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(57) Abrégé/Abstract:

The present invention relates to a grinding process, in a grinding unit comprising: * a first shop comprising a first mill (11) and a first
separator (12), an outlet from the first mill (11) being connected to an inlet of the first separator (12); « a second shop comprising a
second separator (22) and a second mill (21), an outlet from the second separator (22) being connected to an inlet of the second
mill (21); the second separator (22) being fed by the material coming from the first separator (12), characterised in that: - the first
separator (12) is operated at a tangential speed of 15 to 25 m/s and a radial speed of 3.5 to 5 m/s; and - the second separator (22)
is operated at a tangential speed of 20 to 50 m/s and a radial speed of 2.5 to 4 m/s.
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(57) Abstract: The present invention relates to a grinding process, in a grinding unit comprising: « a first shop comprising a first mill
(11) and a first separator (12), an outlet from the first mill (11) being connected to an inlet of the first separator (12); « a second shop
comprising a second separator (22) and a second mill (21), an outlet from the second separator (22) being connected to an inlet of
the second mill (21); the second separator (22) being fed by the material coming from the first separator (12), characterised in that: -
the first separator (12) is operated at a tangential speed of 15 to 25 m/s and a radial speed of 3.5 to 5 my/s; and - the second separator
(22) is operated at a tangential speed of 20 to 50 m/s and a radial speed of 2.5 to 4 m/s.
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GRINDING PROCESS AND UNIT, AND CORRESPONDING PRODUCTION
PROCESS OF A HYDRAULIC BINDER

The present invention relates to the field of grinding, and in particular the grinding
of raw materials used for the production of hydraulic binders.

Grinding of different raw materials is a known process, as well as the equipment
and units making it possible to grind different raw materials. However, requirements in
terms of grinding have changed and in particular, there is a trend to grind different
materials more and more finely, in particular in the field of hydraulic binders.

The fineness of a material may be characterised by a curve called the particle size
distribution curve, which represents the evolution of the volume percentage of the
particles according to the average size of the particles. A particle size distribution curve
generally has a shape of the Gauss type of curve, which is to say a curve with a bell
shape.

Therefore, a particle size distribution curve increases until a maximum volume
percentage, then it decreases. A particle size distribution curve is more or less spread
out around the average size of the particles, which corresponds to the maximum volume
percentage. A particle size distribution curve is considered to be centred when it is not
very spread out on either side of the average size of the particles, which corresponds to
the maximum volume percentage.

The spread of a particle size distribution curve can, for example, be evaluated by
the Rosin Rammler (nRR) slope. The Rosin Rammler slope can be determined by
tracing a curve representing the evolution of the sieve residue, on a logarithmic scale,
according to the size of the particles. The obtained curve is almost a line. The slope of
this line is the Rosin Rammler slope.

In order to obtain a centred particle size distribution curve it is desirable to have a
Rosin Rammler slope greater than or equal to 1.2, preferably as high as possible.

It may be difficult to obtain a centred particle size distribution curve when a finely
ground material is desired. For example, a typical particle size distribution curve has a
Rosin Rammler slope of 0.8 to 1.1. A Rosin Rammler slope greater than or equal to 1.2
would be more satisfactory.

It is not possible to obtain materials having a centred particle size distribution
curve for a Blaine Specific Surface greater than or equal to 7000 cm?g using existing
grinding processes and associated equipment.

In order to respond to the requirements of industrialists and in particular to cement

producers, it has become necessary to find another means of obtaining ground
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materials having a centred particle size distribution curve for a Blaine Specific Surface
greater than or equal to 7000 cm?/g.

Therefore, the problem which the invention intends to solve is to provide a new
means to grind at least one material, and in particular a material used for the production
of hydraulic binders, in order to obtain a ground material having a Rosin Rammler slope
greater than or equal to 1.2, preferably as high as possible, and a Blaine specific surface
greater than or equal to 7000 cm?/g.

Unexpectedly the inventors have shown that it is possible to use, to grind a
material more finely, and in particular a material used for the production of hydraulic
binders, a grinding process with a unit comprising a first mill associated with a first
separator, and a second separator associated with a second mill, the radial speed and
the tangential speed of the first and second separators being selected so that the final
ground material has a Blaine Specific Surface greater than or equal to 7000 cm?g
and/or a Rosin Rammler slope greater than or equal to 1.2.

Generally, a separator comprises a fixed cylindrical enclosure on a vertical axis, in
which a rotating cage and vanes are placed. The vanes are placed in a circle around the
rotating cage. They extend over the entire height of the rotating cage. The rotating cage
comprises blades fixed between the massive bottom disk and a hollow top disk. Each
blade is radially oriented in a substantially vertical direction over the entire height of the
rotating cage. The space located between the blades of the rotating cage and the vanes
is called the selection zone. The space located between the cylindrical enclosure and
the vanes is called the feeding zone of gas and particles of a material to be separated. A
gas passes through a separator, in particular, to carry the particles of a material to be
separated. The rotating cage is a cylinder, having a height and a diameter, which turns
around itself along the vertical axis of the rotating cage. The vanes can be oriented,
rotating around themselves, to adjust the speed of the gas to the rotation speed of the
rotating cage. The gas, which carries the material to be separated arrives by the bottom
of the separator in the feeding zone and rises vertically. It is diverted by the vanes, in
order to pass the selection zone and reach the blades of the rotating cage by a radial
movement, then it resumes its vertical rising movement in the centre of the rotating
cage.

