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Description

[0001] The invention relates to a method according to
the introductory part of patent claim 1 for grinding gran-
ular ore material.

[0002] In the prior art there is known from DE-C-
400229 a ball mill for grinding material with liquid. Con-
tinuaously material and liquid are fed in one end of the
mill drum and slurried ground material is discharged in
the other end.

[0003] In the prior art there is known a grate mill
whereby coarse granular ore material is ground for fur-
ther processing, particularly for flotation or other such
concentration. It is typical of the wet grinding process
realized in a grate mill that the slurry density in the proc-
ess feed is of the order 50-65 % by weight, i.e. the solids/
water ratio in the material to be fed into the mill is equal
or larger than 1, and that said slurry density is practically
always the same as the steady-state density of the slurry
formed in the mill. In that case the materials always pro-
ceed in the mill as a so-called plug flow, in which case
water and solids proceed at the same rate through the
mill. Thus it has been traditionally understood that a
well-working grinding process self-evidently comprises
a high volumetric filling of the mill and a high slurry den-
sity. From a grate mill, the product has been obtained
as a thick flow from the output orifices of the mill.
[0004] A drawback with the above described ordinary
mills and grinding processes is that the ore material is
easily overground or slimed, i.e. part of the material is
ground into too small particles. This brings about prob-
lems in the further processing product ground from ore
material. Another drawback is that sliming uses a lot of
energy; as is well known, fine grinding is a highly energy-
consuming process.

[0005] In the prior art there is known from US-
3094289 a method and a device for comminuting rock
such as ore material. The ore material and water is fed
into a rotating grinding drum, wherein the material is
crushing itself. The ore material consists of an arbitrary
mixture of coarse and fine pieces. A mixture of water,
fine and oversize particles is discharged from the grind-
ing chamber and classified or screened for separating
the fines and returning the oversize to the grinding
chamber. There is no grinder charge but only the mate-
rial to be ground in water The particle size distribution
and density of the fine grinded material is tried to keep
in a predetermined range for controlling the volume of
water added to the mill by the apparatus capable of
measuring the density of pulp discharge from the mill
and automatically adjusting the volume of water added
to the mill, when variations of the feed are detected. Fur-
ther several classification devices are used in the mill
for realizing the desired output. A drawback is that the
control process is compicate because it is reached over
the whole grinding process even with the classification
and so the result is uncertain.

[0006] In practical industrial-scale processes, the
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grinding of ore material almost without exception takes
place in continuous operation. In laboratory-scale ex-
periments, comminution has traditionally been carried
outin a batch grinding process. However, it is a general
notion that batch grinding and continuous grinding lead
to different end products - the former renders more fine
material in the grain size distribution than the latter. The
softer the material to be ground. the bigger the differ-
ence. Consequently the grinding of experimental mate-
rial in research does not necessarily give a correct pre-
diction of the industrial-scale product.

[0007] The object of the present invention is to im-
prove the grinding process, particularly the laboratory-
scale process. It will. however, be appreciated that the
method of the invention also is suited to an industrial-
scale process.

[0008] The method of the invention is characterized
by the novel features enlisted in the characterizing part
of the patent claim 1.

[0009] In the method of the invention, the employed
feed is precomminuted ore material and water, which
are fed into a mill serving as the grinding apparatus,
comprising a grinding chamber provided with a grinder
charge such as ball charge, in which grinding chamber
the solids are ground, and from the grinding chamber
there is obtained a mill product with a determined grain
size distribution. According to the invention

- the solids content in the feed, termed feed slurry
density, is adjusted to be 45 % by weight or less, in
which case the solids content of the sluny to be
treated in the grinding chamber sets up a steady-
state slurry density which is higher than the feed
slurry density, and

- the excess free water formed of the difference of
the slurry densities is made to flow through the
grinding chamber and classify the mill product into
fine and coarse solids during the grinding process
so that the part of the mill product that has reached
a given grain size is flushed out of the grinding proc-
ess.

[0010] Now the solids to be treated in the grinding
process are classified. so that the coarse material in the
slurry stays longer in the mill grinding process. whereas
the fine material is discharged more rapidly from the mill
along with the excess water flow, and the grain size dis-
tribution in the ground project is essentially established
on a level which contains essentially less fine grain el-
ements than with a normal, high slurry density grinding.
Consequently, the first stage of classification in the
grinding process takes place by means of the water flow.
[0011] In a more specific grinding method of the in-
vention the feed slurry density is adjusted to be such
that its solid content is within the range of 25 - 45 % hy
weight in which case the steady-state slurry density in
the grinding chamber sets up within the range of 45 - 65
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% by weight.

[0012] However, itis pointed out that the slurry density
of the feed may fall below 25 % by weight; it may even
be within the range of 15-25 % by weight. The lower limit
to the slurry density of the feed is ultimately set by the
next process, which normally is a concentration proc-
ess, such as flotation or the like. In a flotation process,
the slurry density is of the order 15-20 % by weight.
[0013] A grinding apparatus for carrying out the meth-
od of the invention comprises a mill provided with a
grinding chamber and a grinder charge such as a ball
charge contained therein for realizing the grinding prop-
er, said mill including feed and discharge openings,
feeding means for supplying the feed composed of pre-
ground ore material and water to the mill through the
feed opening and discharge means for letting the mill
product out of the mill, said mill product having a deter-
mined grain size distribution. According to the invention
the feeding means comprise

- an adjusting device for adjusting the feed slurry
density to be 45 % by weight or less, in which case
the solids content of the slurry to be treated in the
grinding chamber set up at such a steady-state slur-
ry density which is higher than the feed slurry den-
sity, and

- means for classifying the mill product into fine and
coarse solids during the grinding process so that the
part of the mill product that has reached a given
grain size is flushed out of the grinding process with
the excess free water formed of the difference of
the slurry densities and made flow through the
grinding chamber.

