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Description

[0001] This invention relates to a grinding system, and
specifically to an apparatus which may be used for
grinding wet material.

[0002] There are a wide variety of situations in which
it is necessary to grind materials, in order to reduce par-
ticle sizes. One type of grinding apparatus is a vertical
shaft impactor, or VSI, such as a Barmac Rotopactor or
Duopator (Trade Marks). These machines have a rotor,
which rotates about a vertical axis, and which causes
the feed material to be flung outwardly towards an
impact surface. Vertical shaft impactors with two inlets
are also known, in which feed material supplied to the
second inlet cascades past the rotor through the mate-
rial being flung outwardly from the rotor.

[0003] The machines described above are used
extensively for autogenous grinding of dry feed material
such as rocks and ores, but there are many situations in
which the feed material is not dry, and it has previously
been thought that such materials are unsuitable for
grinding in this way. Moreover, it has been found that
there may be surprising advantages if the feed materi-
als are processed in a wet condition. The present inven-
tion therefore seeks to provide an apparatus which
allows grinding to be carried out in a wet state. Further-
more by grinding minerals or materials in the presence
of solvents or chemical reagents it may be possible to
clean environmentally noxious materials or release
bound minerals from their parent materials in a more
efficient and economical manner.

[0004] Embodiments of the present invention further
seek to provide an apparatus for the treatment of oil- or
water-based cuttings, such as the by-products of drilling
for oil, gas and other subterranean fluids. Other materi-
als associated with these spheres of activity may be
contaminated with oil or other materials used in drilling
operations. The cuttings may also be in the form of Low
Specific Activity scales, which are produced during
some drilling activities.

[0005] US-A-4641787 discloses a method of commi-
nuting rare earth metallic alloy powder having the pre-
characterising feature of claim 1, and in which the feed
material is pulverised and fed through a comminuting
apparatus whilst suspended in nitrogen gas. This appa-
ratus is entirely unsuitable for grinding material in a wet
state.

[0006] According to the present invention, there is pro-
vided a grinding system having the characterising fea-
tures of claim 1.

[0007] References herein to "classifying” a material or
to a "classifier” include any method or device for sepa-
rating particles on the basis of their sizes, including the
use of a vibrating screen.

[0008] For a better understanding of the present
invention, and to show how it may be brought into effect,
reference will now be made, by way of example, to the
accompanying drawings in which:-
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Figure 1 is a schematic diagram illustrating a
largely conventional grinding apparatus;

Figure 2 is a schematic diagram illustrating a sys-
tem in accordance with a first embodiment of the
present invention;

Figure 3 is a schematic diagram illustrating a sec-
ond system in accordance with the present inven-
tion;

Figure 4 is a schematic cross-section through a ver-
tical shaft impactor for use as part of a system in
accordance with the invention;

Figure 5 is a cross-section through an alternative
vertical shaft impactor for use as part of a systemin
accordance with the invention; and

Figure 6 is a partial section through the device
shown in Figure 5, along line VI-VI.

[0009] Figure 1 shows a grinding system based on
one type of vertical shaft impactor or VSI 11. The VSI 11
has an internal rotor, and feed material which enters the
device is flung outwardly towards an impact surface at
which crushing and grinding takes place. Feed material,
such as rock or ore, is supplied to the VSI 11 along a
suitable conveying device 12 from a feed hopper 13, or
other source of supply.

[0010] Ground material from the VSI 11 leaves at the
bottom of the device and falls on to a screen 14, which
acts as a classifier. Fine material passes through the
screen and is collected on a conveyor 15, by which it
can be transported for further processing or disposal.
Oversized particles do not pass through the screen 14,
and are returned on a conveyor 16 to the conveyor 12,
by which they are returned to the inlet of the VSI 11 so
that they can be further reduced.

