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(57) Abstract: The invention refers to a system for detecting
a local operation condition in an individual filter section (57)
of a filter device (50) comprising at least two filter sections.
The system comprises at least one sensor (60) for measuring
the concentration of at least one gaseous pollutant in at least
one measuring point (59) to obtain measurement informa-
tion, and a controller (61). The controller is adapted to re-
ceive measurement information from the at least one sensor.
The at least one measuring point is for an individual filter
section, and the controller uses the measurement information
to determine the local operation condition in the individual
filter section. The invention also refers to a method of de-
termining such local operation condition.
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A SYSTEM AND A METHOD FOR DETECTING A LOCAL OPERATION
CONDITION IN AN INDIVIDUAL FILTER UNIT OR IN A GROUP OF FILTER UNITS
INAFILTER DEVICE

Field of the Invention

[0001] The present invention relates to a system and a method using the
system to detect a local operation condition in an individual filter section or in a group
of filter sections in a filter device.

Background of the Invention

[0002]  During certain operations such as in power plants, in aluminium
production or in waste incineration, a process gas containing gaseous pollutants
such as sulphur dioxide or hydrochloric acid, is generated. Such gaseous pollutants
must be removed before releasing the process gas into the ambient air. Depending
on the type of operation producing the process gas, it might also to be of interest to
remove dust particles therefrom. ‘

[0003]  One way of removing pollutants and/or dust particles from a process
gas is by using a filter device, e.g., known from US 4 336 035, comprising a plurality
of bag filters. The general principle of such a filter device is that dust, dirt or other
types of particulates collect as a cake on the surface of the individual bag filters as
the process gas passes there through and is thereby “cleaned”.

[0004] To allow cleaning of the bag filters it is known to use a pulse cleaning
system, also in general known from US 4 336 035. As described in US 4 336 035, a
pulse of highly compressed a.ir is directed into bag filters to create a jet pulse that
operates as a back flush to remove'particulate cakes from the exterior surfaces of
the bag filters. Thus, by using a pulse cleaning system, the bag filters can be
cleaned without interrupting normal filter fldw. |

[0005]  Typically, an industrial filter device of this type contains several
hundreds or even several thousands of bag filtefs, making it hard to detect the
presence of and identify the position of an individual malfunctioning bag filter.

[0006] EP 2181753 discloses a gas cleaning system designed for removing
hydrogen fluoride from a process gas. The gas cleaning system comprises a
scrubbing chamber for mixing the pfoceé.s gas with particulate alumina, and a filter
device located downstream of the scrubbing chamber. A sulphur dioxide
measurement device measures the amount/concentration of sulphur dioxide present
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in the process gas downstream of the filter device, i.e., when the process gas has
left the filter device. A controller is operatively connected to the sulphur dioxide
measurement device for utilizing the measured amount/concentration of sulphur
dioxide to evaluate the efficiency of the gas cleaning system. Accordingly, this
system measures a parameter and thereby evaluates the performance of the filter
device as one complete unit, thus making it possible to ensure that emission limits
established by local governmental authorities are not exceeded. Once the
concentration of gaseous pollutants exiting the filter device is deemed to reach a pre-
set limit indicating that the filter device as such is malfunctioning, the complete
system is shut down and a difficult, time consuming and expensive maintenance
procedure must be initiated.

Summary of the Invention
[0007]  The present invention allows detection of a local operation condition in

an individual filter unit or in a group of filter units in an interior of a filter device. The
local operation condition can refer to the ability to remove gaseous pollutants from a
process gas, which are generated by way of example during aluminium production or
during incineration. Examples of such gaseoUs poliutants are sulphur dioxide and
hydrochloric acid. - |

[0008]  The present invention makes it possible to carefully plan operation
downtime and system maintenance. \

[0009]  Further, the present invention makes it possible to enhance control of
any supply of absorbent material before, inside or in connection to an inlet of a filter
device, which absorbent material can belsupplied for reaction with gaseous |
pollutants to reduce concentrations of gaseous pollutants in a process gas while the
process gas passes through the filter device.