[0014] The slurry density of the feed is set on a level
which is of the order 45 % by weight at maximum, but
can fall clearly below this. In the grinding process, there
is in that case used so much water in relation to the sol-
ids that the mill product that has achieved a determined
grain size is flushed more rapidly out of the grinding
chamber of the grinding apparatus than the coarser el-
ement, and this coarser element remains in the grinding
apparatus until it is ground to the desired size. In this
type of grinding apparatus, the first stage of classifica-
tion takes place by means of the water flow.

[0015] The principle of operation in the grinding meth-
od of the invention is classifying. It is an advantage of
this grinding process that the grain size distribution of
the resulting mill product is optimized in such a fashion
that it no longer contains remarkable amounts of over-
ground fine solids, as is often the case with known grind-
ing processes. The optimization of the grain size distri-
bution is based on the realization that the slurry density
of the feed is kept relatively low, i.e. the amount of water
in :relation to the solids is kept large, in which case in
the mill grinding chamber there is formed a steady-state
slurry density higher than the feed slurry density. Now
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the excess water proceeds through the grinding cham-
ber remarkably faster than the solids. This water flush-
ing through the grinding chamber effectively carries the
fine grain size classes of solids through the grinding
chamber. Hence the fine grain size classes are saved
from sliming.

[0016] Another advantage of the grinding process of
the invention is that energy is saved; it is well known that
the grinding of fine material into even finer material is a
process that requires a lot of energy. By applying the
method of the invention, the overgrinding of fine mate-
rials can be prevented. This is an advantage for many
concentration processes, because the extremely fine
material (slime) makes the process more difficult (in-
creases costs and simultaneously weakens the ob-
tained concentration result).

[0017] The invention and its advantages are ex-
plained below in more detail with reference to the ac-
companying drawings, where

figure 1 illustrates a grinding apparatus for carrying
out the method of the invention;

illustrates the mill of the grinding apparatus
in a lengthwise vertical cross-section along
its axis;

is a cross-section A-A of the mill of figure 2;
illustrates the dependence of the mill ca-
pacity on the size of the ball charge with
some examined ore materials;

illustrates the dependencies of the mill ca-
pacity, the ball charge and the mill feed with
one ore material;

illustrates the dependencies of the mill ca-
pacity, the ball charge and the mill feed slur-
ry densities with another ore material;
illustrates the dependencies of the mill ca-
pacity, the ball charge and the mill feed slur-
ry densities with a third ore material;
illustrates the flow volumes of the free water
passing through the mill with varying feed
slurry densities;

illustrates the delay times of solids and wa-
ter in the mill with varying feed slurry den-
sities:

illustrates the ratio of the mill feeding rate
to capacity with varying feed slurry densi-
ties for one ore material;

illustrates the ratio of the mill feeding rate
to capacity with varying feed slurry densi-
ties for another ore material;

illustrates the delay times of solids and wa-
ter in the mill with varying feed rates and
slurry densities of the feed;

illustrates the measured values of the grain
size distribution of the mill product of a giv-
en ore material with varying feed slurry den-
sities; and

illustrates another mill of the grinding appa-

figure 2

figure 3
figure 4

figure 5

figure 6

figure 7

figure 8

figure 9

figure 10

figure 11

figure 12

figure 13

figure 14
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ratus in cross-section along the lengthwise
axis.

[0018] The grinding apparatus for carrying out the
method of the invention is schematically illustrated in fig-
ure 1. The grinding apparatus comprises a mill, which
is represented in more detail in figures 2 and 3. The mill
1 is provided with a grinding chamber 2. The grinder
charge 3, in this case a ball charge, is arranged in the
grinding chamber 2 in order to realize the grinding prop-
er. The grinding chamber 2 is a cylindrical space, the
opposite ends whereof are provided with a feed opening
4 and a discharge opening 5. The grinding chamber 2
is arranged on top of rollers 6, whereby the grinding
chamber 2 can be rolled around its lengthwise axis B-B.
[0019] The grinding apparatus also includes feeding
means for feeding the slurry formed by preground ore
material and water, i.e. the feed, into the grinding cham-
ber 2 of the mill 1 through the feed opening 4. Respec-
tively, the grinding apparatus includes discharge means
for discharging the mill product from the grinding cham-
ber 2 of the mill 1 through the discharge opening 5. The
feeding means include a device for adjusting the slurry
density, which device in this embodiment comprises a
vibrating feeder 7 or a corresponding feeder, and a bal-
ance 8 provided in connection thereto for weighing the
solids to be fed by the vibrating feeder, and a water tank
9 or the like, a balance 10 for weighing the water tank
and a pump 11 for pumping water. The outlet of the vi-
brating feeder 7 is connected to the feed channel 12 of
the mill 1, and the feed channel is further connected, via
the feed opening 4, to the grinding chamber 2. Likewise,
the outlet of the water pump 11 is connected to the feed
channel 12. The device for adjusting the slurry density
also comprises a control unit 42 for administering solids
and water in suitable proportions and as a suitable total
volume.

