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A METHOD AND AN ARRANGEMENT FOR MONITORING OF A METALLURGI-
CAL FROTH FLOTATION PROCESS IN A METALLURGICAL FLOTATION CELL

FIELD OF THE INVENTION

The present invention relates to the field of mineral engineering and
metallurgy and metallurgical technologies in general and to extraction of metal
compounds from ores or concentrates by metallurgical processes, and more
particularly to a method and an arrangement for monitoring of a metallurgical
froth flotation process in a metallurgical flotation cell.

BACKGROUND OF THE INVENTION

Metallurgical flotation, such as e.g. metallurgical froth flotation is a
method of performing a separation of valuable minerals from gangue or ore by
taking advantage of differences in their hydrophobicity. According to known
methods of controlling and operating a flotation cell in a metallurgical froth flo-
tation process, there can be an operator observing the flotation cell and manu-
ally or otherwise adjusting the different inputs to the flotation cell. This can be
for example adding additional chemicals and/or changing the gas flow rate into
the cell, according to his or her observations. Typically the mentioned adjust-
ments are empirical, based particularly on observation of the froth surface and
its behavior. It is also known from prior art that instead of human visual obser-
vation an optical image analysis system based on a video camera can be used
to measure froth characteristics on the surface of the flotation froth layer. How-
ever, such methods of adjustment are often very imprecise. Furthermore,
changes in certain visual aspects of flotation froth do not correspond neces-
sarily to variation in quality or performance of the froth flotation process.

In general, there are several problems with the prior art solutions for
monitoring of a metallurgical froth flotation process in a metallurgical flotation
cell. So far, the measuring solutions are relatively troublesome and difficult to
process. Also the measurement reliability with the prior art measuring solutions
has not been adequate enough.

The problem therefore is to find a solution for an adequate measur-
ing arrangement in a metallurgical froth flotation process which can provide
continuously reliable measurement data for monitoring the metallurgical froth
flotation process in a metallurgical flotation cell.

There is a demand in the market for a method for monitoring the
metallurgical froth flotation process in a metallurgical flotation cell which meth-
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od would be continuous, reliable and informative measurement when com-
pared to the prior art solutions. Likewise, there is a demand in the market for
an arrangement for monitoring the metallurgical froth flotation process in a
metallurgical flotation cell which arrangement would be reliable and informative
measurement when compared to the prior art solutions.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is thus to provide a method and
an apparatus for implementing the method so as to overcome the above prob-
lems and to alleviate the above disadvantages.

The objects of the invention are achieved by a method for monitor-
ing of a metallurgical froth flotation process in a metallurgical flotation cell,
which method comprises the steps of:

- transmitting X-ray radiation into said metallurgical flotation cell by
at least one X-ray tube;

- detecting X-ray radiation travelled inside said metallurgical flotation
cell by at least one X-ray sensor unit; and

- providing a two- or three-dimensional image related to the attenua-
tion of X-rays by the process slurry and/or metallurgical flotation froth inside
said metallurgical flotation cell based on the detected X-ray radiation data;

wherein at least one of said at least one X-ray tube and said at least
one X-ray sensor unit is arranged inside said metallurgical flotation cell.

Preferably, the method comprises the step of:

- controlling said metallurgical froth flotation process based on the
detected X-ray radiation data.

Preferably, the method comprises the step of:

-feeding a gas stream to the bottom part of the metallurgical flotation
cell.

Further preferably, said gas stream is an air stream, a nitrogen
stream, an oxygen enriched air stream or a depleted air stream.

Furthermore, the objects of the invention are achieved by an ar-
rangement for monitoring of a metallurgical froth flotation process in a metal-
lurgical flotation cell, which said arrangement comprises:

- at least one X-ray tube, said at least one X-ray tube being ar-
ranged to transmit X-ray radiation into said metallurgical flotation cell, and
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- at least one X-ray sensor unit arranged to detect X-ray radiation
travelling inside said metallurgical flotation cell; and

- a sensor data processing unit, which said sensor data processing
unit provides a two- or three-dimensional image related to the attenuation of X-
rays by the process slurry and metallurgical flotation froth inside said metallur-
gical flotation cell based on the detected X-ray radiation data;

wherein at least one of said at least one X-ray tube or at least one
X-ray sensor unit is arranged inside said metallurgical flotation cell.

Preferably, said arrangement comprises a sensor data processing
unit, which said sensor data processing unit controls said metallurgical froth
flotation process based on the detected X-ray radiation data.

Preferably, phase boundaries, solids densities and/or bubble sizes
in the process slurry and metallurgical flotation froth inside said metallurgical
flotation cell is/are calculated based on the detected X-ray radiation data. Pref-
erably, the water content and/or solids content of the process slurry and metal-
lurgical flotation froth at different heights in said metallurgical flotation cell
is/are calculated based on the detected X-ray radiation data

Preferably, the X-rays from said at least one X-ray tube are colli-
mated into a narrow beam in at least one dimension when propagating inside
said metallurgical flotation cell. Further preferably, said at least one X-ray
tubeis arranged to move or turn in order to transmit X-ray radiation in multiple
directions. Preferably, said at least one X-ray sensor unit is arranged to move
or turn.