[0011] This system is suitable for dry or semi dry
grinding of a large number of materials. However, there
are other grinding applications in which this system may
not be appropriate. For example, there are situations
where it may be desirable to carry out grinding in the
presence of large quantities of water, or other fluids.
One example of this is in the grinding of Low Specific
Activity (LSA) scales. These are naturally occurring rock
substances which emit low level radioactivity The
scales are produced by the agglomeration of particles
which are produced, for example during drilling for oil
through certain rock formations, such as those occur-
ring in the North Sea. The levels of radioactivity are low
enough that, if the scales are ground to a small particle
size, they can be safely disposed of. However, the grind-
ing of the scales is difficult, because if this were to be
done dry there would be a danger that fine particles of
dust, with unacceptable levels of radioactivity, would be
produced, and may become airborne. However, the
grinding of LSA scales in a wet state ensures that this
dust is not produced. The present invention discloses a
system for grinding these materials, and any other
materials which are more easily handled or processed
in a wet form, in a way that allows the resulting particle



3 EP 0 669 166 B1 4

sizes to be very small.

[0012] Figure 2 shows a system in accordance with
the present invention. Again, the apparatus is built
around a VSI 21, for example a Barmac Duopactor
4800 with suitable modifications. The feed material is
supplied to the VSI 21 wet along a supply line 22 via a
pump 23. Ground material is fed from the VSI 21 along
outlet line 24 to a hydrocyclone classifier 25. Fine parti-
cles are passed along outlet 26 for disposal or further
processing, while oversized particles and liquid return
along feed line 27 into the supply line 22. Valves 28, 28a
are provided in the supply line 22, so as to control flows
to inlet lines 29,30. Recycled slurry and new material
passing along the line 30 enters the rotor feed tube of
the VSI 21 in the normal way. Recycled slurry and new
material passing along line 29 can also be introduced
through the top of the VSI 21 to a cascade device in
more than one position, and it thus cascades past the
rotor. Adjustment of the valves 28 and 28A allows alter-
ation of the relative rates of flow along the lines 29 and
30.

[0013] Figure 4 is a schematic diagram showing a ver-
tical shaft impactor, specifically a specially adapted
4800 Barmac Duopactor (Trade Mark), which may be
used in the system in accordance with the invention.
The VSI has a first inlet 70 which receives solid feed
material together with a controlled amount of liquid
which enters via manifold 71; additional liquids are intro-
duced by manifolds 72 which deposit the liquids onto a
cascade plate 73. The proportional distribution of these
liquids between manifolds 71 and 72 is controlled by
valves 74 and 75. The introduced liquids may also carry
solid particles which may be additional feed material or
the oversize materials as rejected by a classifying
device installed within the further processing system.
[0014] The valves can be controlled such that, for a
given energy input to the rotor of the impactor, desired
results are achieved in terms of material throughput and
resulting particle size distributions. It is advantageous to
return some of the oversized material to the rotor
because the added liquid assists in the grinding proc-
ess. However, energy is saved if most of the oversized
material is passed to the cascade inlet and does not
enter the rotor. This is because, on average, the "over-
sized” ground material will have smaller particle sizes
than the raw feed material. Greater energy efficiency
can be obtained by passing the raw feed material to the
rotor, since it is this material which requires more effort
to reduce its average particle size.

[0015] The solids/liquid mix which enters the first inlet
70 passes through control tube 76 and the rotor feed
tube 77 which are connected together by a sleeve 78
and which direct the solids/liquid feed material into the
rotor 79. From the rotor 79 the feed mix is flung out-
wardly into the grinding area 80. The grinding area con-
tains a bed of the solid material which is being ground,
but may alternatively be filled with special wear-resist-
ant steel anvils or similar materials.
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[0016] At the same time, the liquid being fed onto the
cascade plate 73 from the manifolds 72 cascades
downwards into the flow of material which is being flung
outwardly from the rotor 79.

[0017] Figure 5 shows an alternative embodiment of
the grinding apparatus which may be used in the sys-
tem shown in Figure 2. Again, the apparatus is in the
form of a specially modified VSI based on part of a 4800
Barmac Duopactor.

[0018] The VSI has a first inlet 170 to receive solid or
semi-solid feed material together with a controlled
amount of liquid which enters via manifold 171 and is
controlled by valve 174; additional liquids are introduced
by a manifold 172 which is controlled by valve 175.
[0019] As also shown in Figure 6, which is a partial
cross-section through the apparatus shown in Figure 5,
the liquid is intfroduced by a manifold 172 which is in the
form of a ring. The inner wall 183 of the manifold 172 is
perforated, and the liquid passes through the perfora-
tions 184 into an annular inner region 185. Again, the
inner wall 186 of the annular region 185 is perforated,
and liquid is forced through the perforations 187 into a
thin annular region 188 having a small radial dimension,
the inner wall 189 of this region being solid. From the
thin annular region 188, the liquid, and any entrained
solid particles, are able to fall vertically downwards into
the grinding region 180. It is advantageous that the
material enters the grinding region moving vertically
and with no radial velocity, or only a small radial velocity,
as this improves the grinding which is achieved. At the
same time, material introduced through the first inlet
170 and the tube 177 which passes through the centre
of the manifold 172, is being thrown outwardly from the
rotor 179. Thus, in the grinding region 180 there are
high autogenous attrition forces, which result in highly
effective grinding of the material.