[0020] By means of the above described feeding
members, the fairly large-grained solids and water to be
fed in the mill 1 are mixed in the feed channel 12, in
certain weight proportions, so that a desired slurry den-
sity for the feed is obtained. The adjusting of the slurry
density is realized by adjusting the vibrating feeder 7
and the pump 11 on the basis of the weight information
given by the balances 8 and 10, by means of the control
unit 42.

[0021] Obviously the feeding members can be real-
ized by means of other devices than those suggested
above for administering the feed, i.e. water and solids,
into the mill and for defining and adjusting the slurry den-
sity.

[0022] The feed, which is thus formed of granular sol-
ids and water, is conducted via the feed channel 12 and
the feed opening 4 to the grinding chamber 2 of the mill
1. In the grinding process, the grinding chamber 2 is ro-
tated around its lengthwise axis B-B by means of the
rotating device 6. Now the grinder charge 3, such as a
ball charge, composed of single grinder pieces such as
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balls 13, moves at the bottom of the grinding chamber
2, and while it moves and rolls, it grinds the solids fed
into the grinding chamber 2 into smaller and smaller par-
ticles.

[0023] The rolling device 6 comprises two horizontal,
parallel rotary axes 6; 6a, 6b, one of which, for instance
the rotary axis 6a, is most advantageously rotated by
means of an electric motor and a suitable transmission
device. In order to reliably measure the real power, i.e.
rotary power, required by the mill 1, a suitable torque
measuring device is connected to the rotary axis 6a in
order to measure the torque strain directed thereto.
Such a torque measuring device is for instance a strain
gauge detector, which is attached to the rotary axis 6a.
Now the rotary power is measured directly from that ro-
tary axis which is rotated by an electric motor or a similar
actuator, in which case exactly the power required by
the mill is directly measured.

[0024] In the embodiment of figure 2, in connection
with the discharge opening 5 of the grinding chamber 2
of the mill 1 there are provided discharge means. The
discharge means advantageously include a pump de-
vice. which in this embodiment of figures 2 and 3 is re-
alized by means of a pumping and screening classifier
14. The proceeding of coarse solids through the grinding
chamber 2 to the discharge opening 5 is prevented by
means of the classifier 14; they are returned to the grind-
ing chamber 2 to be further comminuted by the ball
charge 3. Only such elements of the mill product that fall
under a given grain size are let out of the mill through
the classifier 14.

[0025] The classifier 14 comprises a screen 15 divid-
ed into screen segments, advantageously into four sim-
ilar and equally large screen segments 16, 17, 18 and
19. The screen segments are located inside a cylindrical
shell 20. Each screen segment 16, 17, 18 and 19 com-
prises a segment side 22, 23, 24 and 25, directed radi-
ally outwards from the axis B-B. The screen surfaces
26, 27, 28 and 29 are arranged in between said sides
22, 23, 24 and 25, on a vertical plane to the axis B-B,
so that the screen surfaces extend from the first seg-
ment side 22 to the second segment side 23 and so on,
and also so that the fastening points in the segment
sides are on different levels in relation to the axis B-B.
[0026] The screen 15 is provided with a front plate 21.
The front plate 21 is provided with openings so that the
openings 30, 31, 32 and 33 of the first group are located
near the circumference of each screen segment, near
the cylindrical shell 20 and adjacent to the segment side
22, 23. 24 and 25, next after the side in question with
respect to the rotating direction C. Respectively, the
openings 34, 35, 36 and 37 of the second group are ar-
ranged in connection with each screen segment, near
the axis B-B and the discharge opening 5, so that they
are located adjacent to the segment sides 22, 23, 24
and 25, before said sides when seen in the rotating di-
rection C, as is seen in figure 3. The opening size of the
screen surfaces 26, 27, 28 and 29 of the screen 15 can
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advantageously be chosen in the area 10-200 um, de-
pending on the material to be ground. The choice of the
screen opening size directly affects the grain size which
is being classified.