Preferably, at least one of said at least one X-ray tube and said at
least one X-ray sensor unit is attached at a frame structure of said metallurgi-
cal flotation cell. Further preferably, at least one of said at least one X-ray tube
and said at least one X-ray sensor unit is attached outside said frame structure
of said metallurgical flotation cell and that said frame structure is manufactured
of material, which does not absorb the X-rays and allows at least 1 %, prefera-
bly at least 5 %, more preferably at least 30 %, of the X-ray radiation to travel
through said frame structure of said metallurgical flotation cell. Alternatively, at
least one of said at least one X-ray tube and said at least one X-ray sensor unit
is attached outside said frame structure of said metallurgical flotation cell and
that the frame structure of said metallurgical flotation cell comprises one or
more window portions, which said one or more window portions are manufac-
tured of material, which does not absorb the X-rays and allows at least 1 %,
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preferably at least 5 %, more preferably at least 30 %, of the X-ray radiation to
travel through the frame structure of said metallurgical flotation cell.

Preferably, said at least one X-ray tube and said at least one X-ray
sensor unit are realized as at least one X-ray measurement unit. Alternatively,
said at least one X-ray tube and said at least one X-ray sensor unit are real-
ized as at least one movable X-ray measurement unit.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a cross-sectional view of one embodiment of a met-
allurgical flotation cell according to the present invention;

Figure 2 shows a cross-sectional view of another embodiment of a
metallurgical flotation cell according to the present invention;

Figure 3 shows a cross-sectional view of a third embodiment of a
metallurgical flotation cell according to the present invention; and

Figure 4 shows a cross-sectional view of a fourth embodiment of a
metallurgical flotation cell according to the present invention.

The prior art drawings of Figure 1 has been presented earlier. In the
following, the invention will be described in greater detail by means of pre-
ferred embodiments with reference to the accompanying drawings of Figures 1
to 4.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a method and an arrangement for
monitoring of a metallurgical froth flotation process in a metallurgical flotation
cell.

Metallurgical froth flotation is a method of performing a separation of
valuable minerals from gangue by taking advantage of differences in their hy-
drophobicity. Mineral particles, ground to suitable fineness and flowing in
aqueous slurry, are conditioned using chemicals that enhance the hydrophobi-
city differences between valuable minerals and waste gangue. The conditioned
slurry is led to a metallurgical flotation cell where air is dispersed into the slurry
as small bubbles. The hydrophobic particles selectively adhere to the bubbles
and are carried to the surface and removed as a froth overflow from the flota-
tion machine, while the particles that remain wetted stay in the slurry phase.
Metallurgical froth flotation can be adapted to a broad range of mineral separa-
tions, as it is possible to use various chemical treatments to alter mineral sur-
faces so that they have the necessary properties for the separation.
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Figure 1 shows a cross-sectional view of one embodiment of a met-
allurgical flotation cell according to the present invention. A metallurgical flota-
tion cell 4 according to the present embodiment is a large container having a
diameter ranging from 1 meter to 10 meters. In a froth flotation process accord-
ing to the present embodiment process slurry 5 containing e.g. crushed and
ground ore is fed to said metallurgical flotation cell 4. In the metallurgical flota-
tion cell 4 according to the present embodiment there is a gas feed 6 for feed-
ing gas, e.g. air or nitrogen to the slurry 5 from the bottom part of said metal-
lurgical flotation cell 4. Said gas feed 6, e.g. air feed 6 can be arranged
through a rotating impeller and a stationary stator arranged in the bottom part
of said metallurgical flotation cell 4. In said gas feed 6 the shearing forces be-
tween said rotating impeller and said stationary stator break the gas feed 6 into
small bubbles of dispersed gas stream 7, e.g. dispersed air stream 7.

As said small bubbles of dispersed gas stream 7, e.g. dispersed air
stream 7 travels upwards in the process slurry 5 the particles in the process
slurry 5 that have a hydrophobic surface will stick to the gas bubbles and rise
to the surface. Respectively the particles in the process slurry 5 that have a
hydrophilic surface will not stick to the gas bubbles and will remain in the slur-
ry.

Said small bubbles of dispersed gas carrying said particles having
hydrophobic surfaces rise on top of the process slurry 5 and form a froth layer
8 on the top part of said metallurgical flotation cell 4. Said froth layer 8 extends
from a pulp-froth interface to a bursting surface, which is typically above an
overflow lip of said metallurgical flotation cell 4. A term “froth depth” can be
defined as the distance between said pulp-froth interface and said overflow lip.
Respectively a term “froth height” can be defined as the distance from said
overflow lip to said bursting surface.

The froth in said froth layer 8 can be arranged to overflow over said
overflow lip and through a froth collecting outlet 9 of said metallurgical flotation
cell 4. There can be both hydrophobic and hydrophilic particles present in said
collected froth. Typically, in mineral froth flotation, it is the hydrophobic parti-
cles which are the desired product, and are intended to be recovered from said
collected froth.

The remaining underflow of the process slurry 5 in said metallurgical
flotation cell 4 is commonly referred to as the tailings of the froth flotation pro-
cess. Itis known that several controllable parameters can contribute to the per-
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formance quality of a froth flotation process. These controllable parameters
include the tailings flow rate from the flotation cell 4, pH of the froth flotation
process slurry 5, the concentration of various chemicals added to the flotation
cell 4, solids concentration in the froth flotation process slurry 5 and gas flow
rate into the flotation cell 4. However, the presence of this many controllable
parameters make quantitative control of froth flotation processes difficult.