[0020] In addition there are located in the grinding
area special self-adjusting shear plates 182 which
enhance the grinding action especially of the larger
material particles.

[0021] The shear plates take the form of flat plates
which are mounted in the grinding region. The plates
are pivotally mounted such that, as material exits the
rotor, the plates are deflected so that their inner edges
act as shearing edges on the material exiting the rotor.
These edges are advantageously protected by wear
resistant material. In the illustrated embodiment, the
shear plates are suspended on bars which are located
approximately one third of the way along the plate, such
that the plates are easily replaceable. Any desired
number of such shear plates can be chosen to be cir-
cumferentially spaced around the rotor as required. As
an alternative, the shear plates may be replaced by a
grinding ring, or breaker ring, in the form of a continuous
ring which may be set into the grinding region, either in
segments or in one piece, and which has a sharp corru-
gated surface to improve the initial breakage of large
material exiting the rotor.
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[0022] Further, or as an alternative to the shear plates
or grinding ring, the efficiency of the grinding process
may be improved by the addition of heavy massing
agents, which can assist in the grinding process without
themselves being broken down very quickly so that they
are rejected by any classifying device which is used and
thus can be recirculated around the system. These
massing agents are made of a material which is prefer-
ably several times as dense as the material being
ground, and is preferably highly ductile, so that they
have high kinetic energies during the grinding process
and hence enhance the reduction of the material to be
ground, but are able to withstand the high forces
exerted on them for a useful period of time. For exam-
ple, the massing agents may be steel ball bearings,
steel discs or other suitable steel objects. Of course,
any material chosen in this way must also be selected
so that it does not contaminate the final ground product.

[0023] Figure 3 shows an alternative embodiment of
the invention, for use in a hybrid process in which the
feed material is originally fairly dry, but may for example
be oil- or water-based cuttings, which are relatively glu-
tinous. It has surprisingly been found that wet grinding
of these cuttings, in a system according to the present
invention, has remarkably benéeficial effects.

[0024] The system includes a VSI 41, to which the
feed material is supplied along a controlled conveying
device 42. The VSI 41 is preferably as illustrated in Fig-
ure 4 or Figures 5 and 6 of the drawings. Ground mate-
rial leaves the VSI and enters a liquid-filled tank 43
which is designated the coarse slurry tank. Adjacent to
this tank 43 is a second tank 44 designated the fine
slurry tank. These tanks are connected by an adjustable
weir gate 45 and a balancing line including a valve 46.
Liquid in these tanks 43 and 44 is introduced from a flow
line 47, and the flow is controlled by valves 48, 49 and
50.

[0025] Ground material leaves the VSI and enters the
coarse slurry tank 43. Some settlement of the material
takes place in this tank, and the finer fraction of the
slurry passes to tank 44 via the weir gate, the height of
which is adjusted to give the required fineness and flow.
[0026] The fine slurry is removed from tank 44 by a
pump 51 along a flow line 52 to hydrocyclones 56. It will
be appreciated that washing screens or other classify-
ing devices may be used. The flow to these classifying
devices in the flow line 52 is controlled by a valve 53.
There is also a bypass system such that excess fine
slurry can be returned to the coarse slurry tank 43 via
line 54 and control valve 55, if desired.

[0027] The fine fraction of the slurry, having been clas-
sified to the desired specific gravity or particle size, is
passed to a storage facility by line 57 for further process
applications.

[0028] The coarse fraction of material leaving the clas-
sifying device 56 passes to a catchment hopper 58
where it can be flushed by liquid from line 47 and then
passed to line 59 where by means of pump 60 it is
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returned to the inlet side of pump 61.