[0027] Inthe grinding process, the feed slurry density
is set to be such that its dry content is of the order 45 %
by weight or less. In that case, the dry content of the
slurry to be treated in the mill 1 and particularly in the
grinding chamber 2 set up at the steady-state slurry den-
sity. Said steady-state pulp density is higher than the
feed slurry density, advantageously within the area
45-60 % by weight. The excess water formed of the dif-
ference of the slurry densities flows more rapidly
through the grinding chamber 2 of the mill 1 than the
slurry that is being processed. On the outlet side of the
mill. the product to be treated is in this embodiment also
classified in the classifier 14. so that the coarse element
inthe slurry is returned to the grinding process. The clas-
sifier 14, and particularly its screen structure 15. per-
forms pumping while the grinding chamber 2 rotates in
the direction C. The slurry to be treated in the grinding
chamber 2 is then shifted, in the outlet end of the cham-
ber, through each opening 30, 31. 32 and 33 provided
in the front plate 21 of the classifier 14, to the front spac-
es 38, 39 of respective screen segments 16, 17, 18 and
19, when said opening falls underneath the slurry sur-
face L. At lowest, each opening (for instance 32) is at
the distance hgg from the slurry surface L. In this posi-
tion, the hydrostatic pressure for shifting the slurry from
the grinding chamber 2 to the front space (for example
38) of a screen segment (for example 19) is at highest.
The front space (for example 38) of a screen segment
(for example 19) starts to fillimmediately after the open-
ing (for example 32) of the screen segment falls under
the slurry surface L along with the rotating of the mill and
the filling ends, when the opening rises above the slurry
surface L. The segment sides (for instance 25) prevent
the slurry from being transported from one front space
of the screen segment (for example 13) in the rotating
direction C to the front space of the successive screen
segment (for example 16). On the other hand, by means
of the segment side (for example 25), slurry is lifted in
the front space (for example 19) above the slurry surface
L, where the screening of the slurry mainly takes place,
while the slurry is shifted partly from the front space (for
example 38) of each screen segment through the
screen surface (for example 28) to the rear space (for
example 40) of the screen segment. The part of the slur-
ry with a grain size smaller than that of the openings in
the screen 15 is shifted through the screen surfaces 26,
27, 28 and 29 further to the rear space 40, 41 of the
screen and therefrom through the discharge openings
46 of the screen to the discharge opening 5 of the mill
and further. Material which does not fit through the open-
ings of the screen surfaces 26, 27, 28 and 29 is returned
from the front space 38, 39, 40 and 41 via the second
screen openings 34, 35, 36 and 37 back to the grinding
chamber 2 to be ground further.
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[0028] The outlet of the mill 1, i.e. the discharge open-
ing 5 of the grinding chamber 2 is connected, via the
outlet channel 47 to the mill product collecting tank 48
or the like. In this embodiment, in connection with the
collecting tank 48, there is provided a balance 49 for
weighing the mill product obtained from the mill 1.
[0029] In addition to the solids and water feed, to the
feed channel 12 of the mill 1 there can also be connected
one or several channels 50 in order to feed suitable
chemicals from the chemical unit 51 to the grinding proc-
ess. The chemical unit 51 contains for example a
number of chemical pumps 52 and connected contain-
ers 53.

[0030] In connection with the outlet channel 47 of the
mill 1, there also are advantageously provided, among
others, a pH measuring unit 54 and a Redox potential
measuring unit 55 in order to define the properties of the
mill product.

[0031] The mill 1 provided in the grinding apparatus
of figures 1, 2 and 3 is a laboratory mill which is contin-
uously operated and classifying. The outer diameter D
of the grinding chamber 2 of this mill 1 is 190 mm, and
the length L of the grinding part is 220 mm. The con-
necting of the classifier 14 to the mill 1, as a continuation
of its grinding part, has extended the total length L, of
the mill to 255 mm. In principle the classifier 14 is a
screen, as was explained above. It is composed of four,
five or six screen segments arranged on the level of the
end plate of the mill. The total volume of the mill capacity
is about 6.6 1, of which the grinding chamber is 6.24 1
and the classifier part 0.36 1. The grinding chamber 2
of the mill 1 is rotated by means of rotating rollers 6 at
a standard rate, which generally with a mill of this size
is 60 rpm, but can also be adjusted.

[0032] The grinding method according to the inven-
tion has been studied by means of the above described
apparatus and with several different ore samples. These
ore samples were the following: (1) Ni ore (hard gangue)
from Talvivaara, Sotkamo, (2) Cr ore (hard gangue) from
Kemi, (3) Cr ore (soft gangue) from Kemi, (4) Ni ore (soft
gangue) from Hitura, (5) Oxidic Cu ore (medium-hard
gangue) from Zaldivar, and (6) talc ore from Vuonos.
The materials were crushed by 100 % to 1 mm, to the
same degree of coarseness as is customary with feed
materials in laboratory experiments.

[0033] The significance of the size of the ball charge
in the mill to various factors. such as the mill capacity,
the mill filling volume and the fineness of the product
were investigated by varying the size of the grinder
charge in the mill stepwise within the range of 3-12 kg
(6-24 % volume of the grinder part). Respectively, the
significance of the feed slurry density was studied by
varying it stepwise within the range of 45-35 % hy
weight . With the Hitura ore (material 4), the lowest test-
ed slurry density was 25 % by weight. The reason for
the fact that the highest slurry density used in the ex-
periments was only 45 % by weight was an observation
made in preliminary tests, i.e. that some materials (4 Hit-
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ura, 3 Kemi Cr ore/soft gangue) were muddled into a
thick mass which was very difficult to handle, if too little
water was used (for instance 60 % by weight slurry den-
sity). Apparently the moving of the material in the mill
and/or its screenability becomes remarkably difficult al-
ready before reaching said congealed state.