One of the most important parameters affecting the performance of
the froth flotation process is the depth of the froth layer 8. Also the consistence
of the froth layer 8, in particular the amount of hydrophobic and hydrophilic par-
ticles present in said froth layer 8 affects the performance of the froth flotation
process.

In the arrangement for monitoring a metallurgical froth flotation pro-
cess in a metallurgical flotation cell according to the present embodiment said
metallurgical flotation cell 4 comprises process slurry 5 mixed with an air
stream 7 or with a gas stream 7. Furthermore, the arrangement for monitoring
of a metallurgical froth flotation process in a metallurgical flotation cell 4 com-
prises at least one X-ray tube 10. In the present embodiment said at least one
X-ray tube 10 is arranged inside said metallurgical flotation cell 4. Said at least
one X-ray tube 10 is arranged to transmit X-ray radiation into said metallurgical
flotation cell 4. Said X-ray tube 10 is an X-ray tube suitable for X-ray imaging.
Said X-ray tube 10 may have a point focus and may be equipped with a colli-
mator that limits the X-ray beam to a desired direction and minimizes radiation
to other directions.

The arrangement for monitoring of a metallurgical froth flotation pro-
cess in a metallurgical flotation cell according to the present embodiment com-
prises at least one X-ray sensor unit 11, said at least one X-ray sensor unit 11
opposing said at least one X-ray tube 10. In the present embodiment said at
least one X-ray sensor unit 11 is attached at a frame structure of said metallur-
gical flotation cell 4. Said at least one X-ray sensor unit 11 is arranged to de-
tect X-ray radiation travelling inside said metallurgical flotation cell 4. Said X-
ray sensor unit 11 is an X-ray sensor unit suitable for X-ray imaging. Said X-
ray sensor unit 11 may comprise at least two, preferably more than 31, more
preferably more than 127, detectors that measure the intensity of X-ray radia-
tion.

In the arrangement for monitoring a metallurgical froth flotation pro-
cess in a metallurgical flotation cell according to the present embodiment said
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at least one X-ray sensor unit 11 is attached to said frame structure so that
said at least one X-ray sensor unit 11 is outside said metallurgical flotation cell
4. The frame structure of said metallurgical flotation cell 4 may be manufac-
tured of material, which does not absorb the X-rays and allows at least 1 %,
preferably at least 5 %, more preferably at least 30 %, of the X-ray radiation to
travel through the frame structure of said metallurgical flotation cell 4. Alterna-
tively, the frame structure of said metallurgical flotation cell 4 may comprise
one or more window portions, which said one or more window portions are
manufactured of material, which does not absorb the X-rays and allows at least
1 %, preferably at least 5 %, more preferably at least 30 %, of the X-ray radia-
tion to travel through the frame structure of said metallurgical flotation cell 4.
Said one or more window portions may be manufactured of polymeric material,
glass, aluminium, ceramics or composite.

In an alternative embodiment of an arrangement for monitoring a
metallurgical froth flotation process in a metallurgical flotation cell said at least
one X-ray sensor unit 11 is arranged inside said metallurgical flotation cell 4
and said at least one X-ray tube 10 is attached at a frame structure of said
metallurgical flotation cell 4.

In the arrangement for monitoring a metallurgical froth flotation pro-
cess in a metallurgical flotation cell according to the present embodiment the
X-rays from said at least one X-ray tube 10 may be collimated into a narrow
beam in at least one dimension when propagating inside said metallurgical
flotation cell 4 thus minimizing the amount of radiation to other directions than
the detector. Furthermore, said at least one X-ray tube10 may be arranged to
move or turn in order to transmit X-ray radiation in multiple directions.

In the embodiment presented in Figure 1 at least one X-ray sensor
unit 11 of said metallurgical flotation cell 4 detects X-ray radiation transmitted
by said opposing at least one X-ray tube 10, said X-ray radiation travelling in-
side said metallurgical flotation cell 4.

From the detected X-ray radiation data a sensor data processing
unit can provide a two-dimensional image related to the attenuation of X-rays
by the metallurgical slurry inside said metallurgical flotation cell 4. Furthermore,
said at least one X-ray sensor unit 11 may be arranged to move or turn in or-
der to sense and provide a two- or three-dimensional image based on the de-
tected X-ray radiation data.
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Said image provided by said at least one X-ray sensor unit 11 gives
information for the calculation, monitoring and controlling of process, e.g. tail-
ings flow rate from the flotation cell 4, pH of the froth flotation process slurry 5,
the concentration of various chemicals added to the flotation cell 4, solids con-
centration in the froth flotation process slurry 5 and gas flow rate into the flota-
tion cell 4. Furthermore, said image provided by said at least one X-ray sensor
unit 11 gives information for the calculation for measurement of the phase
boundaries, particle densities and/or particle sizes in the process slurry 5 and
metallurgical flotation froth 8 inside said metallurgical flotation cell 4.