The radial speed is the displacement speed, through the selection zone of the
separator, of the gas used to carry the particles of the material to be separated. The
radial speed is expressed in metre per second. The radial speed can be calculated
according to known methods by the person skilled in the art, knowing the height and

diameter of the rotating cage (hence its exchange surface) and the flow rate of the gas.
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The tangential speed is the rotation speed on the periphery of the rotating cage of
the separator, which transmits a centrifugal force to the particles of the material to be
separated. The tangential speed is expressed by metre per second. The tangential
speed can be calculated according to known methods by the person skilled in the art,
knowing the diameter of the rotating cage and its rotation speed in revolutions per
minute.

The present invention intends to provide at least one of the advantages listed
below:

- it is possible to grind materials to finenesses greater than or equal to 7000 cm?/g
Blaine Specific Surface;

- it is possible to reduce the energy required for the grinding, for example by
optimising the dimension of the second mill in a grinding process carried out in two
steps;

- the material to be ground can remain less time in the first and second mills, to
obtain equivalent finenesses compared with known grinding units;

- in the case where the first and/or the second mills are ball mills, it is possible to
reduce the grinding time even more by reducing the diameter of the balls;

- generally, when the tangential speed is increased and when the radial speed is
reduced for the first and/or the second separators, it is possible to separate the particles
having a smaller average size.

Finally, the invention has the advantage of being able to be used in the building
industry, the cement industry or in grinding stations.

The invention relates to a grinding process of a raw material in a grinding unit
comprising:

e a first shop comprising a first mill and a first separator, an outlet from the first
mill being connected to an inlet of the first separator;

e asecond shop comprising a second separator and a second mill, an outlet from
the second separator being connected to an inlet of the second mill;

the second separator being fed by the material coming from the first separator, said

process being characterised in that:

- the first separator is operated at a tangential speed of 15 to 25 m/s and a radial
speed of 3.5 to 5 m/s; and

- the second separator is operated at a tangential speed of 20 to 50 m/s and a
radial speed of 2.5 to 4 m/s.

The process according to the present invention makes it possible to produce

ultrafine materials at an industrial flow rate.
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Preferably, the first separator is operated at a tangential speed of 20 to 25 m/s and
a radial speed of 3.5 to 4.5 m/s.

Preferably, the second separator is operated at a tangential speed of 25 to 45 m/s
and a radial speed of 3 to 3.5 m/s.

Preferably, the ratio between the tangential speed of the second separator and the
tangential speed of the first separator is from 1.6 to 2.4, in particular from 1.8 to 2.2.

Preferably, the ratio between the radial speed of the first separator and the radial
speed of the second separator is from 1.1 to 1.5, in particular from 1.2 to 1.4.

Preferably, the process comprises the following steps:

grinding of the raw material to be ground in the first mill to provide a first ground

material;

separating of the first ground material in the first separator to provide a first fine

fraction and a first coarse fraction;

re-circulating the first coarse fraction towards the first mill;

separating the first fine fraction in the second separator to provide a second fine

fraction and a second coarse fraction;

storing the second fine fraction in a storage means;

grinding the second coarse fraction in the second mill to provide a second ground

material;

separating the second ground material in the second separator.

The invention also relates to a process for production of a hydraulic binder
comprising the following steps:

(i). grinding at least two materials with a grinding process as defined above;
(ii). mixing the materials obtained in step (i) with other optional ground or not
ground materials.

Preferably, the grinding operation in step (i) is an operation during which the
materials are ground separately.

The present invention also relates to a hydraulic binder comprising materials
obtained by the grinding process according to the present invention.

Preferably, the materials of the hydraulic binder according to the present invention
were obtained by separate grinding, which is to say that they were each ground
separately in a grinding unit, which is preferably the grinding unit according to the
present invention.

The invention also relates to a grinding unit, in particular for carrying out the

grinding process as defined above, said unit comprising:
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o a first shop comprising a first mill and a first separator, an outlet from the first
mill being connected to an inlet of the first separator ;
e asecond shop comprising a second separator and a second mill, an outlet from
the second separator being connected to an inlet of the second mill;
the second separator being fed by the material coming from the first separator,
wherein the first separator is adapted to operate at a tangential speed of 15 to 25 m/s
and a radial speed of 3.5 to 5 m/s, and the second separator is adapted to operate at a
tangential speed of 20 to 50 m/s and a radial speed of 2.5 to 4 m/s.