[0034] The grinding method according to the inven-
tion was researched in the first step by studying the in-
fluence of the size of the ball charge to the mill capacity,
by changing the ball charge in the mill step by step from
3 to 12 kilos and by searching a maximum capacity for
each ball charge by simultaneously observing the de-
velopment of the mill filling rate. As accepted capacity
values, there were only acknowledged such feed values
that lead to a balanced situation ( = the mill filling volume
was stabilized with standard feed to a given steady-state
level, independent of time). By means of this procedure,
there was obtained for the various materials 1-5 under
investigation a capacity dependence on the size of the
ball charge. The results are presented for instance in
figures 4-7. Curves represented in the drawings can be
called specific curves of the various ore materials 1-5.
Said curves show that these ore materials do not be-
have in similar fashion, but as a rule each one of them
is an individual and behaves according to its own rules.
[0035] In the curves of figure 4 it is seen that when
the size of the ball charge was increased from 3 to 12
kilos, the capacity with the tested materials rose first in
a linear fashion, with a slope characteristic to each ma-
terial. As a general rule, the angle coefficient is constant
only to a certain limit, i.e. to the point of change, and
thereafter the angle coefficient is reduced to another
constant value. In the curve graph of figure 4, the point
of change is located, with both Kemi chromites (materi-
als 2 and 3) and with the Talvivaara nickel ore (material
1) at a point where the ball charge in the mill is 8 kg. On
the other hand, with the Zaldivar copper ore (material
5), there was not detected any conspicuous change of
point, but a slight change in the angle coefficient towards
lower values took place when the ball charge was 6 kg.
As for the Hitura ore (material 4), any apparent changes
in the angle coefficient were not detected, because the
material is easily ground.

[0036] However, on the basis of the curve graph of
figure 4, it can be maintained that the point of change
indicates the size of an optimal ball charge. The growing
of the ball charge over the point of change does not in-
crease the mill capacity to a similar extent as before the
point of change. It is also possible to find for the ball
charge an optimum size, the surpassing whereof results
in the reduction of the mill capacity (cf. figure 7).
[0037] The dependence of the mill filling volume on
the size of the ball charge with a standard slurry density
is illustrated in figures 5, 6 and 7. Naturally the growing
of the ball charge has a similar effect on the mill filling
volume as it has on the capacity, i.e. increasing. The mill
filling volume is a sum of two factors: total filling volume
= ball volume + slurry volume. Consequently: even if the
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slurry filling were not increased, the total filling volume
already increases with an increase in the ball filling.
[0038] When observing figure 5, it is seen that while
the feed slurry density decreases from 45.5 % to 35 %
by weight, the mill capacity grows noticeably with ball
charges of 4-10 kilos. The same observation can be
made on the basis of the curve graph shown in figure 6,
where the sample ore is the Hitura nickel ore (material
4) with two different feed slurry densities: 25 % and 45.5
% by weight. It is pointed out that the capacity values
obtained with the Hitura ore are the highest, which is
mainly due to the fact that this material grinds well.
[0039] Infigure 7 it is seen that with one ore material
(material 6: the Vuonos talc ore) the growing of the ball
charge over a certain limit, roughly 8 kg, reduces the mill
capacity. Moreover, figure 7 shows that the reduction of
the feed slurry density from 45.5 % to 35 % by weight
clearly increases the mill capacity, and that for the ball
charge there can be found an optimum size, which is
roughly 8 kg. It will be appreciated that the grinding ca-
pacity does not grow in linear fashion along with the
growth of the ball charge (cf. also figure 4). The angle
coefficient of the curves is constant until the point of
change, but changes radically thereafter.

[0040] In principle of operation, a mill realizing the
grinding method according to the invention is classifying
(water classification or combined water classification
and screening). Now the mill essentially produces a
standard product as for grain size. and there are not any
remarkable differences in the fineness of the product,
even if the size of the ball charge is changed. This is
true on the condition that the milling capacity of the mill
does not surpass the common top limit of screening ca-
pacity and slurry pumping. It was found out that this con-
dition is fulfilled with normal mill capacities. Further-
more, research found out that in the various cases, there
were only minor differences in the fineness of the mill
product, when comparing products obtained with charg-
es of different sizes in cases, where the feed slurry den-
sity was kept at a standard value. The fineness (maxi-
mum coarseness) of the mill product can be changed
only by changing the opening size of the screens of the
mill classifier.

[0041] In the grinding method of the invention, the
steady-state slurry density in the mill is as a rule inde-
pendent of the slurry density of the material fed into the
mill. Hence, in a balanced situation of the grinding proc-
ess. free water passes through the mill remarkably fast-
er than the thicker slurry with a steady-state slurry den-
sity and therealong the solids. This thick element is
formed in between the intermediate matrix between the
grinder pieces, and the free slurry space is formed
above them. This naturally results in that the water, pro-
ceeding faster than the solids, efficiently carries the fine
grain sizes of the material to be ground through the mill.
[0042] Figure 8 illustrates flushing flows of the free
water corresponding to the feed slurry density, when the
solids in the mill feed are 100 g, 150 g and 200 g. On
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the basis of these curves it is observed that while the
feed slurry density decreases from 45 to 25 % by weight,
the volume of free water passing through the mill grows
at best from the rate of 100 ml/min to 350 ml/min, when
the feed rate of solids is 200 g/min.