Furthermore, the water content and/or solids content of the process
slurry 5 and metallurgical flotation froth at different heights in said metallurgical
flotation cell 4 may be calculated based on the information provided by said at
least one X-ray sensor unit 11. Determining the water content and/or solids
content of the process slurry 5 online with the help of said image provided by
said at least one X-ray sensor unit 11 gives an opportunity to follow the pro-
cess behaviour, to detect abnormal situations and to make corrective actions in
time. Online measurement will also give a long time average measurement
result instead of an instantaneous indication.

In order to monitor and control the process, e.g. tailings flow rate
from the flotation cell 4, pH of the froth flotation process slurry 5, the concen-
tration of various chemicals added to the flotation cell 4, solids concentration in
the froth flotation process slurry 5 and gas flow rate into the flotation cell 4, itis
useful to measure the phase boundary between the process slurry 5 and the
metallurgical flotation froth 8. The diameter of the metallurgical flotation cell 4
may range from 2 meters to 100 meters, typically from 5 meters to 40 meters.
The bed height of the metallurgical flotation cell 4 may range from 2 meters to
10 meters, typically from 3 meters to 5 meters.

Figure 2 shows a cross-sectional view of another embodiment of a
metallurgical flotation cell according to the present invention. A metallurgical
flotation cell 4 according to the present another embodiment is a large contain-
er having a diameter ranging from 2 meters to 100 meters. In a froth flotation
process according to the present another embodiment process slurry 5 con-
taining e.g. crushed and ground ore is fed to said metallurgical flotation cell 4.
There is a gas feed 6 for feeding gas, e.g. air or nitrogen to the slurry 5 from
the bottom part of said metallurgical flotation cell 4 arranged through a rotating
impeller and a stationary stator arranged in the bottom part of said metallurgi-
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cal flotation cell 4. In said gas feed 6 the shearing forces between said rotating
impeller and said stationary stator break the gas feed 6 into small bubbles of
dispersed gas stream 7, e.g. dispersed air stream 7. As said small bubbles of
dispersed gas stream 7, e.g. dispersed air stream 7 travels upwards in the
process slurry 5 the particles in the process slurry 5 that have a hydrophobic
surface will stick to the gas bubbles and rise to the surface and the particles in
the process slurry 5 that have a hydrophilic surface will not stick to the gas
bubbles and will remain in the slurry.

Said small bubbles of dispersed gas carrying said particles having
hydrophobic surfaces rise on top of the process slurry 5 and form a froth layer
8 on the top part of said metallurgical flotation cell 4. Said froth layer 8 extends
from a pulp-froth interface to a bursting surface, which is typically above an
overflow lip of said metallurgical flotation cell 4. The froth in said froth layer 8
can be arranged to overflow over said overflow lip and through a froth collect-
ing outlet 9 of said metallurgical flotation cell 4.

The arrangement for monitoring of a metallurgical froth flotation pro-
cess in a metallurgical flotation cell 4 comprises at least one X-ray tube 12. In
the present another embodiment said at least one X-ray tube 12 is arranged
inside said metallurgical flotation cell 4. Said at least one X-ray tube 12 is ar-
ranged to transmit X-ray radiation into said metallurgical flotation cell 4. Said X-
ray tube 12 is an X-ray tube suitable for X-ray imaging. Said X-ray tube 12 may
have a point focus and may be equipped with a collimator that limits the X-ray
beam to a desired direction.

The arrangement for monitoring of a metallurgical froth flotation pro-
cess in a metallurgical flotation cell according to the present another embodi-
ment comprises at least one X-ray sensor unit 13, said at least one X-ray sen-
sor unit 13 opposing said at least one X-ray tube 12. In the present another
embodiment said at least one X-ray sensor unit 13 is attached at a frame struc-
ture of said metallurgical flotation cell 4. Said at least one X-ray sensor unit 13
is arranged to detect X-ray radiation travelling inside said metallurgical flotation
cell 4. Said X-ray sensor unit 13 is an X-ray sensor unit suitable for X-ray imag-
ing. Said X-ray sensor unit 13 may comprise at least two, preferably more than
31, more preferably more than 127, detectors that measure the intensity of X-
ray radiation.

In the arrangement for monitoring a metallurgical froth flotation pro-
cess in a metallurgical flotation cell according to the present another embodi-
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ment said at least one X-ray sensor unit 13 is attached to said frame structure
so that said at least one X-ray sensor unit 13 is outside said metallurgical flota-
tion cell 4. In an alternative embodiment of an arrangement for monitoring a
metallurgical froth flotation process in a metallurgical flotation cell said at least
one X-ray sensor unit 13 is arranged inside said metallurgical flotation cell 4
and said at least one X-ray tube 12 is attached at a frame structure of said
metallurgical flotation cell 4.

In the arrangement for monitoring a metallurgical froth flotation pro-
cess in a metallurgical flotation cell according to the present another embodi-
ment the X-rays from said at least one X-ray tube 12 may be collimated into a
narrow beam in at least one dimension when propagating inside said metallur-
gical flotation cell 4 thus minimizing the amount of radiation other directions
than the detector. Furthermore, said at least one X-ray tube12 may be ar-
ranged to move or turn in order to transmit X-ray radiation in multiple direc-
tions.