Preferably, the first separator is adapted to operate at a tangential speed of 20 to
25 m/s and a radial speed of 3.5 to 4.5 m/s. Preferably, the second separator is adapted
to operate at a tangential speed of 25 to 45 m/s and a radial speed of 3 to 3.5 m/s.

When a given separator is adapted to operate at a speed of a given range, it
means that it is adapted to operate at any value of this range.

The grinding unit according to the present invention comprises two shops, which
may be connected to each other or separated by an intermediary storage means. The
two shops may be on the same site or on different sites. On the other hand, the two
shops of the grinding unit according to the present invention may operate at the same
time or at differed times. They may operate at the same flow rate of material or a
different flow rates.

The first and second mills may be any known mills, for example a ball mill or a
compressive mill.

According to a first embodiment, the second mill is a ball mill. A ball mill generally
comprises an enclosure of cylindrical shape, in which the material to be ground is placed
having a length and a diameter D. Preferably, the second mill is a ball mill comprising an
enclosure of cylindrical shape having a length L, a diameter D and a L/D ratio less than
or equal to 2.5, L and D being expressed in the same unit of measurement.

When the second mill is a ball mill, the length/diameter ratio (L/D) of the enclosure
of the second mill is preferably less than or equal to 2, more preferably less than or
equal to 1.5.

Preferably, the L/D ratio is greater than or equal to 0.65.

Preferably, the balls have an average diameter of 18 to 20 mm.

According to a second embodiment, the second mill is a compressive mill. In this
respect the second shop may comprise said compressive mill and said second
separator, an outlet of the separator being connected to an inlet of the mill, the separator

being fed with gas by:
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e afirst inlet of gas located at the level of the mill, the gas coming from the first
inlet of gas first passing through the mill then through the separator;

e a second inlet of gas located at the level of the separator, the gas coming from
the second inlet of gas only passing through the separator and mixing with the
gas from the first inlet of gas after its passage through the mill.

The invention also relates to a cement plant comprising a grinding unit according
to the present invention connected to an inlet to a cement plant kiln.

The invention also relates to a grinding shop comprising a grinding unit according
to the present invention connected to an inlet to a storage means.

The invention also relates to a use of a grinding unit according to the present
invention to obtain a final ground material having a Rosin Rammler slope greater than or
equal to 1.2.

The material to be ground is preferably a material used for the production of a
hydraulic binder or a hydraulic composition.

The material to be ground is preferably a clinker, a hydraulic binder (for example, a
cement) or a mineral addition (for example slag, fly ash, a pozzolan or limestone).

A clinker is generally the product obtained after burning (clinkerisation) of a mix
(the raw meal) comprising limestone and for example, clay.

A hydraulic binder comprises any compound which sets and hardens by hydration
reaction. Preferably, the hydraulic binder is a cement. A cement generally comprises
one clinker and calcium sulphate. The clinker may, in particular, be a Portland clinker.

Mineral additions are generally, for example, fly ash (for example as defined in the
« Cement » Standard NF EN 197-1 of February 2001 paragraph 5.2.4 or as defined in
the « Concrete » Standard EN 450), pozzolanic materials (for example as defined in the
« Cement » Standard NF EN 197-1 of February 2001 paragraph 5.2.3), silica fume (for
example as defined in the « Cement » Standard NF EN 197-1 of February 2001
paragraph 5.2.7 or as defined in the « Concrete » Standard prEN 13263:1998 or
NF P 18-502), slags (for example as defined in the « Cement » Standard NF EN 197-1
paragraph 5.2.2 or as defined in the « Concrete » Standard NF P 18-506), calcined
shale (for example as defined in the « Cement » Standard NF EN 197-1 of February
2001 paragraph 5.2.5), limestone additions (for as defined in the « Cement » Standard
NF EN 197-1 paragraph 5.2.6 or as defined in the « Concrete » Standard NF P 18-508)
and siliceous additions (for example as defined in the « Concrete » Standard NF P 18-
509), metakaolins or mixtures thereof.

The fineness of the final ground material may be expressed in terms of Dv97,

Dv80 or Blaine Specific Surface. The Dv97 (by volume) is generally the 97™ percentile of
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the particle size distribution, that is to say that 97 % of the particles have a size smaller
than or equal to Dv97 and 3 % have a size larger than Dv97. Likewise, the Dv80 (by
volume) is generally the 80™ percentile of the particle size distribution, that is to say that
80 % of the particles have a size smaller than or equal to Dv80 and 20 % have a size
larger than Dv80.

Generally, the Dv97 and Dv80 may be determined by laser granulometry for
particle sizes less than 200 pm, or by sieving beforehand for particle sizes greater than
200 ym. A laser granulometry apparatus generally comprises equipment for prior
treatment of the material to be analyzed to make it possible to de-agglomerate the
particles of the material. Generally, de-agglomeration is carried out by ultrasound in
liquid medium (for example in ethanol). When the particles tend to agglomerate it is
recommended to vary the duration of the ultrasound to ensure the dispersion or to
change the nature of the dispersing liquid.