[0010]  According to one aspect the present invention is a system for detecting
a local operation condition in an individual filter section of a filter device comprising
at least two filter sections, the systerh comprising at least one sensor for measuring
the concentration of at least one gaseous pol|utént in at least one measuring point to
obtain measurement information, and a controller for receiving measurement
information from the at least one senso’r."T‘he system is characterized in at least one
measuring point for an individual filter section, and said controller uses measurement
information to determine a local operation condition in the individual filter section.
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[0011]  As used herein, the term “local operation condition” refers to an
individual filter section’s ability to remove at least one gaseous pollutant from a
process gas at a particular point in time. Non-limiting examples of such gaseous
pollutants found in process gases are sulphur dioxide (SO,) and hydrochloric acid
(HC)). Pollutant laden process gas can be geherated by way of example during the
production of aluminium from alumina or dufing incineration.

[0012]  Further, each individual filter section of a filter device comprises one or
more filter units, such as filter bégs. The one ‘or several filter sections are arranged in
one common filter housing of the filter device. As such, the present system is
equipped to collect and evaluate measurement information regarding concentrations
of at least one gaseous pollutant at one or more points inside the filter device in
order to thereby determine the local operation condition(s) and to use the local
operation condition information to control the operation of the filter device.

[0013]  The subject system can comprise at least one sensor operative for
measuring concentrations of géseous pollutants in at least one measuring point in an
individual filter section. Depending on the number of measuring points in view of the
number of filter sections, it is possible to get measurement information pertinent to
the local operation condition of an indivi‘d‘ual filter section, as well as that of an
individual filter unit located therein, depending on the level of system operation
condition identification accuracy“desired. In the case of several hundreds or even
several thousands of filter units in a filter device, it might be deemed a sufficient level
of identification accuracy to know fhe area of the filter device exhibiting a low
operation condition and hence poSsiny an operational problem. In other cases, it
might be of interest to identify any filter 'unit or area in the filter device exhibiting a
low operation condition.

[0014]  The number of sensors required can be determined based on factors
such as type of sensor used, complexity of the controller, level of desired control and
the temperature of the process gas inside the filter device. It is important to noté that,
depending on the type of sensor used, the number of sensors utilized within the filter
device does not have to correspond to the nlufnber of desired measuring points.

[0015]  Further, through the use of fthe subject system to monitor and/or control
local operation conditions in an individual filter section, system downtime and |
maintenance may be carefully planned. Likewise, the subject system allows for
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monitoring and data input as desired for control of any required cleaning operations
within the system.

[0016] Further, the subject system can be used for data to control any supply
of absorbent material to the polluted process gas side of the filter device for reaction
with the process gas pollutant(s) passing therethrough. The subject system can
also be used as a source of data for controlling the flow of polluted process gas to
portions of the filter device with more desirable operation conditions, e.g., better
cleaning capacity. In cases where the system includes a pulse cleaning system, the
present inventive system can be used for data to control such pulse cleaning system,
such as by way of example, to control the pulse strategy. The pulse strategy can by
way of example be the length of time or intervals between pulses, the force or power
of the pulses, or even the determination to stop or quit pulsing.

[0017]  Above, a number of non-limiting examples have been provided to
describe various uses of the sensor data collected by the system. The examples
provided herein are not exhaUstive, with the breadth of possible uses of the
collected sensor data to a large extent only limited by the complexity of the controller
used.

[0018]  According to one embodiment, at least one measuring point is in a
clean gas area of the filter device. The cleah gas area is downstream with respect to
process gas flow of a filtering portion of the filter device.

[0019] According to one embodiment, the controller is operable to compare
measurement to a reference value. The reference value if desired can be indicative
of an expected concentration of the at least one gaseous pollutant. As such, the
measurement information as it compares to the reference value, may be used to
determine the required level of reactivity needed of any absorbent material supplied
to the polluted process gas area of said filter device. The comparison of the
measurement information to the reference value can be used to indicate at least the
following three operation conditions: measurement information comparable to
reference value indicates normal operation - no action required; measurement
information somewhat higher than reference value indicates operational deficiency —
determine need for and/or timing of any future action; measurement information
significantly higher than reference value indicates possible local operational default —
determine need for immediate action or;any action in the near future. It is to be
understood that the examples provided herein are non-limiting examples to illustrate
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how the outcome of the comparison between the measurement information and
reference value made by the controller can be prosecuted thereby.