In the another embodiment presented in Figure 2 at least one X-ray
sensor unit 13 of said metallurgical flotation cell 4 detects an X-ray radiation
transmitted by said opposing at least one X-ray tube 12, said X-ray radiation
travelling inside said metallurgical flotation cell 4. From the detected X-ray ra-
diation data a sensor data processing unit can provide a two-dimensional im-
age related to the attenuation of X-rays by the metallurgical slurry inside said
metallurgical flotation cell 4. Furthermore, said at least one X-ray sensor unit
13 may be arranged to move or turn in order to sense and provide a two- or
three-dimensional image based on the detected X-ray radiation data.

Said image provided by said at least one X-ray sensor unit 13 gives
information for the calculation, monitoring and controlling of process, e.g. tail-
ings flow rate from the flotation cell 4, pH of the froth flotation process slurry 5,
the concentration of various chemicals added to the flotation cell 4, solids con-
centration in the froth flotation process slurry 5 and gas flow rate into the flota-
tion cell 4. Furthermore, said image provided by said at least one X-ray sensor
unit 13 gives information for the calculation for measurement of the phase
boundaries, particle densities and/or particle sizes in the process slurry 5 and
metallurgical flotation froth 8 inside said metallurgical flotation cell 4.

Furthermore, the water content and/or solids content of the process
slurry 5 and metallurgical flotation froth at different heights in said metallurgical
flotation cell 4 may be calculated based on the information provided by said at
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least one X-ray sensor unit 13. Determining the water content and/or solids
content of the process slurry 5 online with the help of said image provided by
said at least one X-ray sensor unit 13 gives an opportunity to follow the pro-
cess behaviour, to detect abnormal situations and to make corrective actions in
time. Online measurement will also give a long time average measurement
result instead of an instantaneous indication.

In order to monitor and control the process, e.g. tailings flow rate
from the flotation cell 4, pH of the froth flotation process slurry 5, the concen-
tration of various chemicals added to the flotation cell 4, solids concentration in
the froth flotation process slurry 5 and gas flow rate into the flotation cell 4, itis
useful to measure the phase boundary between the process slurry 5 and the
metallurgical flotation froth 8. The diameter of the metallurgical flotation cell 4
may range from 2 meters to 100 meters, typically from 5 meters to 40 meters.
The bed height of the metallurgical flotation cell 4 may range from 2 meters to
10 meters, typically from 3 meters to 5 meters.

Figure 3 shows a cross-sectional view of a third embodiment of a
metallurgical flotation cell according to the present invention. A metallurgical
flotation cell 4 according to the present a third embodiment is a large container
having a diameter ranging from 2 meters to 100 meters. In a froth flotation pro-
cess according to the present a third embodiment process slurry 5 containing
e.g. crushed and ground ore is fed to said metallurgical flotation cell 4. There is
a gas feed 6 for feeding gas, e.g. air or nitrogen to the slurry 5 from the bottom
part of said metallurgical flotation cell 4 arranged through a rotating impeller
and a stationary stator arranged in the bottom part of said metallurgical flota-
tion cell 4. In said gas feed 6 the shearing forces between said rotating impel-
ler and said stationary stator break the gas feed 6 into small bubbles of dis-
persed gas stream 7, e.g. dispersed air stream 7. As said small bubbles of dis-
persed gas stream 7, e.g. dispersed air stream 7 travels upwards in the pro-
cess slurry 5 the particles in the process slurry 5 that have a hydrophobic sur-
face will stick to the gas bubbles and rise to the surface and the particles in the
process slurry 5 that have a hydrophilic surface will not stick to the gas bubbles
and will remain in the slurry.

Said small bubbles of dispersed gas carrying said particles having
hydrophobic surfaces rise on top of the process slurry 5 and form a froth layer
8 on the top part of said metallurgical flotation cell 4. Said froth layer 8 extends
from a pulp-froth interface to a bursting surface, which is typically above an
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overflow lip of said metallurgical flotation cell 4. The froth in said froth layer 8
can be arranged to overflow over said overflow lip and through a froth collect-
ing outlet 9 of said metallurgical flotation cell 4.

The arrangement for monitoring of a metallurgical froth flotation pro-
cess in a metallurgical flotation cell 4 comprises at least one X-ray tube 14. In
the present a third embodiment said at least one X-ray tube 14 is arranged
inside said metallurgical flotation cell 4. Said at least one X-ray tube 14 is ar-
ranged to transmit X-ray radiation into said metallurgical flotation cell 4. Said X-
ray tube 14 is an X-ray tube suitable for X-ray imaging. Said X-ray tube 14 may
have a point focus and may be equipped with a collimator that limits the X-ray
beam to a desired direction.

The arrangement for monitoring of a metallurgical froth flotation pro-
cess in a metallurgical flotation cell according to the present a third embodi-
ment comprises at least one X-ray sensor unit 15, said at least one X-ray sen-
sor unit 15 opposing said at least one X-ray tube 14. In the present a third em-
bodiment said at least one X-ray sensor unit 15 is also arranged inside said
metallurgical flotation cell 4. Said at least one X-ray sensor unit 15 is arranged
to detect X-ray radiation travelling inside said metallurgical flotation cell 4. Said
X-ray sensor unit 15 is an X-ray sensor unit suitable for X-ray imaging. Said X-
ray sensor unit 15 may comprise at least two, preferably more than 31, more
preferably more than 127, detectors that measure the intensity of X-ray radia-
tion.