[0029] Pump 61 is mounted adjacent to the coarse
slurry tank 43 and takes coarse slurry from the tank 43
plus classifier oversize from the line 59 and passes this
material to the VSI 41 along flow line 62.

[0030] Flow line 62 introduces the coarse slurry to the
V8I 41 in two positions along flow line 63 and 64. The
flow of slurry to these two lines is controlled by valves 65
and 66. To maximise the efficiency of the grinding proc-
ess, it is preferable if the majority of the slurry is sup-
plied to the cascade input of the VSI 41 along flow line
63, while raw feed material is supplied to the VSI with
only sufficient liquid to prevent the build up of material in
the feed hopper. This is because the returned material
contained in the slurry will, on average, have smaller
particle sizes than the raw feed material, and hence
greater efficiency can be achieved by preferentially
using the input energy, which is supplied by means of
the rotor of the VS|, in the grinding of the raw feed mate-
rial.

[0031] Thus, it is possible both to introduce coarse
slurry along with the primary feed material but also to
arrange to pass coarse slurry to the cascade device as
previously discussed. In this manner it has been found
that grinding of mineral material can be accomplished in
a liquid environment where densities, particle distribu-
tions or chemical characteristics can be influenced and
controlled.

Claims

1. A grinding system including a vertical shaft impac-
tor grinding apparatus, the grinding apparatus com-
prising:

a feed hopper (70,170) defining a first inlet for
feed material;

a rotor (79,179); and

an outlet;

the rotor being mounted such that it can rotate
in the apparatus; and

the feed hopper being connected to a feed tube
(78,177) which directs all of the inlet feed mate-
rial from the first inlet to the rotor such that it is
flung outwardly by the rotor into a grinding
region (80,180), characterised in that the sys-
tem further includes:

a classifier (25), adapted to separate oversized
ground material from ground material in a liquid
removed from the grinding apparatus;

a first supply line (24), adapted to transport
ground material within a liquid from the outlet to
the classifier; and

a second supply line (27,22), adapted to return
separated oversized ground material within a
liquid from the classifier to the grinding appara-
tus.
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Apparatus as claimed in claim 1, characterised in
that the vertical shaft impactor has a first inlet
(70,170), through which feed material is supplied to
the rotor, and a second cascade inlet (72,172),
wherein a first fraction of the oversized ground
material may be returned to the impactor via the
first inlet and a second fraction of the oversized
ground material may be returned to the impactor via
the cascade inlet such that it can cascade past the
rotor.

Apparatus as claimed in claim 2, characterised in
that a control device such as a valve (28,65) is pro-
vided in the second supply line allowing the relative
volumes of the first and second fractions to be var-
ied.

Apparatus as claimed in claim 2, characterised in
that the second inlet comprises a plurality of pipes
for directing inlet feed material on to a cascade
plate (73) located above the rotor such that said
material cascades into the grinding region.

Apparatus as claimed in claim 2, characterised in
that the second inlet comprises a first region (185),
located around and above said rotor, and a second
region (188) in communication with the first region
such that inlet feed material passes from the first
region into the second region and then falls down in
to the grinding region.

Apparatus as claimed in any preceding claim, char-
acterised in that the ground material is passed to a
liquid-containing tank (43), the tank being provided
with means for separating the ground material into
a coarse fraction with relatively large particle sizes,
and a fine fraction with relatively small particle
sizes, the coarse fraction being returned to the
input of the apparatus and the fine fraction being
passed to a classifying device (56) to separate the
fine fraction into a first fraction containing particles
of desired sizes, and a second fraction containing
oversized particles which are returned to the input
of the apparatus.

Apparatus as claimed in claim 6, characterised in
that the liquid-containing tank (43) is provided with
an adjustable weir device (45), such that the fine
fraction of the ground material is passed to a sec-
ond tank (46), the second tank being provided with
a pump (51) to supply material to the classifying
device (56).