[0020] According to yet another embodiment, the system can further comprise
a pulse cleaning system for cleaning individual filter sections by applying at least one
cleaning pulse of air, wherein the at least one sensor measures a concentration of at
least one gaseous pollutant for activation of said pulse cleaning system.

[0021]  According to one embodiment, the pulse cleaning system can provide a
cleaning pulse of air to each ‘of at least two filter sections, whereby said controller
determines the local operation condition of a cleaned first individual filter section
before initiating the pulse cleaning system to provide a cleaning pulse of air to a
second individual filter section.

[0022] Depending on how the controller is utilized and operated, the measured
concentration of process gas pollutant can be used and/or evaluated immediately or
at a later time, e.g., when the cleaning of the filter device is completed.

[0023]  According to one embodiment, a collector (80) can be used to collect
gas for to at least one sensor and measuring point positioned outside of the filter
device. |

| [0024]  This embodiment is especially useful in applications where the
temperature inside the filter device might affect the operation of the sensor. This may
especially be true in the caée of incineration applications. This embodiment is also
particularly useful in cases where complex and expensive sensors are used.

[0025]  According to another aspect there is a method for detecting local
operation conditions in an individual filter section of a filter device comprising at least
two filter sections is disclosed, wherein at least one sensor is operative for
measuring the concentration of at least one gaseous pollutant in at least one
measuring point. The method comprises measuring, using the at least one sensor,
the concentration of the at least one gaseous pollutant in at least one measuring
point in the individual filter section to obtain measurement information, and utilizing
the measurement information to determine the local operation condition in the
individual filter section. This method is based on one using the subject inventive
system, which provides a number of advantages, with both the system and its
advantages described above. To avoid undue repetition, advantages of the present
method parallel those described above with regard to the subject system are
provided.
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[0026]  According to one method embodiment, measurement information of the
measured concentration of the at least one gaseous pollutant is compared to a
reference value. The reference value can be indicative of an expected concentrafion
of the at least one gaseous pollutant. As such, the measurement information as it
compares to the reference value, may be used to determine the required level of
reactivity needed of any absorbent material supplied to the polluted process gas
area of said filter device.

[0027]  According to another method embodiment, the method can further
comprise cleaning an individual filter section by operating a pulse cleaning system,
the pulse cleaning being performed before measuring the concentration of the
gaseous pollutant in the individual filter section.

[0028]  According to another embodiment, the pulse cleaning system can be
operated to apply a cleaning pulse of air to a first filter section, with said sensor
operated to measure the concentration of gaseous pollutant in the first filter section,
before subjecting a subsequent filter section to a cleaning pulse.

[0029] According to another method embodiment, the method can further
comprise controlling a supply of absorbent material to the filter device based on the
measurement information. | | .

[0030]  Such absorbent material supply control can be based on, by way of
non-limiting example, insufficient reactivity between the at least one gaseous
pollutant and the absorbent material supplied as detected as a locally increased
concentration of gaseous pollutants at a measuring point.

[0031]  According to yet another aspect, the présent invention relates to use of
the subject inventive system to determine the operation of one individual filter section
of at least two filter sections of a filter device. .

[0032] The above described systems, methods and features thereof are
further explained by the following figures and detailed description.

Brief Description of the Drawings

[0033] Referring now to the figures, which are exemplary embodiments
wherein like elements are numbered alike:

[0034] Fig. 1 is a schematic illustration of a gas cleaning system according to
prior art.

[0035]  Fig. 2a is a schematic side view of a filter device forming a part of a first
embodiment of the present invention.
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[0036]  Fig. 2b is a schematic side view of a filter section comprising more than
one or more filter units _ ‘ |

[0037] Fig. 3 is a schematic top view illustrating a partition wall as seen from
above according to a first embodiment of the present invention.

[0038]  Fig. 4 is a schematic top view of the partition wall for the purpose of
illustrating a grouping of filter units according to the present invention.

[0039]  Fig. 5 is a schematic cross section of a filter device equipped with a
pulse cleaning system

[0040] Fig. 6 is a schematic cross section of a filter device illustrating one
embodiment according to the present invention using a pulse cleaning system.