The Blaine Specific Surface is determined according to the EN 196-6 Standard of
August 1990, paragraph 4.

The Blaine Specific Surface of the final ground material is preferably from 7000 to
10000 cm?g.

The fineness of the ground material may be:

- for a cement of type CEM | according to the EN 197-1 Standard of February
2001, the Dv97 may be from 15 to 20 um and the Blaine Specific Surface may
be from 7000 to 10000 cm?¥/g;

- for a limestone mineral addition, the Dv80 may be approximately 6 um;

- for a slag, the Dv80 may be from 5 to 7 ym and the Blaine Specific Surface
may be from 7000 to 10000 cm?¥/g;

- for fly ash, the Dv97 may be approximately 7 ym.

Preferably, the Rosin Rammler slope of the final ground material is from 1.2 to 1.6,

more preferably from 1.3 to 1.5.

The grinding unit and the process according to the present invention may for
example make it possible to obtain hydraulic binders as described in French patent
applications n° 06/04398, 07/06703, 09/01364 and 11/50676.

When several materials are to be ground, the different materials to be ground may
be ground together or separately.

When several materials are to be ground, the grinding process according to the
present invention is preferably based on separate grinding of the materials in order to
optimise the grinding for each of the materials. Known grinding processes are co-

grinding processes, which in particular present problems in terms of managing the
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respective fineness of each material to be ground. A mix of two materials having
different grindabilities does not make it possible to obtain a mix ground with satisfactory
finenesses, even optimum finenesses, for each material. The easiest material to grind
may be ground more finely than desired whilst the less easy material to grind may be
ground more coarsely than desired. In contrast, separate grinding operations can
provide the desired fineness for each material.

On the other hand, separate grinding can make it possible to customize the
compositions, with controlled natures, quantities and sizes of the different materials.

Preferably, several grinding units according to the present invention may be used
on the same site to grind each material separately.

The invention also relates to a ball mill, in particular a ball mill which belongs to the
above grinding unit, said ball mill comprising an enclosure with a cylindrical shape
having a length L, a diameter D and a L/D ratio less than or equal to 2.5, L and D being
expressed in the same unit of measurement.

The invention also relates to a grinding shop, in particular a grinding shop which
belongs to the above grinding unit, said shop comprising a compressive mill and a
separator, an outlet of the separator being connected to an inlet of the mill, the separator
being fed with gas by:

e afirst inlet of gas located at the level of the mill, the gas coming from the first
inlet of gas first passing through the mill then through the separator;

e a second inlet of gas located at the level of the separator, the gas coming from
the second inlet of gas only passing through the separator and mixing with the
gas from the first inlet of gas after its passage through the mill.

The embodiments presented above are described in more detail in the following
description, in relation to the following figures:

- Figure 1 represents an embodiment of a grinding unit according to the present

invention;

- Figure 2 represents another embodiment of a grinding unit according to the

present invention;

- Figure 3 is a side view with a cross section of a mill and a separator which

belong to the grinding unit according to the present invention; and

- Figure 4 is a cross section along line IV-IV on Figure 3.

According to Figure 1, the grinding unit comprises a first shop and a second shop.
The first shop comprises a first mill 11, a first separator 12 and a first filter 13. The
second shop comprises a second mill 21, a second separator 22 and a second filter 23.

The first mill 11 is fed with material to be ground by a first conveying means 31. An
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outlet of the first mill 11 is connected to an inlet of the first separator 12 by a second
conveying means 32. A first outlet of the first separator 12 is connected to an inlet of the
first mill by a third conveying means 33. A second outlet of the first separator 12 is
connected to an inlet of the first filter 13 by a fourth conveying means 34. An outlet of
the first filter 13 is connected to an inlet of the second separator 22 by a fifth conveying
means 35. A first outlet of the second separator 22 is connected to an inlet of the
second filter 23 by a sixth conveying means 36. An outlet of the second filter 23 is
connected to a storage means 42 by a seventh conveying means 37. A second outlet of
the second separator 22 is connected to an inlet of the second mill 21 by an eighth
conveying means 38. An outlet of the second mill 21 is connected to the inlet of the
second separator 22 by a ninth conveying means 39.

The conveying means may be any known conveying means, and for example a
conveyor belt, a continuous screw or a truck.

The operating procedure of the embodiment of a grinding unit according to Figure
1 is the following. The raw material is ground in the first mill 11 to provide a first ground
material. The first ground material is separated in the first separator 12 to provide a first
fine fraction and a first coarse fraction. The first coarse fraction is then ground in the first
mill 11. The first filter 13 is fed by the first fine fraction. The first filter 13 makes it
possible to filter the transporting gas of the first separator 12 to provide a first filtered
fine fraction. The first filtered fine fraction is separated in the second separator 22 to
provide a second fine fraction and a second coarse fraction. The second filter 23 is fed
by the second fine fraction. The second filter 23 makes it possible to filter the
transporting gas of the second separator 22 to provide a second filtered fine fraction.
The second filtered fine fraction is stored in the storage means 42. The second coarse
fraction is ground in the second mill 21 to provide a second ground material. The second
ground material is separated in the second separator 22.

