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(54) Automatic system for setting the density and viscosity in products obtained by continuous

grinding

(57) It consists of continuously measuring the mois-
ture from the mixture of solid raw materials entering the
continuous mill, wherewith the required amount of supply
water may be calculated. If suspended materials are sup-
plied, the solid content measurement in the suspension
is needed. Therefore, maintaining the viscosity of the final

barbotine in steady values is expected.

The density and viscosity will also be measured in
the barbotine resulting from the grinding, by using a con-
tinuous system, not in-line, i.e. performing a sampling of
the barbotine for maintaining a continuous measure-
ment.
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Description
OBJECT OF THE INVENTION

[0001] The present invention, as this specification
states inits title, relates to an automatic system for setting
the density and viscosity in products obtained by contin-
uous grinding, being especially applied in the field of the
ceramics sector but also in any sector wherein the con-
tinuous wet grinding is used.

[0002] The solution being set forth has an immediate
application in continuous grinding because it improves
the quality and control of the supplying process. This will
allow eliminating the reworks for correcting the charac-
teristics of the barbotine once in the pool, as long as
deviation allows this, such as for example a high density
that can be corrected by adding water. On the other hand
deviations difficult to be corrected may exist, as would
be the case opposite to the previous one wherein the
density was below the set point in which case the only
way for recovering is by adding it to barbotine pools with
a density higher than that of the work.

[0003] It can also be used for atomizing that barbotine
outside the working parameters, but of course inthatcase
the next step of the process which is the atomization will
be affected, being affected both in terms of productivity
and quality, low barbotine density leads to fewer tons/
hour of atomizer production, and when it comes to quality
the particle size of the atomized material will not be within
the correct parameters, for example.

BACKGROUND OF THE INEVENTION

[0004] Currently there is not known any operating sys-
tem that automatically performs this setting on the density
and viscosity, or even continuously measuring the vari-
ables. Currently, measurements of the barbotine result-
ing from grinding are carried out periodically and manu-
ally by the operator, which means that there will be dif-
ferences in the results obtained from different operators.
[0005] With the result obtained by the operator, the
decision on changing the setting in case the character-
istics of the barbotine resulting from the grinding had
changed, or otherwise, waiting awhile for repeating again
the measurements and confirming that a change in the
characteristics of the barbotine really exists for then mak-
ing a correction, should be taken. All of this bearing in
mind that the conditions at the mill inlet which produced
that result were those presented about two hours ago,
and which may have varied with respect to this time. This
gets complicated when there is more than a supply to
the mill, as in the case of supplying suspended materials,
due to the difficulty of knowing which of the supplies have
changed its conditions.

[0006] Anyway there is known what is situation is at
that moment, but what is not known is since when con-
ditions have changed, in other words, when the change
occurred. Depending on the time when the change oc-
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curred, the amount of barbotine produced outside the
control parameters will vary, wherewith it will have a
greaterorlesserinfluence in the process, also depending
on the intermediate barbotine storage existing for the ho-
mogenization. Furthermore, by unknowing the exacttime
in which the change occurred the causes leading to it are
difficult to be ascertained.

DESCRIPTION OF THE INVENTION

[0007] In general terms, the automatic system for set-
ting the density and viscosity in products obtained by
continuous grinding, object of the present invention, in-
volves a solution based on continuously measuring the
moisture from the mixture of solid raw materials entering
the continuous mill, wherewith the required amount of
water to be supplied could be set, so that water has to
be also measured. In case of supplying suspended ma-
terials such as can be recycle sludge or any diluted raw
material, it will be required to measure the solids content
in that suspension, by being another source for possible
variations in the amount of water supplied to the mill.
Therefore, maintaining both the viscosity and density of
the final barbotine in steady values is expected.

[0008] Subsequently the density and viscosity in the
barbotine resulting from the grinding will be measured
by using an off-line system, i.e. equipment that enables
carrying out a sampling of the barbotine in order to main-
tain a continuous measurement, while minimizing the
wears caused by the abrasive action of the barbotine and
facilitating the controlled cleaning of sensors.

[0009] In order to carry out these measurements the
technologies to be used are:

- To measure the moisture from raw materials, micro-
wave technology will be used, by being independent
of the colour, density and particle size of the mixture
to be measured.

- Tomeasure the water flow rate, an electromagnetic
flowmeter will be used.

- Tomeasure the density, the technology for measur-
ing the oscillation period of a mechanical oscillator
through which the barbotine sample circulates is
used. The oscillation period depends on the density
of the sample within the mechanical oscillator, and
on the mechanical properties of the oscillator.

- Forthe viscosity a vibrating sensor providing a signal
proportional to the viscosity is used.

[0010] With these measures the expected results to
be obtained are:

*  Moisture measurement of raw materials with an ac-
curacy of 0.1 %.

* Density measurement with an accuracy of 0.01
g/cms.

»  Static viscosity measurement comparable to that
measured in Ford cup No. 4.



3 EP 2 465 611 A1 4

* Density stabilization set pointed in + 0.01 g/cm3.
e Viscosity stabilization set pointed in Ford cup No. 4
+ 2 seconds.