[0041] Fig.6a is a schematic cross section of the filter device of Fig. 6 to
illustrate the use of peripheral measuring points.

a. Fig. 7 is a schematic illustration of a collector used in accordance with

an embodiment of the present invention.

[0042] Fig. 8 is a flow chart illustration of a method accbrding to the present
invention. |

Description of preferred embodiments
[0043]  For purposes of better understanding the applicability of the present

invention, a typical gas cleaning system 1 is illustrated in Fig 1. The gas cleaning
system 1 is operative for removing gaseous pbllutants and dust particles from a
process gas generated during an eIéCtrontic reduction process for producing
aluminium from alumina. In such an eIectrOIytic reduction process, alumina is treated
in a pot, not shown, generating a process gas containing gaseous pollutants, such
as for example hydrogen fluoride and dust particles. The process gas thus generated
is collected by a collector 2 and flows via a duct 4 to a scrubbing chamber 8. Fresh
alumina is transported from storage 14 via pipe 16 to scrubbing chamber 8 where
the alumina is mixed with the process gas. The mixture of fresh alumina and process
gas flows via duct 22 to fabric filter device 24. Fabric filter device 24, as is well
known to those skilled in this art, allows a pollution laden process gas to pass
through a fabric filter, which may be constructed in the form of a bag, and as such is
often referred to as a bag filter. Particles entrained in the process gas passing
through the fabric filter are captured on the fabric. One non-limiting example of a
bag-type fabric filter is illustrated in US 4,336,035. |

[0044] The gaseous pollutants entrained in the process gas incklude hydrogen
fluoride, HF, and sulphur dioxide, SO.. Hydrogen fluoride énd sulphur dioxide react
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with the alumina in scrubbing chamber 8 to form a solid reaction product. The
reactions between the alumina and the gaseous poliutants entrained in the process
gas also occur on the fabric surfaces of the fabric filter device 24. Fabric filter device
24 includes a clean gas duct 30 to channel the flow of cleaned process gas (CG) to
stack 38 from which the cleaned process gas is emitted into the ambient air. The
particles captured in fabric filter device 24 are removed from the fabric surfaces of
the fabric filter device 24 and returned via transport system 39 to the aluminium
production units (not shown) in Fig. 1. |

[0045] In addition to an aluminium production plant, the present inventive
system is also useful with regard to a combustion plant (not shown) for incineration
of a fuel such as coal, oil, peat, waste and/or the like. Such a combustion plant can
be a power plant or a waste incineration plant wherein a hot process gas is
generated containing among other components, gaseous pollutants, such as
hydrogen chloride, HCI, and sulphur oxides, SOy, such as sulphur dioxide, SO,.

[0046]  When separating gaseous pollutants such as hydrochloric acid and
sulphur dioxide from hot process gas, a method is frequently used that includes
introducing a lime-containing absorbent material into the poIIUtant laden process gas
to react with the gaseous pollutants. When the absorbent material reacts with the
gaseous pollutants, the géseous pollutants are converted chemically and/or
physically into dust, which is then separated using a fabric filter.

[0047]  Now referring to Fig. 2a, a filter device 50 forming part of a system
according to a first embodiment of the present invention is described. Filter device 50
corresponds to a commonly used bag-type‘filter, e.gdisclosed in US 4 336 035,
incorporated herein by reference.

[0048] Filter device 50 comprises housing 90 with an interior inlet zone 51
through which pollutant laden process gas (PG) flows via inlet 51a. Inlet 51a is fluidly
- connected to a conduit such as conduit 22 illustrated in Fig. 1. Further, filter device
50 includes an interior outlet zone 53, thrbugh which cleaned process gas (CG) flows
from housing 90 via outlet 54. Outlet 54 is fluidly connected to a conduit such as
conduit 30 illustrated in Fig. 1. Inlet zone 52 is physically separéted from outlet zone
53 within interior 90a of housing 90 by partition wall 55. Inlet zone 52 is a pollutant
laden process gas zone ( a PG zone), whereas outlet zone 53 is a cleaned process
gas zone (a CG zone).
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[0049]  Partition wall 55 has a plurality of through openings 56. Each opening
56 contains a filter section 57. Typically, ah industrial filter device 50 contains a very
large number of filter sections 57, e.g., several hundreds or thousands. However, to
facilitate understanding of the present invention, Fig. 2a schematically illustrates
three filter sections 57, each in the form of a filter bag 57a. Each filter section 57 is
typically used in combination with a filter cage (not shown). Filter cages serve to
support filter bags 57a to prevent filter bag 57a collapse. As such, a filter cage fits
within opening 56 of partition wall 55 and extends from partition wall 55 into filter bag
57a and into inlet zone 52. Further, each individual filter section 57 can comprise
one or more filter units 57b, see Fig. 2b, interlocked circular end to circular end so as
to increase the overall length thereof to support the full length of filter bag 57a.