[0043] Figure 9 shows some calculations based on
measurements as for the delay times of solids and water
in the mill with feed slurry densities varying from 35 to
45 % by weight. In the measured values it is observed
that the delay time of solids (k.a.) is 11 minutes when
the grinder charge is 3 kilos iron balls (Fe), and respec-
tively the delay time of water is about 3.7 minutes. Other
points of the curve can be studied in the same fashion.
[0044] Consequently. water flushes the mill during the
grinding process. and this flushing saves the smallest
particles from overgrinding; as a result, energy is saved
and there is obtained a better product. It is well known
that the grinding of fine material into even finer con-
sumes a large amount of energy. While the flushing
empties the mill of ready-ground material, it makes room
for new feed and thus increases the mill capacity. The
more the feed slurry density deviates from the steady-
state slurry density of the mill towards a thinner slurry
density, the stronger this phenomenon is. These facts
can also be observed in the curve graphs of figures 6,
7 and 8.

[0045] Inan ordinary mill in a production process, the
feed slurry density is of the order 50-65 % by weight, in
which case the fed solids/water ratio is practically equal
to the steady-state slurry density created in the mill. In
that case the materials pass through the mill in a so-
called plug flow, where water and solids proceed
through the mill at the same rate, and the flushing phe-
nomenon does not appear. In the grinding method ac-
cording to the invention, the material flow through the
mill is changed into a classifying flow, so that the slurry
density of the material to be fed in the mill is remarkably
reduced as compared to the prior art. The new grinding
method also considerably increases the capacity of in-
dustrial-scale mills and cuts the overfine grain element
in the mill product, which also reduces energy consump-
tion in the process.

[0046] In the experiments it was found out that the
slurry density in the mill in a balanced situation, i.e. a
steady-state slurry density, is mainly nearly constant,
about 60 % by weight (58-62 % by weight), which is al-
most independent of the feed slurry density. This is the
case for instance with the Talvivaara ore (material 1). A
similar phenomenon was detected with the Hitura ore
(material 4), but the steady-state slurry density corre-
sponding to a balanced situation in the mill dropped, as
the feed slurry density dropped. With this material, there
were formed two different steady-state slurry densities
in the mill, 60 and 45 % by weight, when the feed slurry
densities were 45 and 25 % by weight. Figure 10 illus-
trates a mill slurry filling volume vs. a maximum feed of
solids, obtained with the Talvivaara ore sample, and re-
spectively figure 11 illustrates the mill slurry filling vol-
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ume vs. a maximum feed of solids, obtained with the
Hitura ore sample. With both these ore materials, it was
found out that the mill filling volume was decreased
when the feed slurry density was decreased, irrespec-
tive of an increased mill capacity. From the results it is
seen that in the results obtained with the Hitura ore ma-
terial. the dropping of feed slurry density had a remark-
ably more positive influence, because the fluidity of the
Hitura ore slurry is strongly dependent on the slurry den-
sity (inversely proportional). The decrease in the steady-
state slurry density inside the mill in the case of the Hit-
ura ore is mainly due to the soft gangue material.
[0047] Inthe grinding process according to the inven-
tion, a reduction of the mill feed slurry density increases
the grinding capacity of the mill. As was maintained
above, this is a result of a more efficient discharge of
ready-ground material from the mill, which discharge
cuts the delay time of the more easily transported ele-
ments (fine and/or light elements) in the mill. The more
the feed slurry density deviates from the steady-state
slurry density inside the mill towards the lower direction,
the stronger is the flushing inside the mill and the shorter
becomes the delay time of the finest elements in the mill.
This was already apparent from figures 8 and 9 above,
as well as from figure 12.

[0048] Figure 12 illustrates the delay times of solids
and water in the mill with different feed rates of the solids
in the feed. The shortening of the delay time of the finer
elements in the mill product naturally results in a reduc-
tion of the proportion of these elements in the product.
This is also shown in the accompanying drawing 13,
which shows the averaged screen analyses of the prod-
uct with two slurry densities, 35 and 45.5 % by weight.
In these results it is seen that a reduction in slurry den-
sity clearly reduces the passing-through value of the fine
elements. In the finer elements, the angle coefficient of
the function of the grain size distribution of the mill prod-
uct becomes more advantageous (larger angle coeffi-
cient = relatively less fine elements).

[0049] The curve graphs illustrated in figures 9 and
12 are obtained by calculating the delay times of solids
and water as functions of the feed rate and the feed slur-
ry density. The calculations are made on the basis of the
measured steady-state mill filling volume and steady-
state slurry density. Hence the results are only rough
estimates, but they clearly prove the existence of the
flushing phenomenon and its growth when shifting to-
wards a lower feed slurry density.

[0050] In the mill 1 of figure 2, the discharge means
provided in connection with the discharge opening 5
can, instead of the classifier 14, be a pumping device,
as was maintained above. In that case the pumping de-
vice resembles the classifier 14, with the difference that
a screen 15 is not used. The slurry passing freely
through the grinding chamber 2 is lifted by means of the
pumping device out of the discharge opening 5.