[0011] In order to facilitate the understanding of the
characteristics of the invention and being an integral part
of this specification, a sheet of drawings is attached, in
sole figure of which, with an illustrative and not limitative
manner, the following has been represented:

BRIEF DESCRIPTION OF THE FIGURES

[0012] Figure 1. - It is a scheme for carrying out the
installation of an automatic system for setting the density
and viscosity in products obtained by continuous grind-
ing, according to the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0013] Referring to the numbering adopted in the fig-
ure, it can see how the automatic system for setting the
density and viscosity in products obtained by continuous
grinding, proposed by the invention, uses the following
components:

¢ Measuring equipment:

- Sensor 1 for measuring the moisture from the
mixture of raw materials.

- Electromagnetic flowmeter 2 for measuring the
supply water flow rate.

- Densimeter 3 for measuring the density from the
barbotine and suspended supply if any.

- Viscometer 4 for measuring the barbotine vis-
cosity.

e Equipment for controlling the information manage-
ment and storage processes:

- Programmable automaton 5 with different func-
tions:

e Capturing moisture data.

e Control loop for the setting.

* Managing the barbotine sampling.

* Managing controlled cleaning system.

- Industrial computer 6.

e Equipment for sampling and circulating the barbo-
tine:

- Peristaltic pump head 7 with adapted engine
mechanization.
- System for cleaning the sensors and circuit.

« Sleeve valves 8 for avoiding clogging and
wearing, automatically actuated ball valves
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may also be mounted.

» Pneumatic solenoid valve 9 for actuating
the valves 8.

» Flowmeter 10 for controlling the cleaning
water.

« Cleaning water pressure regulator 11.

*  Small electrical material required for operating of the
previous elements.

* Allof the above mounted on a PVC or stainless steel
circuit inside a cabinet with wheels, so that the pro-
totype can be autonomous and transportable.

[0014] The first objective is to maintain the density and
viscosity in steady values, for which the setting would be
needed when raw materials enter the continuous mill.
This is important because the residence time of the bar-
botine inside the mill is very high. So that, if the setting
were made based on the reading of the barbotine density,
there is a risk that the conditions of raw materials that
caused that density found at the outlet be the same con-
ditions entering at this time in the continuous mill. This
shift in time can cause an instability even greater than
that which may exist through normal supply of raw ma-
terials, water, and deflocculant.

[0015] In order to achieve this stability, the commer-
cially available sensors for achieving a sufficiently pre-
cise measurement of the amount of water of raw mate-
rials both solid and diluted at the continuous mill inlet
have been adapted.

[0016] Furthermore, at the continuous mill inlet other
important data such as the weight or flow rate of raw
materials supplied to the mill has been provided. This
data is obtained through a dosing belt 12 provided with
weighing cells, in case of raw materials supplied in solids,
and a mass flowmeter for supplied diluted raw materials.
[0017] At this point the information required for calcu-
lating the amount of water needed to be supplied is pro-
vided. The water will be set by using the system available
when installing the mill (automated control valve, peri-
staltic pump ...) and it will be measured using a flow meter
providing the required accuracy. Through this setting of
the water supply, an steady density is expected to be
maintained, since the proportion of different raw materi-
als is assumed constant, and fluctuations that may occur
in the flow rate of raw materials entering the mill can be
balanced with the setting of water flow rate, by having
these under control using the extracting/dosing belt 12.
The scheme also indicates the cleaning water inlet 13
and the air inlet and outlet 14.

[0018] Asforthe viscosity, if the factors that can modify
thereof are reviewed, it is basically found:

e Properties and percentage of components in the for-
mula.

* Properties and amount of deflocculant being dosed
at the mill inlet.

e Amount of water supplied by raw materials.
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¢ Amount and quality of water added to the grinding.

[0019] From all these influences some are measured,
and therefore they should remain constant such as the
formula composition, quality of water supply and defloc-
culant, constancy of the properties raw materials. There-
fore, it is known that the amount of water supplied by raw
materials can vary, and moreover it is not measured to-
day. That is, if water supply is properly set the viscosity
will also be maintained steady.

[0020] In spite of everything discussed above, a meas-
urement of the density and viscosity after grinding will
also be required, for which commercially available sen-
sors for achieving a sufficiently accurate measurement
have been adapted. This will involve a quality control of
the process, but that control will also be necessary so as
that steady density and viscosity values be close to the
set point values to be followed by the process.

[0021] It is a huge assumption that all variables that
had been supposed to be constant really are over time;
as for example, the accuracy of the deflocculant supply
orevenits behaviour with respect to plastic raw materials,
there is also the possibility of reading deviation of the
moisture from raw materials, including the load cell of the
weighing belt.