[0050] The subject system as described below is based on a filter section 57
in the form of a filter bag 57a, although it is to be understood that the subject
inventive system is applicable to any number of filter section 57 designs.

[0051]  In a case where filter dévice 50 is connected to a system‘ that uses an
absorbent material introduced in the procéss gas, PG, to react with gaseous
pollutants therein, the absorbent material is supplied together with the polluted
process gas PG to inlet zone 51. The absorbent material can by way of example be
supplied via one or several fluidly connected inlets 58 arranged in inlet zone 51. Itis
to be understood that as an alternative, it is possible to supply an absorbent material
to the system at a point upstream or before filter device 50.

[0052]  As such, the polluted process gas PG flows into filter section 57 on its
passage through filter device 50. Within filter device 50, dust, dirt or other types of
particulates collect as a caked material on an exterior surface 57¢ of individual filter
sections 57 as the process gas PG passes therethrough. Absorbent material mixed
with the polluted process gas PG likewise accumulates as a caked material on
exterior surface 57¢ of filter sections 57 extending within interior 51a of inlet zone
51. ‘

[0053]  Fig. 3 illustrates a cross section taken along line A—A of filter section
57 of Fig. 2. The cross section of Fig. 3 illustrates a top view of partition wall 55. To
facilitate understanding, a top view of nine filter sections 57 are illustrated in
openings 56 of partition wall 55. Openings 56, with filter sections 57, are érranged
through partition wall 55 in a geometriCal pattern, such as for example in the form of
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three rows of three columns. It is to be understood that any other pattern is possible
no matter if it is a geometrical or a random pattern.

[0054]  In the subject embodiment, one measuring point 59 comprising at least
one sensor 60 is positioned relative to each filter section 57. Sensor 60 is positioned
in interior 57d of filter section 57 and is operable to communicate with a controller 61
arranged outside or separate from filter device 50. To facilitate understanding, Fig. 3
only illustrates via a dashed line, communication between one sensor 60 and
controller 61. However, it is to be understood that each sensor 60 communicates
with controller 61 and such communication can be wire based or wireless. Also, it is
to be understood that controller 61: can as an alternative be arranged within or as a
part of filter device 50.

[0055] Controller 61 can be operatively connected to a plant control display
62. A plant operator (not shown) may watch the plant control display 62 so as to
monitor and to act as necessitated based on the detected local operation conditions.

[0056]  During operation of filter device 50, at least one sensor 60 is positioned
at a measuring point 59 to measure fhe concentration of at least one gaseous
pollutant at said measuring point 59. Measurement information can be obtained by
measuring continuously or at pre-set intervals. It is also to be understood that ‘
depending on the complexity of sensor 60 and controller 61, other parameters could
likewise be measured and evaluated. | ‘ |

[0057]  Using the subject system according to a first embodiment,
measurement information may be collected concerning the concentration of a
specific gaseous pollutant at a desired measuring point 59 at one or more specific
points in time. This measurement information is communicated as a signal to
controller 61 for evaluation and identification of local operation conditions. More
precisely, the signal received by controllef 61 is compared to at least one pre-set
reference value RV for the purpose of identifying fhe local operation condition at the
specific measuring point 59. Reference value RV is intended to correspond to the
highest expected concentration of at least one gaseous pollutant expected to be
present in the cleaned process gas CG during normal filter device 50 operation, and
under actual conditions existing at the time of measuring. By way of example, a local
operation condition can refer to a desired level of removal of at least one gaseous
pollutant by filter section 57 with regard to a specific measuring point 59 and point in
time. The local operation condition can also refer to other local operation conditions,
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such as a need to change conditions in inlet zone 51 by increasing or decreasing
any supply of absorbent material to inlet zone 51, or a need to perform maintenance
on a specific filter section 57. By way of example, through several inlets 58
absorbent material is supplied to inlet zone 51. Actual amount of supply of
absorbent material through individual inlets 58 can vary. It can also refer to control
over a pulse strategy in any system pulse'cleaning. Such control of a pulse strategy
can by way of example be the intervals between pulses of forced air, the force or
power of the air pulses, or even termination-of or quitting pulsing.