According to Figure 2, which represents a variant of the process represented in
Figure 1, the grinding unit may further comprise a storage means 41, which may be a
silo, located between the first filter 13 and the second separator 22. The outlet of the first
filter 13 is connected to an inlet of the storage means 41 by a tenth conveying means
40. An outlet of the storage means 41 is connected to the inlet of the second separator
22 by the fifth conveying means 35.

The operating procedure of the embodiment of a grinding unit according to Figure
2 is the following. After passage through the first filter 13, the first filtered fine fraction is

stored in the storage means 41. This may in particular be the case when two shops do
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not operate at the same time, do not operate at the same flow rate or are not on the
same site. In the latter case, the fifth and/or tenth conveying means 35, 40 is a truck.

By way of example, the raw materials to be ground may have a particle size less
than or equal to 50 mm. The first filtered fine fraction may have a particle size less than
or equal to 63 uym, a Blaine Specific Surface of approximately 3960 cm?/g and a Rosin
Rammler slope of approximately 1.02. The second filtered fine fraction may have a
particle size less than or equal to 20 ym, a Blaine Specific Surface of approximately
8000 cm?/g and a Rosin Rammler slope greater than or equal to 1.2.

By way of example, the flow rate of the first filtered fine fraction provided by the
first filter 13 may be approximately 100 t/h. The flow rate of the second filtered fine
fraction provided by the second filter 23 may be approximately 50 t/h.

According to the embodiment of Figures 3 and 4 the second mill is a compressive
mill 3 connected to the second separator 5. The mill comprises an enclosure 45 in which
a cylindrical grinding table 2 on a vertical axis is placed, surrounded by a louver ring 14
which comprises guiding means of the flow of gas in the vertical direction. Rollers 10 are
placed at the periphery of the table 2.The axis of the rollers 10 is positioned radially
relative to the table 2. A cone 16 connects the mill 3 and the separator 5. The mill 3 also
comprises a first inlet of gas 7, located at the bottom of the mill 3 which emerges in the
louver ring 14. The louver ring 14 is connected to the first inlet of gas 7. A means | of
supplying material to be ground makes it possible to feed the mill 3 with material to be
ground.

The separator 5 comprises a fixed enclosure 18 on a vertical axis on which a
rotating cage 9 and vanes 17 are placed vertically. The vanes 17 are placed in a circle
around the rotating cage 9. They cover the entire height of the rotating cage 9. The
rotating cage 9 comprises blades 43 which are fixed between the bottom massive disk
and a top hollow disk 44. Each blade 43 is oriented radially and extend out in a
substantially vertical direction over the entire height of the rotating cage 9. The blades
43 do not join together at the centre of the rotating cage 9. A selection zone 15
corresponds to the space between the rotating cage 9 and the vanes 17. A feeding zone
6 of gas and particles of a material to be separated corresponds to the space between
the cylindrical enclosure 18 and the vanes 17. The top end of the enclosure 45 of the
mill 3 emerges in the feeding zone 6 through a passage 46. The separator further
comprises a second inlet of gas 8. The second inlet of gas 8 is located at the level of the
enclosure 18 of the separator 5. The second inlet of gas 8 may be in the form of

Variable Inlet Vanes, the position of which is adjustable to adjust the additional flow of
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gas. A conveying means Il makes it possible to evacuate the final ground material from
the separator 5.

When in operation, the material to be ground is fed by the supply means | at the
centre of the table 2 of the mill 3. The table 2 turns around its axis during the grinding
operation. The rotation speed of the table 2 of the mill 3 may be set or be adjustable.
The material moves from the centre of the table 2 towards the outer part of the table 2
during the grinding operation.

The rollers 10 turn around their horizontal axis. The rollers 10 may have different
shapes, for example cylindrical, ring or truncated shapes. The rollers 10 exert pressure
on the table 2 whilst they roll on the table 2 to grind the material to be ground. The
rollers 10 are put under pressure by a hydraulic system (operating, for example with oil).

The material to be ground entering the ring zone 14 is transported by the gas from
the first inlet 7 at the end of the table 2 towards the feeding zone 6 of the separator 5
through the passage 46. The total flow rate of gas in the feeding zone 6 comprises two
different flow rates of gas: the flow rate of gas from the first inlet 7 coming from the mill 3
and an additional flow rate of gas coming from the second inlet 8 coming from exterior
air inlets located at the level of the separator 5.