[0051] The ratio of the length L of the mill in figure 2
to the mill diameter D is roughly 1. It will be appreciated
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that by increasing the D/L ratio in the mill, the water flow
rate through the mill chamber can be increased, be-
cause when the diameter D increases, the transversal
area decreases as compared to the capacity. This has
a further reducing effect on the delay time of very fine
solids in the mill. Respectively, when the mill diameter
D increases, the size of the feed opening 4 and the dis-
charge opening 5 can be increased, as well as the sizes
of the openings connected to the classifier (if a classifier
is used). The opening size of the screen 15 can, if nec-
essary, be adjusted to be suitable. As arule, the opening
size in the screen segments of the screen 15 depends
on the size of the mill; with a laboratory-scale mill, the
opening size is for instance of the order 10-200 pum,
whereas the opening size in an industrial-scale mill can
be for instance of the order 0.5-10 mm. The ratio of the
diameter D of the grinding chamber 2a of the mill 1a to
its length L is most advantageously adjusted so that D/
L=>2, asisillustrated in figure 14. Thus there is obtained
an optimal shape of the mill and particularly of the grind-
ing chamber, where low values of the feed slurry density
are further utilized, as was described above. In that
case, there is not necessarily needed a classifier on the
discharge side of the mill, as in the mill of figure 2, but
it can naturally be added to the mill if necessary.
[0052] On the basis of the test results described
above, let us now summarize the advantages of the
grinding method according to the invention.

- At the research state, ore materials with different
hardnesses can be separated as individuals and
grouped into hardness groups (figure 4: different
angle coefficient of the solids and the mill capacity,
and of the ball charge, as well as the point of change
of the angle coefficient). On the basis of the ob-
tained results, a forecast of utilization can be made
for each ore material individually.

- An optimal size of the grinder charge can be deter-
mined for different ore materials (figures 4, 5 and 7).

- An optimal feed slurry density can be determined
for different ore materials (figures 6, 7, 8 and 9).

- By lowering the feed slurry density, there is
achieved both a drop in the mill filling volume and
an increase in the grinding capacity (figures 6 and
10, as well as figures 7 and 11).

- The grain size distribution in the mill product chang-
es toward the desired direction, i.e. the proportion
of the extremely fine elements decreases (figure
13).

- Inthe grinding process, in the grinding chamber of
the mill, both transport and classification are im-
proved, which factors help prevent overgrinding
(figures 8, 9 and 13). This saves energy and reduc-
es the proportion of overfine grain sizes in further
processes. Fine grain sizes (= slime) increase
process costs in concentration, and generally dete-
riorate the concentration result.
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[0053] It is further pointed out that the grinding proc-
ess according to the invention as such is classifying,
wherefore the classifier 14, described for instance in
connection with the mill 1 of figures 2 and 3, is not nec-
essarily needed in the mill. The water flow as such clas-
sifies the material to be ground in the grinding chamber
2 and carries the finer and lighter elements of the ground
material faster than others. The main purpose of the
classifier is to prevent the access of too large particles
through the mill and to form a closed, classifying circuit
where a two-step classification is carried out. This is par-
ticularly important when the dimensions of the mill, i.e.
the ratio of the mill diameter D to the length L of the grind-
ing part, is not larger or equal to 1.

[0054] In the above specification, the invention and
some of its modifications were explained with reference
to one preferred mill embodiment and test results only.
Itis, however, apparent that the invention can be applied
in many different ways within the scope of the invention-
al idea defined in the accompanying claims.

Claims

1. A method for grinding granular ore material, where-
in the employed feed is precomminuted ore material
and water, which are fed into a mill serving as the
grinding apparatus, comprising a grinding chamber
provided with a grinder charge such as ball charge,
in which grinding chamber the solids are ground,
and from the grinding chamber there is obtained a
mill product with a determined grain size distribu-
tion, characterized in that

- the solids content in the feed, termed feed slur-
ry density, is adjusted to be 45 % by weight or
less, in which case the solids content of the
slurry to be treated in the grinding chamber sets
up a steady-state slurry density which is higher
than the feed slurry density, and

- the excess free water formed of the difference
of the slurry densities is made to flow through
the grinding chamber and classify the mill prod-
uct into fine and coarse solids during the grind-
ing process so that the part of the mill product
that has reached a given grain size is flushed
out of the grinding process.

2. A method according to claim 1, characterized in
that the feed slurry density is adjusted to be such
that its solid content is within the range of 25 - 45
% by weight in which case the steady-state slurry
density in the grinding chamber sets up within the
range of 45 - 65 % by weight.

3. A method according to claim 1 or 2, characterized
in that the size of the optimal grinder charge, such
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as ball charge, is experimentally defined so that the
size of the ball charge is changed step by step and
a maximun capacity of the mill for each ball charge
is measured, a point of change in the angle coeffi-
cient between the ball charge and the capacity is
searched, which point of change indicates the size
of an optimal ball charge.

A method according to claim 1, 2 or 3, character-
ized in that in order to improve the classification of
the mill product obtained from the grinding cham-
ber, the mill product is shifted through a screen with
a predetermined screen opening size.

A method according to any of the preceding claims,
characterized in that the feed slurry density is ad-
justed by continuously measuring amount of the
solids and water fed to the grinding process and by
defining the weight ratio thereof.