[0058]  Given that a local operation condition is monitored and evaluated for
the purpose of removing at least one gaseous pollutant from a process gas, by
measuring the concentration of a gaseous pollutant at a measuring point 59 on the
clean side or in the interior 57d of a filter section 57, the following non-limiting
examples are provided.

[0059]  According to one example, if upon evaluation, a comparison between
the measurement information or actual value, AV, i.e., the concentration of gaseous
pollutant, and the reference value, RV, proves the actual value to be lower than the
reference value, such indicates that filter section 57 at the corresponding
measuring point 59 is working properly. In other words, the local operation condition
is determined to be in accerdance with preset requirements. _

[0060]  According to another example, if upon evaluation, a comparison
between AV and RV proves AV is close to or even corresponds to RV, such
indicates that filter section 57 at the cofresponding measuring point 59 is working
properly at the moment but a malfunction is to be expected. Such malfunction can by
way of example be a clogging of the filter eegtion 57 causing a pressure drop.
Accordingly, the local operation condition is determined to be in accordance with
preset requirements for the time being, but a malfunction should be ‘expected and/or
an activity to improve the operation condition, such as system maintenance,
could/should be scheduled. | |

[0061]  According to another example, if upon evaluation a comparison
between AV and RV proves AV corresponds to or exceeds RV, such indicates that
filter section 57 corresponding to the particular measuring point 59 is malfunctioning,
i.e the local operation condition is not in accordance with preset requirements. This
malfunctioning should call for an activity. Such activity can, depending on set
requirements, call for e.g., immediate shut down bf the filter device, maintenance of
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the specific filter section or shut down of the evaluated filter section while relying on
the filtering capacity of adjacent filter sections. This malfunctioning should also call
for a corresponding evaluation of the local operation conditions for adjacent filter
sections, groups of filter sections, or even the complete filter device in order to
estimate the influence of the individual malfunctioning filter section on the operation
condition and capacity of the filter device as a whole.

[0062]  As illustrated by Fig. 3 and described above, each measuring point 59
can be provided with a sensor 60,‘ or ohe_sensor can be dedicated to serve a
plurality of measuring points 59. |

[0063] Further, it is possible to arrange a measuring point 59 and a sensor 60
where desired, e.g., with a specific filter section 57 or a plurality of filter sections.
Further, measuring point 59 can be arranged inside or outside a specific filter
section. Also, the measuring point 59 can be positioned to obtain measurement
information from a filter section 57 or a group of filter sections 57 while the sensor 60
or sensors 60 are positioned outside the filter device 50. A sensor 60 positioned
outside the filter device 50 can be favourable when applying the subject inventive
system in an incineration application where the temperatures inside the filter device
50 can be very high and possibly damaging to the sensor 60. |

[0064] Itis also to be understood that at least one measuring point 59 and a
sensor 60 connected thereto can be arranged to obtain measurement information in
the inlet zone 52. Measurement informatio}n'from’ such measuring point 59 can be
compared by the controller with measurement information received fromka
corresponding measuring point 59 and thereto connected sensor 60 used in the
outlet zone 53.

[0065] A sensor 60 suitable to be USed in connection to each measuring point
59, e.g., inside each filter section 57, is disclosed in US2005/0097941A1.

- [0066]  Another seneor 60 suitable to be used is the sensor 60 known as
ULTRAMAT™ 23 commercially available from SIEMENS AG, Germany. This type of
sensor 60 is preferably used where the nljmber of sensors 60 can be limited and
preferably can be arranged in a protected place, such as outside the ,filfer device 50.

[0067] Sensors 60 for use in accordance with the »subject invention should be
suitable to detect sulphur dioxide and/or hydrochloric acid.