In the arrangement for monitoring a metallurgical froth flotation pro-
cess in a metallurgical flotation cell according to the present a third embodi-
ment the X-rays from said at least one X-ray tube 14 may be collimated into a
narrow beam in at least one dimension when propagating inside said metallur-
gical flotation cell 4 thus minimizing the amount of radiation other directions
than the detector. Furthermore, said at least one X-ray tube14 may be ar-
ranged to move or turn in order to transmit X-ray radiation in multiple direc-
tions.

In the a third embodiment presented in Figure 3 at least one X-ray
sensor unit 15 of said metallurgical flotation cell 4 detects an X-ray radiation
transmitted by said opposing at least one X-ray tube 14, said X-ray radiation
travelling inside said metallurgical flotation cell 4. From the detected X-ray ra-
diation data a sensor data processing unit can provide a two-dimensional im-
age related to the attenuation of X-rays by the metallurgical slurry inside said
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metallurgical flotation cell 4 based on the detected X-ray radiation data. Fur-
thermore, said at least one X-ray sensor unit 15 may be arranged to move or
turn in order to sense and provide a two- or three-dimensional image. Said at
least one X-ray tube 10 and the at least one X-ray sensor unit 11 may be real-
ized as at least one X-ray measurement unit.

Said image provided by said at least one X-ray sensor unit 15 gives
information for the calculation, monitoring and controlling of process, e.g. tail-
ings flow rate from the flotation cell 4, pH of the froth flotation process slurry 5,
the concentration of various chemicals added to the flotation cell 4, solids con-
centration in the froth flotation process slurry 5 and gas flow rate into the flota-
tion cell 4. Furthermore, said image provided by said at least one X-ray sensor
unit 15 gives information for the calculation for measurement of the phase
boundaries, particle densities and/or particle sizes in the process slurry 5 and
metallurgical flotation froth 8 inside said metallurgical flotation cell 4.

Furthermore, the water content and/or solids content of the process
slurry 5 and metallurgical flotation froth at different heights in said metallurgical
flotation cell 4 may be calculated based on the information provided by said at
least one X-ray sensor unit 15. Determining the water content and/or solids
content of the process slurry 5 online with the help of said image provided by
said at least one X-ray sensor unit 15 gives an opportunity to follow the pro-
cess behaviour, to detect abnormal situations and to make corrective actions in
time. Online measurement will also give a long time average measurement
result instead of an instantaneous indication.

In order to monitor and control the process, e.g. tailings flow rate
from the flotation cell 4, pH of the froth flotation process slurry 5, the concen-
tration of various chemicals added to the flotation cell 4, solids concentration in
the froth flotation process slurry 5 and gas flow rate into the flotation cell 4, itis
useful to measure the phase boundary between the process slurry 5 and the
metallurgical flotation froth 8. The diameter of the metallurgical flotation cell 4
may range from 2 meters to 100 meters, typically from 5 meters to 40 meters.
The bed height of the metallurgical flotation cell 4 may range from 2 meters to
10 meters, typically from 3 meters to 5 meters.

Figure 4 shows a cross-sectional view of a fourth embodiment of a
metallurgical flotation cell according to the present invention. A metallurgical
flotation cell 4 according to the present a fourth embodiment is a large contain-
er having a diameter ranging from 2 meters to 100 meters. In a froth flotation
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process according to the present a fourth embodiment process slurry 5 con-
taining e.g. crushed and ground ore is fed to said metallurgical flotation cell 4.
There is a gas feed 6 for feeding gas, e.g. air or nitrogen to the slurry 5 from
the bottom part of said metallurgical flotation cell 4 arranged through a rotating
impeller and a stationary stator arranged in the bottom part of said metallurgi-
cal flotation cell 4. In said gas feed 6 the shearing forces between said rotating
impeller and said stationary stator break the gas feed 6 into small bubbles of
dispersed gas stream 7, e.g. dispersed air stream 7. As said small bubbles of
dispersed gas stream 7, e.g. dispersed air stream 7 travels upwards in the
process slurry 5 the particles in the process slurry 5 that have a hydrophobic
surface will stick to the gas bubbles and rise to the surface and the particles in
the process slurry 5 that have a hydrophilic surface will not stick to the gas
bubbles and will remain in the slurry.

Said small bubbles of dispersed gas carrying said particles having
hydrophobic surfaces rise on top of the process slurry 5 and form a froth layer
8 on the top part of said metallurgical flotation cell 4. Said froth layer 8 extends
from a pulp-froth interface to a bursting surface, which is typically above an
overflow lip of said metallurgical flotation cell 4. The froth in said froth layer 8
can be arranged to overflow over said overflow lip and through a froth collect-
ing outlet 9 of said metallurgical flotation cell 4.

The arrangement for monitoring of a metallurgical froth flotation pro-
cess in a metallurgical flotation cell 4 comprises at least one X-ray tube 16. In
the present a fourth embodiment said at least one X-ray tube 16 is arranged
inside said metallurgical flotation cell 4. Said at least one X-ray tube 16 is ar-
ranged to transmit X-ray radiation into said metallurgical flotation cell 4. Said X-
ray tube 16 is an X-ray tube suitable for X-ray imaging. Said X-ray tube 16 may
have a point focus and may be equipped with a collimator that limits the X-ray
beam to a desired direction.