Patentanspriiche

Verfahren zur Zerkleinerung von kérnigem Erzma-
terial, worin die verwendete Speise aus vorzerklei-
nertem Erzmaterial und Wasser besteht, die in eine
Mihle eingespeist werden, welche als Zerkleine-
rungsvorrichtung dient und eine mit einer Zerklei-
nererzuladung wie etwa einer Kugelzuladung aus-
gestattete Zerkleinerungskammer enthalt, in wel-
cher Zerkleinerungskammer die Feststoffe zerklei-
nert werden, und von der Zerkleinerungskammer
ein Mihlenprodukt mit einer bestimmten Korngro-
Renverteilung erhalten wird, dadurch gekenn-
zeichnet, dal3

- der Feststoffgehalt in der Speise, Speise-
schlammdichte genannt, so eingestellt wird,
daf® er 45 % nach Gewicht oder weniger be-
tragt, in welchem Fall der Feststoffgehalt des
in der Zerkleinerungskammer zu bearbeiten-
den Schlamms eine Dauerzustandsschlamm-
dichte bewirkt, die hoher ist, als die Speise-
schlammdichte, und

- das durch den Unterschied der Schlammdich-
ten gebildete Uberschissige freie Wasser ver-
anlat wird, durch die Zerkleinerungskammer
zu stromen und das Mihlenprodukt wahrend
des Zerkleinerungsprozesses in fein- und grob-
kornige Feststoffe zu klassieren, so daf? der Teil
des Mihlenprodukts, der eine bestimmte Korn-
groRe erreicht hat, aus dem Zerkleinerungspro-
zel3 heraus gespult wird.

2. Verfahren gemafR Anspruch 1, dadurch gekenn-

zeichnet, da die Speiseschlammdichte so einge-
stellt wird, daf3 ihr Feststoffgehalt innerhalb des Be-
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reichs von 25 - 45 % nach Gewicht liegt, in welchem
Fall sich die Dauerzustandsschlammdichte in der
Zerkleinerungskammer innerhalb des Bereichs von
45 - 65 % nach Gewicht einstellt.

Verfahren gemaf Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dal3 die GroRe der optimalen Zer-
kleinererzuladung, wie etwa einer Kugelzuladung,
experimentell definiert wird, so daf3 die GroR3e der
Kugelzuladung Schritt fir Schritt veréandert und eine
Maximalkapazitat der Mihle fir jede Kugelzula-
dung gemessen wird, ein Veranderungspunkt im
Winkelkoeffizienten zwischen der Kugelzuladung
und der Kapazitat gesucht wird, welcher Verande-
rungspunkt die Gro3e einer optimalen Kugelzula-
dung anzeigt.

Verfahren gemafd Anspruch 1, 2 oder 3, dadurch
gekennzeichnet, dal zur Verbesserung der Klas-
sierung des von der Zerkleinerungskammer erhal-
tenen Muhlenprodukts dieses Mihlenprodukt durch
einen Sieb mit einer vorbestimmten Siebo6ffnungs-
gréRRe hindurch bewegt wird.

Verfahren gemaf einem der vorherigen Anspriiche,
dadurch gekennzeichnet, daf} die Speise-
schlammdichte durch kontinuierliches Messen der
in den Zerkleinerungsprozel3 eingespeisten Fest-
stoff- und Wassermenge und durch Definition deren
Gewichtsverhéltnisses eingestellt wird.

Revendications

1.

Procédé de broyage d'un minerai granulaire, dans
lequel le matériau de départ utilisé est un minerai
pré-concassé et de l'eau, qui sont introduits dans
un moulin servant de broyeur, comportant une
chambre de broyage pourvue d'une charge de
broyage telle qu'une charge de boulets, chambre
de broyage dans laquelle les solides sont broyés et
un produit broyé avec une distribution granulomé-
trique déterminée est obtenu, caractérisé par le
fait que

- lateneur en solides du matériau de départ, ap-
pelée densité de boue de départ, est ajustée a
45% en poids ou moins, en auquel cas lateneur
en solides de la boue a traiter dans la chambre
de broyage assure une densité de boue stabi-
lisée supérieure a la densité de boue de départ,
et

- l'eauenexceslibérée, issue de la différence de
densités de la boue est forcée & s'écouler a tra-
vers la chambre de broyage et trie le produit
broyé en solides fins et grossiers pendant le
processus de broyage de sorte que la partie du
produit broyé qui atteint une granulométrie don-
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née est évacuée du processus de broyage.

Procédé selon la revendication 1 caractérisé par
le fait que la densité de boue de départ est ajustée
de facon que sa teneur en solides soit comprise
dans une plage de 25 a 45 % en poids, en auquel
cas, la densité de boue stabilisée dans la chambre
de broyage est assurée dans une plage de 45% a
65% en poids.

Procédé selon la revendication 1 ou 2 caractérisé

par le fait que la taille de la charge de broyage op-
timale, telle qu'une charge de boulets, est définie
expérimentalement de sorte que la taille de la char-
ge de boulets est modifiée pas a pas et qu'une ca-
pacité maximum du broyeur pour chaque charge de
boulets est mesurée, un point de changement d'an-
gle de pente entre I'ensemble de boulets et la ca-
pacité est recherché ledit point de changement in-
diquant la taille de la charge de boulets optimale.

Procédé selon les revendications 1, 2 ou 3 carac-
térisé par le fait que , afin d'améliorer le tri du pro-
duit broyé obtenu de la chambre de broyage, le pro-
duit broyé est passé a travers un tamis ayant des
mailles de taille prédéterminées.

Procédé selon I'une quelconque des revendications
précédentes, caractérisé par le fait que la densité
de la boue de départ est ajustée en mesurant en
continu la quantité de solides et d'eau d'alimenta-
tion du processus de broyage et en définissant leur
rapport en poids.
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