[0022] By using this system density and viscosity de-
viations are detected, by recording these deviations in
the readings and also the changes in the settings, the
operator can find what problem is causing the deviation,
since, the system corrects the effect of these problems
on the density or viscosity, but does not correct the prob-
lem itself. While finding out which of the working condi-
tions has been deviated, it is ensured that the density
and viscosity will be within the control parameters, since
by having several possibilities the solution to the problem
may not be immediate. Of course, when the deviation is
corrected, the system must be able to detect the new
change and redirecting the process, usually with a cor-
rection in the direction opposed to the previous one.

Claims

1. AUTOMATIC SYSTEM FOR SETTING THE DEN-
SITY AND VISCOSITY IN PRODUCTS OBTAINED
BY CONTINUOUS GRINDING, especially applica-
ble to the technical field of the ceramics industry, and
generally to any field wherein continuous wet grind-
ing is used, wherein said density and viscosity are
intended to be known, and wherein a continuous mill
is provided with at least one raw materials and water
supply inlet and at least one obtained product outlet,
so-called barbotine after grinding; characterized in
that it includes:

- means for continuously measuring the mois-
ture (1) from the mixture of solid raw materials
entering the continuous mill;
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- means for measuring the amount of water (2)
required to be supplied;

- means for measuring the density and viscosity
(3, 4) from the resultant barbotine at the referred
mill outlet;

- an equipment for controlling the information
managing and storage processes (5, 6);

- an equipment for sampling and circulating the
barbotine (7 to 11, 13, 14);

- an equipment for measuring weight and flow
rate of raw materials supplied (12) to the mill.

AUTOMATIC SYSTEM FOR SETTING THE DEN-
SITY AND VISCOSITY IN PRODUCTS OBTAINED
BY CONTINUOUS GRINDING, according to claim
1, characterized in that in addition to the aforemen-
tioned means and equipments it comprises means
for measuring the solid content in raw materials en-
tering the mill for the cases in which suspended ma-
terials are supplied to these raw materials entering
the mill.

AUTOMATIC SYSTEM FOR SETTING THE DEN-
SITY AND VISCOSITY IN PRODUCTS OBTAINED
BY CONTINUOUS GRINDING, according to claim
1 or 2, characterized in that said measuring means
and equipments are mounted on a PVC or stainless
steel circuit inside a cabinet with wheels facilitating
the autonomy and transportability of the system.

AUTOMATIC SYSTEM FOR SETTING THE DEN-
SITY AND VISCOSITY IN PRODUCTS OBTAINED
BY CONTINUOUS GRINDING, according to any
one of the preceding claims, characterized in that
the means for continuously measuring the moisture
from the mixture of solid raw materials entering the
mill consists of a humidity sensor (1) using micro-
wave technology facilitating the measurements in-
dependently of the colour, density and particle size
of the mixture.

AUTOMATIC SYSTEM FOR SETTING THE DEN-
SITY AND VISCOSITY IN PRODUCTS OBTAINED
BY CONTINUOUS GRINDING, according to any
one of the preceding claims, characterized in that
the means for measuring the amount of water supply
consist of an electromagnetic flowmeter (2).

AUTOMATIC SYSTEM FOR SETTING THE DEN-
SITY AND VISCOSITY IN PRODUCTS OBTAINED
BY CONTINUOUS GRINDING, according to any
one of the preceding claims, characterized in that
the means for measuring the barbotine density and
viscosity consist of a densimeter (3) using technol-
ogy for measuring the oscillation period of a mechan-
ical oscillator, and a viscosimeter (4) using a vibrat-
ing sensor providing a signal proportional to the vis-
cosity.
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AUTOMATIC SYSTEM FOR SETTING THE DEN-
SITY AND VISCOSITY IN PRODUCTS OBTAINED
BY CONTINUOUS GRINDING, according to any
one of the preceding claims, characterized in that
equipment for controlling the information managing &
and storage processes comprises an industrial com-
puter (6) and a programmable automaton (5), which
includes functions for capturing moisture data, con-
trol loop for the setting, managing the barbotine sam-
pling, and managing controlled cleaning system. 10

AUTOMATIC SYSTEM FOR SETTING THE DEN-
SITY AND VISCOSITY IN PRODUCTS OBTAINED
BY CONTINUOUS GRINDING, according to any
one of the preceding claims, characterized in that 75
the equipment for sampling and circulating the bar-
botine has a peristaltic pump head (7) with adapted
engine mechanization and a system for cleaning the
sensors and circuit, wherein it is included:
20
- sleeve valves (8) for avoiding clogging and
wearing, or automatically actuated ball valves;
- pneumatic solenoid valves (9) for actuating the
mentioned valves (8) with air inlet and outlet
(14); 25
- flowmeter (10) for controlling the cleaning wa-
ter,;
- cleaning water pressure regulator (11) with
cleaning water inlet (13).
30
AUTOMATIC SYSTEM FOR SETTING THE DEN-
SITY AND VISCOSITY IN PRODUCTS OBTAINED
BY CONTINUOUS GRINDING, according to any
one of the preceding claims, characterized in that
equipment for measuring the weight and flow rate of 356
raw materials supplied to the mill comprises a dosing
belt (12) provided with weighing cells, for materials
supplied in solids, and a mass flowmeter for supplied

diluted raw materials.
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