The arrangement for monitoring of a metallurgical froth flotation pro-
cess in a metallurgical flotation cell according to the present a fourth embodi-
ment comprises at least one X-ray sensor unit 17, said at least one X-ray sen-
sor unit 17 opposing said at least one X-ray tube 16. In the present a fourth
embodiment said at least one X-ray sensor unit 17 is also arranged inside said
metallurgical flotation cell 4. Said at least one X-ray sensor unit 17 is arranged
to detect X-ray radiation travelling inside said metallurgical flotation cell 4. Said
X-ray sensor unit 17 is an X-ray sensor unit suitable for X-ray imaging. Said X-
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ray sensor unit 17 may comprise at least two, preferably more than 31, more
preferably more than 127, detectors that measure the intensity of X-ray radia-
tion.

In the arrangement for monitoring a metallurgical froth flotation pro-
cess in a metallurgical flotation cell according to the present a fourth embodi-
ment the X-rays from said at least one X-ray tube 16 may be collimated into a
narrow beam in at least one dimension when propagating inside said metallur-
gical flotation cell 4 thus minimizing the amount of radiation to other directions
than the detector. Furthermore, said at least one X-ray tube16 may be ar-
ranged to move or turn in order to transmit X-ray radiation in multiple direc-
tions.

In the a fourth embodiment presented in Figure 4 at least one X-ray
sensor unit 17 of said metallurgical flotation cell 4 detects X-ray radiation
transmitted by said opposing at least one X-ray tube 16, said X-ray radiation
travelling inside said metallurgical flotation cell 4. From the detected X-ray ra-
diation data a sensor data processing unit can provide a two-dimensional im-
age related to the attenuation of X-rays by the metallurgical slurry inside said
metallurgical flotation cell 4 based on the detected X-ray radiation data. Fur-
thermore, said at least one X-ray sensor unit 17 may be arranged to move or
turn in order to sense and provide a two- or three-dimensional image. Said at
least one X-ray tube 10 and the at least one X-ray sensor unit 11 may be real-
ized as at least one movable X-ray measurement unit.

Said image provided by said at least one X-ray sensor unit 17 gives
information for the calculation, monitoring and controlling of process, e.g. tail-
ings flow rate from the flotation cell 4, pH of the froth flotation process slurry 5,
the concentration of various chemicals added to the flotation cell 4, solids con-
centration in the froth flotation process slurry 5 and gas flow rate into the flota-
tion cell 4. Furthermore, said image provided by said at least one X-ray sensor
unit 17 gives information for the calculation for measurement of the phase
boundaries, particle densities and/or particle sizes in the process slurry 5 and
metallurgical flotation froth 8 inside said metallurgical flotation cell 4.

Furthermore, the water content and/or solids content of the process
slurry 5 and metallurgical flotation froth at different heights in said metallurgical
flotation cell 4 may be calculated based on the information provided by said at
least one X-ray sensor unit 17. Determining the water content and/or solids
content of the process slurry 5 online with the help of said image provided by
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said at least one X-ray sensor unit 17 gives an opportunity to follow the pro-
cess behaviour, to detect abnormal situations and to make corrective actions in
time. Online measurement will also give a long time average measurement
result instead of an instantaneous indication.

In order to monitor and control the process, e.g. tailings flow rate
from the flotation cell 4, pH of the froth flotation process slurry 5, the concen-
tration of various chemicals added to the flotation cell 4, solids concentration in
the froth flotation process slurry 5 and gas flow rate into the flotation cell 4, itis
useful to measure the phase boundary between the process slurry 5 and the
metallurgical flotation froth 8. The diameter of the metallurgical flotation cell 4
may range from 2 meters to 100 meters, typically from 5 meters to 40 meters.
The bed height of the metallurgical flotation cell 4 may range from 2 meters to
10 meters, typically from 3 meters to 5 meters.

The solution for monitoring of a metallurgical froth flotation process
according to the present invention provides a continuous measurement of a
metallurgical froth flotation in a metallurgical flotation cell, which is highly in-
sensitive to dirt or contamination. The solution for monitoring of a metallurgical
froth flotation process according to the present invention provides reliable,
online measurement data for the monitoring of the metallurgical froth flotation
process.

With the help of the solution according to the present invention the
manufacturers and owners of metallurgical flotation cells will be able to provide
a metallurgical flotation cell with a measurement arrangement producing more
reliable measurement data for monitoring of a metallurgical froth flotation pro-
cess in a metallurgical flotation cell. The solution according to the present in-
vention may be utilised in any kind of a metallurgical flotation cell.

It will be obvious to a person skilled in the art that, as the technology
advances, the inventive concept can be implemented in various ways. The in-
vention and its embodiments are not limited to the examples described above
but may vary within the scope of the claims.
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CLAIMS

1. A method for monitoring of a metallurgical froth flotation process
in a metallurgical flotation cell (4) characterized by that the method
comprises the steps of:

- transmitting X-ray radiation into said metallurgical flotation cell (4)
by at least one X-ray tube (10), (12), (14), (16); and

- detecting X-ray radiation travelled inside said metallurgical flotation
cell (4) by at least one X-ray sensor unit (11), (13), (15), (17); and

- providing a two- or three-dimensional image related to the attenua-
tion of X-rays by the process slurry (5) and/or metallurgical flotation froth (8)
inside said metallurgical flotation cell (4) based on the detected X-ray radiation
data;

wherein at least one of said at least one X-ray tube (10), (12), (14),
(16) and said at least one X-ray sensor unit (11), (13), (15), (17) is arranged
inside said metallurgical flotation cell (4).