The rotating cage 9 turns around its vertical axis D in the direction given by the
arrow 19. This rotation creates a tangential speed represented by the arrow 20. The
vanes 17 are fixed, which is to say that they do not turn around the vertical axis D of the
rotating cage 9. The vanes 17 can be oriented, rotating around themselves, to adjust the
speed of the gas to the rotation speed of the rotating cage 9. The mix of gas coming
from the first inlet 7 and the second inlet 8, which carries the particles of the material to
be separated, arrives by the bottom of the separator and rises in a substantially vertical
direction in the feeding zone 6. It is diverted by the vanes 17, in order to pass through
the selection zone 15 and reach the blades 43 of the rotating cage 9 in a substantially
radial movement, which is to say in the direction of the vertical D axis. The gas escapes
from the rotating cage 9 in a rising movement, through an opening which is substantially
at the centre of the rotating cage 9 which is generally connected to an aspiration means
(not represented). The particles entrained by the gas reach the rotating cage 9 at a
radial speed represented by the arrow 30.

The additional flow of gas from the second inlet 8 makes it possible to adjust the
total flow of gas in the feeding zone 6 and hence the flow of gas in the selection zone
15. This total flow of gas comprising the flow of gas from the first inlet 7 and the
additional flow of gas from the second inlet 8 induces the radial speed. The tangential

speed is determined by the rotation speed of the rotating cage 9 of the separator 5. The
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combination of the tangential and radial speeds defines the cut size and the fineness of
the final ground material. The sufficiently small particles are entrained by the gas, then
they rise in a substantially vertical direction with the gas. The particles which are too big
fall into the selection zone 15 by the action of gravity. The particles which are too big,
which fall into the selection zone 15 are recovered in the cone 16, which sends the
particles which are too big to the table 2 of the mill 3. The fine particles are directed
towards the conveying means |l of the final ground material, which is generally
connected to a means of aspiration and to a storage means.

In the above paragraphs related to figures 3 and 4, reference is made to a
compressive mill, used as second mill according to the invention. However, this
compressive mill may be replaced by a ball mill. In particular, this ball mill may comprise
an enclosure of cylindrical shape having a length L, a diameter D and a L/D ratio less
than or equal to 2.5.

When use is made of a ball mill, the associated separator may have the same
structure as that of separator 5 described in figures 3 and 4. Moreover, this separator
associated to a ball mill may be operated in the same way, as that above described in
reference to separator 5 associated to a compressive mill. Moreover, whatever the
nature of second mill, a compressive mill or a ball mill may be used as first mill.
EXAMPLES
Example 1: Comparison of different grinding shops

Different grinding shops were compared. Each of the mills presented below was
associated to a separator.

Test 1 was carried out in the conditions described below. The material to be
ground was a cement of type CEM | 52,5 N from the Lafarge cement plant of Saint
Pierre La Cour. The grinding unit comprised a first shop comprising a first ball mill and a
first separator, an outlet of the first mill being connected to an inlet of the first separator;
and a second shop comprising a second separator and a second ball mill, an outlet of
the second separator being connected to an inlet of the second mill; the second
separator being fed by the material from the first separator. The first mill had two
compartments. The first compartment of the first mill had a filling rate of balls of 30 % by
volume and comprised balls having a diameter of 60 to 90 mm. The second
compartment of the first mill had a filling rate of balls of 32% by volume and comprised
balls having a diameter of 20 to 50 mm. The second mill had a compartment having a
filling rate of balls of 24% by volume and comprising balls having a diameter of 18 to 20

mm. The cement obtained after passage through the first mill had a Blaine Specific
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Surface of Blaine of 3500 cm?#g. The cement obtained after passage through the second
mill had the characteristics presented in Table 1 below.

Test 2 was carried out in the conditions described below. The material to be
ground was a cement of type CEM | 52,5 N from the Lafarge cement plant of Saint
Pierre La Cour. The grinding unit comprised a first shop comprising a first ball mill and a
first separator, an outlet of the first mill being connected to an inlet of the first separator;
and a second shop comprising a second separator and a second ball mill, an outlet of
the second separator being connected to an inlet of the second mill; the second
separator being fed by the material from the first separator. The first mill had two
compartments. The first compartment of the first mill had a filling rate of balls of 30 % by
volume and comprised balls having a diameter of 60 to 90 mm. The second
compartment of the first mill had a filling rate of balls of 32% by volume and comprised
balls having a diameter of 20 to 50 mm. The second mill had a compartment having a
filling rate of balls of 24% by volume and comprising balls having a diameter of 18 to 20
mm. The cement obtained after passage through the first mill had a Blaine Specific
Surface of 3500 cm?/g. The cement obtained after passage through the second mill had
the characteristics presented in Table 1 below.

Test 3 was carried out in the conditions described below. The material to be
ground was a cement of type CEM | 52,5 R from the Lafarge cement plant of La
Couronne. The grinding unit comprised a shop comprising a ball mill and a separator, an
outlet of the mill being connected to an inlet of the separator. The mill had two
compartments. The first compartment of the mill had a filling rate of balls of 30 % by
volume and comprised balls having a diameter of 60 to 90 mm. The second
compartment of the mill had a filling rate of balls of 32% by volume and comprised balls
having a diameter of 20 to 50 mm. The cement obtained after passage through the mill
had the characteristics presented in Table 1 below.