[0068]  When the controller 61 detects, based on measurement of the
concentration of a gaseous pollutant,‘that a problem in the local operation condition
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exists, an alarm message, which may comprise text and/or sound components, can
be sent from the controller 61 to the plant control display 62 operatively connected
thereto. A plant operator, who is watching the plant control display 62, is thus made
aware of the fact that there is a local operéting problem. In addition, the operator is
also notified in which part of the filter device 50, i.e., in which measuring point 59 the
problem appears to be located.

[0069] Now turning to Fig. 4, a top view of a horizontal cross section of a filter
device 50 according to the type shown in Fig. 2 is shown highly schematically. The
cross section of Fig. 4 provides a top view of the partition wall 55 comprising sixteen
filter sections 57. This embodiment is useful to illustrate the principle of grouping of
filter sections 57. The grouping can be made in a strict geometrical pattern, such as
a rectangular, circular or polygon pattern, in order to cover the full upper surface 55a
of partition wall 55 of filter device 50. The grouping can also be made in a more
random pattern. Each sensor 60 can be provided with an identification number,
identifying its position in the group or in the filter device 50.

[0070]  For clarity of understanding, filter sections 57 in Fig.4 are grouped into
four groups, i.e., A, B, C and D, each containing four filter sections 57. Each group
is highlighted by dashed lines. Each group can comprise at least one measuring
point 59 provided with at least one sensor 60. Each sensor 60 is dedicated to be
operative to obtain measurement information for the concentration of at least one
gaseous pollutant in an area covered by that specific measuring point 59.

[0071] A controller 61 of the type previously discussed is adapted to receive
signals from the sensors 60. The controller 61 identifies the local operation condition
of a specific group A, B, C, D of filter sections 57, rather than the local opération
condition of a specific filter section 57 within that group. The latter possibility
depends however on the number of sensors 60 /measuring points 59 used within a
group. However, it is to be understood that depending on the complexity of the
controller 61 used, signals from adjacent groups may be useful to identify and
evaluate local operation conditions of individual filter sections 57 in adjacent groups
based on, e.g., probability calculations.

[0072]  Although the number of sensors 60 can be reduced by grouping the
filter sections 57, it is still possible to identify, with a fair likelihood, which filter
section57, if any, has a malfunction by its local operation condition causing
undesirable measurement information. Con‘side'ring that an industrial filter device 50
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comprises several hundreds or thousands of filter sections 57, it is still of good help
to identify in which area of the filter device 50 that a malfunctioning filter section 57 is
positioned. Grouping filter sections 57 in geometrical patterns further allows for
simplified graphical or visual identification of the malfunctioning filter section 57 by
the plant control display 62 connectéd to the controller 61.

[0073]  ltis to be understood that this general principle of grouping measuring
points 59 and sensors 60 is applicable to a larger or smaller group of filter sections
57 than that described herein. | _

[0074] Now turning to Fig. 5, a schematic cross section side view of a filter
device 50 of the type described above is illustrated. Filter device 50 is equipped with
a pulse cleaning system 70. The pulse cleaning system 70 can operate using
pressurized air, mechanical action or ultrasonic’s. One such example of a pulse
cleaning system 70 applicable with the present invention is disclosed in US
4 336 035. '

[0075]  The illustrated pulse cleaning system 70 comprises a pipe system 71
fluidly connected to a source 72 of compressed air. Pipe system 71 is most typically
arranged in the clean air outlet zone 53 of the filter device 50 and is provided with a
large number of nozzles 73, each nozzle 73 with its nozzle output 73a directed
towards the interior 57a of each filter section 57. In operation, pulses P of
pressurized air are blasted into the filter sections 57 in order to remove cake
formations. I

[0076]  The illustrated pipe system 71 is provided with one nozzle 73 per filter
section 57. By a non-illustrated valve systems arranged in pipe system 71 , the filter
sections 57 can be cleaned individually, one at the time, group wise or all at the
same time. |

[0077]  The cleaning can be preceded by measuring and assessing the local
operation condition and/or be followed by the same. Such measuring and assessing
is accomplished in the same manner as previously discussed. The assessment of
the measurement information from an actual measured concentration as compafed
to a reference value RV is described further below. '