2. A method according to claim 1, characterized in that the
method comprises the step of:

- controlling said metallurgical froth flotation process based on the
detected X-ray radiation data.

3. A method according to claim 1 or to claim 2, character-
ized in that the method comprises the step of:

- feeding said metallurgical flotation cell (4) with process slurry (5).

4. A method according to any one of claims 1to 3, character-
ized in that the method comprises the step of:

- feeding a gas stream (7) to the bottom part of the metallurgical flo-
tation cell (4).

5. A method according to claim4,characterized inthat said
gas stream (7) is an air stream (7), a nitrogen stream (7), an oxygen enriched
air stream (7) or a depleted air stream (7).

6. An arrangement for monitoring of a metallurgical froth flotation
process in a metallurgical flotation cell (4), characterized in that said
arrangement comprises:

- at least one X-ray tube (10), (12), (14), (16), said at least one X-ray
tube (10), (12), (14), (16) being arranged to transmit X-ray radiation into said
metallurgical flotation cell (4),
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- at least one X-ray sensor unit (11), (13), (15), (17) arranged to de-
tect X-ray radiation travelling inside said metallurgical flotation cell (4); and

- a sensor data processing unit, which said sensor data processing
unit provides a two- or three dimensional image related to the attenuation of X-
rays by the process slurry (5) and metallurgical flotation froth (8) inside said
metallurgical flotation cell (4) based on the detected X-ray radiation data;

wherein at least one of said at least one X-ray tube (10), (12), (14),
(16) or at least one X-ray sensor unit (11), (13), (15), (17) is arranged inside
said metallurgical flotation cell (4).

7. An arrangement according to claim 6, characterized in
that said arrangement comprises a sensor data processing unit, which said
sensor data processing unit controls said metallurgical froth flotation process
based on the detected X-ray radiation data.

8. An arrangement according to claim 6 or to claim 7, charac-
terized in that phase boundaries, solids densities and/or bubble sizes in
the process slurry (5) and metallurgical flotation froth (8) inside said metallurgi-
cal flotation cell (4) is/are calculated based on the detected X-ray radiation da-
ta.

9. An arrangement according to any one of claims 6 to 8, char-
acterized in that the water content and/or solids content of the process
slurry (5) and metallurgical flotation froth (8) at different heights in said metal-
lurgical flotation cell (4) is/are calculated based on the detected X-ray radiation
data.

10. An arrangement according to any one of claims 6to 9, char-
acterized in that the X-rays from said at least one X-ray tube (10), (12),
(14), (16) are collimated into a narrow beam in at least one dimension when
propagating into said metallurgical flotation cell (4).

11. An arrangement according to claim 10, characterized in
that said at least one X-ray tube(10), (12), (14), (16) is arranged to move or
turn in order to transmit X-ray radiation in multiple directions.

12. An arrangement according to any one of claims 6 to 11,
characterized in that said at least one X-ray sensor unit (11), (13),
(15), (17) is arranged to move or turn.

13. An arrangement according to any one of claims 6 to 12,
characterized in that at least one of said at least one X-ray tube (10),
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(12), (14), (16) and said at least one X-ray sensor unit (11), (13), (15), (17) is
attached at a frame structure of said metallurgical flotation cell (4).

14. An arrangement according to claim 13, characterized in
that at least one of said at least one X-ray tube (10), (12), (14), (16) and said at
least one X-ray sensor unit (11), (13), (15), (17) is attached outside said frame
structure of said metallurgical flotation cell (4) and that said frame structure is
manufactured of material, which does not absorb the X-rays and allows at least
1 %, preferably at least 5 %, more preferably at least 30 %, of the X-ray radia-
tion to travel through said frame structure of said metallurgical flotation cell (4).

15. An arrangement according to claim 13, characterized in
that at least one of said at least one X-ray tube (10), (12), (14), (16) and said at
least one X-ray sensor unit (11), (13), (15), (17) is attached outside said frame
structure of said metallurgical flotation cell (4) and that the frame structure of
said metallurgical flotation cell (4) comprises one or more window portions,
which said one or more window portions are manufactured of material, which
does not absorb the X-rays and allows at least 1 %, preferably at least 5 %,
more preferably at least 30 %, of the X-ray radiation to travel through the frame
structure of said metallurgical flotation cell (4).

16. An arrangement according to any one of claims 6 to 15,
characterized in that said at least one X-ray tube (10), (12), (14), (16)
and said at least one X-ray sensor unit (11), (13), (15), (17) are realized as at
least one X-ray measurement unit.

17. An arrangement according to any one of claims 6 to 15,
characterized in that said at least one X-ray tube (10), (12), (14), (16)
and said at least one X-ray sensor unit (11), (13), (15), (17) are realized as at
least one movable X-ray measurement unit.
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