Table 1 below presents the obtained results. The first separator had a tangential
speed of 15 to 25 m/s and a radial speed of 3.5 to 5 m/s in Test 1 and Test 2, which

corresponds to the speeds defined according to the invention.
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Table 1: Comparison of the different grinding shops

Test 1 Test 2 Test 3
Radial zz:e;?att)::he first 35105 m/s 35105 mjs ]
T sacond separator | 304 ms 20.3 mis 25.0 ms
eocond soparator 3.5 mis 3.5 mis 3.9 mis
“the final ground cement | 9300cma | 8400cmig | 4400 enlg
" Ground coment 1.50 1.39 0.97

The nRR slope is the Rosin Rammler slope.

According to Table 1 above, Test 1 and Test 2 each comprised two grinding steps
and tangential and radial speeds for the first and the second separators corresponding
to those defined according to the invention (for the first separator a tangential speed of
15 to 25 m/s and a radial speed of 3.5 to 5 m/s; for the second separator, respectively a
tangential speed of 30.4 m/s and a radial speed of 3.5 m/s for Test 1, and a tangential
speed of 29.3 m/s and a radial speed of 3.5 m/s for Test 2). Test 1 and Test 2 produced
a material having a Blaine Specific Surface greater than or equal to 7000 cm?g
(respectively 9300 cm?#g for Test 1 and 8400 cm?g for Test 2) and having a nRR slope
greater than or equal to 1.2 (respectively 1.50 for Test 1 and 1.39 for Test 2).

Test 3 comprised one single grinding step. It was not possible to obtain a ground
material having a Blaine Specific Surface greater than or equal to 7000 cm?/g (4400
cm?/g) and having a nRR slope greater than or equal to 1.2 (0.97) in Test 3.

Example 2: Comparison of the ball mills

Several ball mills were compared. The ball mills had a cylindrical enclosure having
different L/D ratios, L being the length and D being the diameter.

The grinding unit comprised a first shop comprising a first ball mill and a first
separator, an outlet of the first mill being connected to an inlet of the first separator; a
second shop comprising a second separator and a second ball mill, an outlet of the
second separator being connected to an inlet of the second mill; the second separator
being fed by the material from the first separator.

Only certain operating parameters of the second shop are presented in Table 2
below. For Tests 1-1 to 4-1, the material fed into the first shop was a mix of clinker,
limestone and gypsum having a particle size less than or equal to 50 mm. The
composition of the mix was 90 % by mass of clinker, 5 % by mass of gypsum and 5 %

by mass of limestone. The material leaving the first shop was a cement of type CEM |
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according to the EN 197-1 Standard of February 2001 having a Blaine Specific Surface
of 3960 cm?/g and a Rosin Rammler (nRR) slope of 1.02.

The material fed into the first shop in the comparative test was a cement of type
CEM 1| according to the EN 197-1 Standard of February 2001. The material leaving the
first shop had a Blaine Specific Surface of 3400 cm?g and a Rosin Rammler (nRR)

slope of 0.99.
Table 2: Conditions and results obtained for the grinding process in the second shop
sine | SPechc
Second Filling raote Size of the L/D Specific the second | NRR slope
shop of balls (%) | balls (mm) Surface o KWt
(cm?/g) ml
2)
Test 1-1 29 18-20 0.70 7540 53 1.47
Test 1-2 1.40 7030 51 1.44
Test 2-1 0.70 7250 51 1.40
24 18-2
Test 2-2 8-20 1.40 7370 49 1.31
Test 3-1 17 18-20 0.70 8800 79 1.48
Test 3-2 1.40 8280 71 1.59
Test 4-1 25 12,7 0.70 7250 47 1.36
Comparative| 28 >25 2.9 5250 x 0.87

The nRR slope is the Rosin Rammler slope.

The specific energy corresponds to the grinding energy per ton of raw material and
is given in kWht.

According to Table 2 above, the different tests which were carried out in a ball mill
comprising an enclosure having a L/D diameter less than or equal to 2 (tests 1-1 to 4-1)
made it possible to obtain a ground material having a Blaine Specific Surface greater
than or equal to 7000 cm#g and a Rosin Rammler slope greater than or equal to 1.2.

The optimum value of the L/D ratio in the conditions of the example was
approximately 1.4, and the optimum value of the filling rate of the mill was from 23 to 24
% by volume.

However, a satisfactory solution was tested with a ball mill comprising balls having
an average diameter of 12.7 mm, a filling rate of balls of 24 % and a L/D ratio of 0.7.

The comparative test was carried out in a ball mill comprising an enclosure having
a L/D ratio of 2.9. The obtained ground material had a Blaine Specific Surface of 5250

cm?/g and a Rosin Rammler slope of only 0.87.
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Table 3: Comparison of energies required for the grinding

Blaine Specific Specific Total eﬁgrijc;/f:’%r
Specific energy of energy of specific grinding in
Surface | the first mill the second | energy for one single
(cm?/g) KWh/t (1) mill KWh/t grinding step
(2) total kWht
total KWht
Test 1-2 7030 41 51 92 104
Test 3-2 8280 41 71 112 148

The specific energy expressed in kWh/t (1) in Table 3 above, corresponded to the
5 grinding energy per tonne of raw material for the first ball mill, which is to say, the
grinding operation of the mix described above having a particle size less than or equal to
50 mm. The specific energy expressed in kWh/t (2) corresponded to the grinding energy
per tonne of raw material for the second ball mill, which is to say the grinding operation
of the cement initially having a Blaine Specific Surface of 3960 cm?g to obtain the
10 fineness values described in the second column of Table 3.