Use of a grinding apparatus as claimed in any one
of the preceding claims for grinding material in a
wet state.
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Patentanspriiche

Vermahlungsanlage mit einer vertikalen Prallmahl-
vorrichtung, wobei die Mahlvorrichtung umfat:

einen Einlauftrichter (70, 170), der einen ersten
EinlaB fur Beschickungsmaterial begrenzt;
einen Rotor (79, 179); und

einen AuslaB;

wobei der Rotor derart befestigt ist, daB er in
der Vorrichtung rotieren kann; und

der Einlauftrichter an ein Beschickungsrohr
(78, 177) angeschlossen ist, welches das
gesamte EinlaBbeschickungsmaterial von dem
ersten EinlaB zu dem Rotor leitet, so daB es
von dem Rotor nach auBen in einen Feinzer-
kleinerungsbereich (80, 180) geschleudert
wird,

dadurch gekennzeichnet, daB

das System ferner einschlief3t:

einen Klassifikator (25) der zum Absondern
von zu groBem zerkleinertem Material von aus
der Mahlvorrichtung entnommenem zerkleiner-
tem Material in einer Fllssigkeit geeignet ist;
eine erste Zuleitung (24), die zum Transport
von zerkleinertem Material in einer Flissigkeit
von dem AuslaB zu dem Klassifikator geeignet
ist; und

eine zweite Zuleitung (24), die zum Zurtckfuh-
ren von abgesondertem, zu groBem zerkleiner-
tem Material von dem Klassifikator zu der
Mabhlvorrichtung in einer Flissigkeit geeignet
ist.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, daB die vertikale Prallvorrichtung einen
ersten EinlaB (70, 170) aufweist, durch welchen
dem Rotor Beschickungsmaterial zugefihrt wird
und einen zweiten GittereinlaB (72, 172), wobei ein
erster Anteil des zu groBen zerkleinerten Materials
Uber den ersten EinlaB zu der Prallvorrichtung
zuriickgefuhrt werden kann und ein zweiter Anteil
des zu groBen zerkleinerten Materials tUber den Git-
tereinlaB zu der Prallvorrichtung zurtickgefiihrt wer-
den kann, so daS es am Rotor vorbei nach unten
stirzen kann.

Vorrichtung nach Anspruch 2, dadurch gekenn-
zeichnet, daB eine Steuervorrichtung, wie ein Ventil
(28, 65), vorgesehen ist, wodurch ein Variieren des
relativen Volumens des ersten und zweiten Anteils
ermdglicht wird.

Vorrichtung nach Anspruch 2, dadurch gekenn-
zeichnet, daB der zweite EinlaB eine Vielzahl von
Rohrleitungen umfaBt, um EinlaBbeschickungsma-
terial zu einer Uber dem Rotor befindlichen Kaska-
denplatte (73) weiterzuleiten, so daB das Material
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in den Feinzerkleinerungsbereich hinunterstirzt.

Vorrichtung nach Anspruch 2, dadurch gekenn-
zeichnet, daB der zweite EinlaB einen ersten
Bereich (185) aufweist, der um und Gber dem Rotor
angeordnet ist, und einen zweiten Bereich (188)
aufweist, der mit dem ersten Bereich in Verbindung
steht, so daB EinlaBbeschickungsmaterial aus dem
ersten Bereich in den zweiten Bereich einstrémt
und dann in den Feinzerkleinerungsbereich hinun-
terfallt.

Vorrichtung nach einem der vorhergehenden
Anspriiche, dadurch gekennzeichnet, daB das zer-
kleinerte Material zu einem Flussigkeit enthalten-
den Tank (43) geleitet wird und der Tank mit einer
Einrichtung zum Trennen des zerkleinerten Materi-
als in einen groben Anteil mit relativ groBen Parti-
kelgréBen und einen feinen Anteil mit relativ kleinen
PartikelgréBen versehen ist, wobei der grobe Anteil
zum Eingang der Vorrichtung zurtickgefihrt wird
und der feine Anteil zu einer Klassifiziervorrichtung
(56) geleitet wird, um den feinen Anteil in einen
ersten Anteil mit Partikeln in gewlinschter GroBe
und einen zweiten Anteil mit zu groBen Partikeln,
die zum Eingang der Vorrichtung zurtckgefihrt
werden, zu trennen.

Vorrichtung nach Anspruch 6, dadurch gekenn-
zeichnet, daB der Flussigkeit enthaltende Tank (43)
mit einer derart einstellbaren Uberlaufvorrichtung
(45) versehen ist, daB der feine Anteil des zerklei-
nerten Materials zu einem zweiten Tank (46) gelei-
tet wird, wobei der zweite Tank mit einer Pumpe
(51) versehen ist, um Material an die Klassifizier-
vorrichtung (56) zu liefern.

