing 544. Similar to the other embodiments the shaft assembly and the
shell housing are mounted at an angle to each other, but in this embodiment
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the shaft assembly, instead of the shell housing, is mounted at an angle to the
vertical and the bulk of the components.

[0068] The shaft assembly and shell housing can be seen in isolation in
Figure 21. Again the shaft 542 has an offset segment 543 to impart a
gyratory motion to the mandrel 541 which is mounted to the shaft via bearings
546. As before, the mandrel is free to rotate with respect to the shaft and will
be slowly rotated by the product being ground as it is caught between the
outer shell and the mandrel. The outer shell has a frustoconical inner surface
complementing the frustoconical outer surface of the mandrel. A gap 548
between these two surfaces will expand and contract as the shaft rotates.
The bottom half of the mandrel is cylindrical and forms a second crushing gap
549 with the lower half of the outer shell.

[0069] The size of the gaps 548 and 549 can be varied by raising or
lowering the outer shell 530 with respect to the mandrel 541. This is done to
either select the size of product produced or to compensate for wear of either
the outer shell or the mandrel. In Figure 22 the shell housing has been raised
vertically along its axis in comparison to Figure 21 to increase both gaps 548
and 549. On the scale of Figures 21 and 22 this increase is approximately
0.5mm which may be difficult to fully appreciate from the drawings.

[0070] In the embodiment shown in Figures 21 and 22 the geometry of
the mandrel in conjunction with that of the outer shell and the offset angle
between the two is chosen such that the gaps 548 and 549 are equivalent to
each other and uniform along their length. For gap 549 to be uniform the
angle between the shaft and the shell axis is equivalent to the angle of the
inner surface of the shell. For gap 548 to be uniform the angle of the mandrel
frusta is twice the angle of the inner surface of the shell. In further
embodiments the geometry of these components is varied such that the gaps
548 and 549 may be the same or different to each other and both may vary
along their length in either a continuous or stepwise matter. One such

example is shown in Figure 22 in which the upper gap 548 decreases linearly.
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[0071] In a seventh embodiment of the mill shown as 550 in the cut-
away view of Figure 24 the shell housing and mandrel are flipped vertically in
comparison to the milling system 500 of Figures 19-23. This has the benefit
that if the raising mechanism for the body 522 should fail then the shell
housing will fall away from the mandrel (instead of towards it) and thus avoid
a potentially damaging jamming of the mill. The mill 550 also shows details of
a raising mechanism. The body 522 can be seen to contain a hydraulic
cylinder 560 and piston 561 to allow the body to be raised or lowered on the
pillars 524.

[0072] The mill may also take further embodiments encompassing
permutations of the separate features discussed. In a still further embodiment
the mandrel is oscillatory instead of gyratory, with the mandrel moving back
and forth on a fixed axis. In another further embodiment the mandrel and
shell chamber are in the form of a sphere. In yet another embodiment the
shell and the mandrel rotate on a common axis; this arrangement is simpler,
but only suited to limited applications as it is less effective in drawing material
through the mill.

[0073] The reader will now appreciate the present invention that
provides a gyratory impact mill for the comminution of materials that offers
superior energy usage characteristics over known mills. The mill may take
various embodiments dependent on the type and size of input material, the
desired size of product and the throughput required. @ The various
embodiments all employ the same operating principle of using a low velocity

gyrating mandrel for the comminution of material.

[0074] Further advantages and improvements may very well be made
to the present invention without deviating from its scope. Although the
invention has been shown and described in what is conceived to be the most
practical and preferred embodiment, it is recognized that departures may be
made therefrom within the scope and spirit of the invention, which is not to be
limited to the details disclosed herein but is to be accorded the full scope of

the claims so as to embrace any and all equivalent devices and apparatus.
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Any discussion of the prior art throughout the specification should in no way
be considered as an admission that such prior art is widely known or forms

part of the common general knowledge in this field.

[0075] In the present specification and claims (if any), the word
"comprising” and its derivatives including "comprises” and "comprise" include
each of the stated integers but does not exclude the inclusion of one or more
further integers.
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CLAIMS

1.

10.

A mill for crushing particulate material, comprising a rotatory
shell and a mandrel; wherein: the shell rotates such that the material
forms a layer retained against an inner surface of the shell; and the
mandrel impacts the layer of material thereby crushing the material.

A mill according to claim 1 wherein the mandrel gyrates to

impact the layer of material.

A mill according to claim 1 wherein the shell rotates about a
shell axis and the mandrel gyrates about a mandrel axis which is
angularly displaced from the shell axis.

A mill according to claim 3 wherein the inner surface of the shell
comprises a first conical frustum with a first lateral surface disposed at a
first angle to a first axis and the mandrel comprises a second conical
frustum with a second lateral surface disposed at a second angle to a

second axis.

A mill according to claim 4 wherein the second angle of the
second frustum is twice the first angle of the first frustum.

A mill according to claim 4 wherein the second angle of the

second frustum is less than twice the first angle of the first frustum.

A mill according to claim 4 wherein the mandrel further
comprises a cylinder.

A mill according to claim 4 wherein the angular displacement of
the mandrel axis from the shell axis is equivalent to the first angle of the

first conical frustum.

A mill according to claim 4 wherein the shell is movable along
the shell axis.

A mill according to claim 3 wherein the inner surface of the shell
comprises a first and second conical frusta and the mandrel comprises a

cylinder.
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12.

13.

14.

15.
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A mill according to claim 10 wherein the mandrel comprises a
series of rows of teeth, and wherein the teeth in adjacent rows are offset

with respect to each other.

A mill according to claim 11 wherein each row of teeth

comprises a disc in which the teeth are detachably retained.

A mill according to claim 1 wherein the mandrel includes a

smooth outer surface.

A mill as in claim 1 wherein the mandrel includes a stepped

outer surface.

A mill according to claim 1 wherein the mandrel oscillates to

impact the layer of material.