To conclude, the grinding operation in one single step using a ball mill comprising
an enclosure having a L/D ratio of 3 to 3.5 (refer to column six in Table 3) consumed
more specific energy than the grinding operation in two steps. For example, the specific
grinding energy was 104 kWh/t to produce a cement having a Blaine Specific Surface of

15 7030 cm?g in one grinding step whilst it was 92 kWh/t in two grinding steps.
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CLAIMS:

A grinding process of a raw material in a grinding unit, said unit including a first shop
comprising a first mill and a first separator, an outlet from the first mill being connected to
an inlet of the first separator, a second shop comprising a second separator and a second
mill, an outlet from the second separator being connected to an inlet of the second mill,
the second separator being fed by the material coming from the first separator, said

grinding process comprising:

operating the first separator at a tangential speed of 15 to 25 m/s and a radial speed of
3.5 to 5 m/s; and operating the second separator at a tangential speed of 20 to 50 m/s
and a radial speed of 2.5 to 4 m/s.

The grinding process according to claim 1, wherein the first separator is operated at a
tangential speed of 20 to 25 m/s and a radial speed of 3.5 to 4.5 m/s.

The grinding process according to claim 1 or 2, wherein the second separator is operated
at a tangential speed of 25 to 45 m/s and a radial speed of 3 to 3.5 m/s.

The grinding process according to any one of claims 1 to 3, wherein the ratio between the
tangential speed of the second separator and the tangential speed of the first separator is
from 1.6 to 2.4.

The grinding process according to claim 4, wherein the ratio between the tangential speed
of the second separator and the tangential speed of the first separator is from 1.8 {0 2.2

The grinding process according to any one of claims 1 to 5, wherein the ratio between the
radial speed of the first separator and the radial speed of the second separator is from 1.1
to 1.5.

The grinding process according to claim 6, wherein the ratio between the radial speed of
the first separator and the radial speed of the second separator is from 1.2 to 1.4.

The grinding process according to any one of claims 1 to 7, comprising:

a) grinding of the raw material to the ground in the first mill to provide a first ground

material;



5

10 9.

15 10.
11.
L

20

25

18

b) separating of the first ground material in the first separator to provide a first fine

fraction and a first coarse fraction;

¢) re-circulating the first coarse fraction towards the first mill; d) separating the first fine
fraction in the second separator to provide a second fine fraction and a second coarse

fraction;
e) storing the second fine fraction in a storage means;

f) grinding the second coarse fraction in the second mill to provide a second ground

material; and
g) separating the second ground material in the second separator.
A process for production of a hydraulic binder comprising:

(i) grinding at least two materials with a grinding process according to any one of

claims 1 to 8; and

(i) mixing the materials obtained in step (i) with other ground or not ground

materials.

The process according to claim 9, wherein the grinding operation in step (i) is an operation

during which the materials are ground separately.

A grinding unit for carrying out a grinding process of a raw material, said grinding unit

comprising:

a first shop comprising a first mill and a first separator, an outlet from the first mill being
connected to an inlet of the first separator; and

a second shop comprising a second separator and a second mill, an outlet from the

second separator being connected to an inlet of the second mill;

the second separator being fed by the material coming from the first separator, wherein
the first separator is configured to operate at a tangential speed of 15 to 25 m/s and a
radial speed of 3.5 to 5 m/s and the second separator is configured to operate at a

tangential speed of 20 to 50 m/s and a radial speed of 2.5 to 4 m/s.

It cA 2859455 2019-04-03
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The grinding unit according to claim 11, wherein the second mill is a ball mill comprising
an enclosure of cylindrical shape having a length L, a diameter D and a L/D ratio less than

or equal to 2.5, L and D being expressed in the same unit of measurement.

The grinding unit according to claim 11, wherein the second shop comprises a
compressive mill as second mill, and said second separator, an outlet of the separator

being connected to an inlet of the compressive mill, the separator being fed with gas by:

a first inlet of gas located at the [evel of the compressive mill, the gas coming from the first

inlet of gas first passing through the mill then through the separator; and

a second inlet of gas located at the level of the separator, the gas coming from the second
inlet of gas only passing through the separator and mixing with the gas from the first inlet
of gas after its passage through the compressive mill.

A cement plant comprising a grinding unit according to claim 11, connected to an inlet of a

cement plant kiln.

The use of a grinding unit according to any one of claims 11 to 13 to obtain a final ground

material having a Rosin Rammler slope greater than or equal to 1.2.

CA 2859455 2019-04-03
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