Verwendung einer Mahlvorrichtung nach einem der
vorhergehenden Anspriche, um ein Material in
nassem Zustand zu zerkleinern.

Revendications

Systétme de broyage incluant un appareil de
broyage a impacteur a arbre vertical, I'appareil de
broyage comprenant :

une trémie d'alimentation (70, 170) définissant
un premier orifice d'entrée pour une matiére
d'alimentation;

un rotor (79, 179): et

un orifice de sortie;

le rotor étant monté de telle fagon qu'il puisse
tourner dans l'appareil; et

la trémie d'alimentation étant reliée a un tuyau
dalimentation (78, 177) qui dirige foule la
maliere d'alimentation du premier orifice
d'entrée jusqu'au rotor de sorte qu'elle est pro-
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jetée vers l'extérieur par le rotor dans une
région de broyage (80, 180), caractérisé en ce
que le systéme inclut en outre :

un classificateur (25), adapté pour séparer la
matiére broyée surdimensionnée de la matiére
broyée dans un liquide sortant de l'appareil de
broyage;

une premiére canalisation d'amenée (24),
adaptée pour transporter une matiére broyée a
l'intérieur d'un liquide depuis l'orifice de sortie
jusqu'au classificateur; et

une seconde canalisation d'amenée (27, 22),
adaptée pour renvoyer la matiére broyée surdi-
mensionnée séparée a l'intérieur d'un liquide
du classificateur a I'appareil de broyage.

Appareil selon la revendication 1, caractérisé en ce
que l'impacteur a arbre vertical comporte un pre-
mier orifice d'entrée (70, 170), par lequel de la
matieére d'alimentation est envoyée au rotor, et un
second orifice d'entrée en cascade (72, 172), dans
lequel une premiére fraction de la matiére broyée
surdimensionnée peut étre renvoyée a l'impacteur
via le premier orifice d'entrée et une seconde frac-
tion de la matiére broyée surdimensionnée peut
étre renvoyée a l'impacteur via l'orifice d'entrée en
cascade de sorte qu'il peut tomber en cascade
devant le rotor.

Appareil selon la revendication 2, caractérisé en ce
qu'un dispositif de commande tel qu'une vanne (28,
65) est prévu dans la seconde canalisation d'ame-
née et permet de faire varier les volumes relatifs
des premiére et seconde fractions.

Appareil selon la revendication 2, caractérisé en ce
que le second orifice d'entrée comprend plusieurs
tuyaux servant a diriger la matiére d'alimentation
sur une plaque de cascade (73) située au-dessus
du rotor de sorte que ladite matiére tombe en cas-
cade dans la région de broyage.

Appareil selon la revendication 2, caractérisé en ce
que le second orifice d'entrée comprend une pre-
miére région (185) située autour et au-dessus dudit
rotor, et une seconde région (188) en communica-
tion avec la premiére région de sorte que la matiére
d'alimentation passe de la premiére région a la
seconde région, puis tombe dans la région de
broyage.

Appareil selon I'une quelconque des revendications
précédentes, caractérisé en ce que la matiére
broyée est envoyée dans un réservoir (43) conte-
nant un liquide, le réservoir étant pourvu de
moyens servant & séparer la matiére broyée en une
fraction grossiére avec des tailles de particules
relativement grandes, et une fraction fine avec des
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tailles de particules relativement petites, la fraction
grossiére étant renvoyée a I'entrée de 'appareil et
la fraction fine envoyée dans un dispositif de classi-
fication (56) pour séparer la fraction fine en une
premiére fraction contenant des particules de
tailles désirées, et une seconde fraction contenant
des particules surdimensionnées qui sont ren-
voyées a l'entrée de I'appareil.

Appareil selon la revendication 2, caractérisé en ce
que le réservoir (43) contenant un liquide est
pourvu d'un déversoir réglable (45), tel que la frac-
tion fine de la matiére broyée est envoyée dans un
second réservoir (46), le second réservoir étant
pourvu d'une pompe (51) pour envoyer de la
matiére au dispositif de classification (56).

Utilisation d'un appareil de broyage tel que revendi-
qué dans l'une quelconque des revendications pré-
cédentes pour broyer de la matiére dans un état
humide.
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