[0078]  Now turning to Fig. 6, an embodiment of the present invention is
illustrated in a top view having filter sectiohs 57 divided into groups (only one group
is shown labelled as group “A”) and sub-gfbups a’,a”, a”. As such, the local
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operation condition within group A is monitored with a more limited number of
measuring points 59 than for each filter section 57.

m

[0079] To enhance understanding, each sub group a’, a”, "’ is represented by
a row of filter sections 57. A number of measuring points 59, each comprising a
sensor 60 is arranged along an edge A1}forming part of a periphery Ap of a group A
of sub groups a’, a” and a’’. In the embodirhent, the number of measuring points 59
correspond to the number of filter sections 57 in each sub-group a’, a” and a”’.
Further, the pipe system 71 of the pulse cleaning system 70 is arranged with one
pipe section 75 positioned to extend longitudinally along each sub group a’, a” and
a'’”. Each pipe section 75 comprises a valve 74 and a number of nozzles 73
corresponding to the number of filter sections 57 in each sub group a’, a” and a™".

[0080] Itis to be understood that the principle of this embodiment is also
applicable if filter sections 57 in a plurality of adjacent rows are regarded as
constituting a sub-group or if each filter section 57 in a row is considered individually.
It is also to be understood that the number of measuring points 59 and/or sensors 60
can differ, e.g., be fewer in number than that of filter sections 57.

[0081] In order to assess the local operation condition of filter sectiohs 57
contained in sub groups a’, a” and a™, the pulse cleaning system 70 is operated to
blast one or several consecutive high pressure air pulses P to the pipe section 75
dedicated to a particular sub-group. Such pulsing, as best illustrated in Fig. 6a,
delivers a burst of air P having a main ‘path of flow downwardly into each filter
section 57 of each sub group @, a” and a’”’. However, a side flow P’ will also be
generated by high pressure air pulses P having a path of flow across the main path
of flow F moving through the filter device 50 from the inlet 52 to the outlet 54.
Supposing sub-group a’ in group A is subjected to a cleaning pulse blasting air
pulses P into each filter section 57 at one and the same time, a side flow P’ is thus
generated across the main flow F through the filter device 50. The side flow P’ will be
detected by the one or several sensors 60 arranged in the one or several measuring
points 59 along the periphery Ap of group A. By repeating this pulsing, sub-group by
sub-group, it is possible to get information about the local operation condition in a
specific sub-group a’, a”, or a’” within a group A. |

[0082] The measurement information regarding the local operation condition
thus collected can be combined any other fype of desired measurements and
assessed with regard to other conditions, e.g., opacity or the like.
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[0083]  During and/or after such pulsing, the sensors 60 dedicated to the
measuring points 59 along the periphery Ap of gfoup A receive signals suitable for
assessment of the local operation cdnditions of the filter sections 57 in comprised in
the pulsed sub group a’, a” or a.*”. The assessment is made by a controller 61
connected to or in communication with said sensors 60. The assessment can be
made simultaneously with the pulsing or at a later stage or time. After filter section
57 cleaning and receipt of signals by controller 61 from sensors 60 from first pulsed

sub group a’, adjacent filter sections 57 of sub groups a” and a'” of filter sections 57
are likewise pulse cleaned sequentially. This pulsed cleaning process is repeated
until the operation condition of the complete filter device 50 or the complete group A

of sub-groups a’, a” and a2’ has been determined.

[0084]  During cleaning of a filter section 57, no matter the method selected
and no matter any grouping, the cake of particles of dust and the like that is formed
under normal operation on the exterior surface 57a of filter sections 57 is removed.
Removal of the cake of particles initially increases and enhances the permeability of
the filter section 57 to the flow of process gas therethrough. Further, provided the
filter device 50 is operated together with an absorbent material in the polluted gas
zone 51, the cleaning will also remove the surface layer of absorbent material that
during use successively will be formed on the exterior surface 57a of the filter
section 57. This removal will likewise increase permeability, however it will also
initially negatively affect the reactivity and thus the ability to reduce the concentration
of gaseous pollutants in the process gas as the process gas passes ‘thro‘ugh the filter
section 57. | | |

[0085]  After cleaning, it will take some time for a sufficient layer of absorbent
material to be re-built. The degree of absorbent material reactivity with pollutants will
thus change within the operative cycle of a filter section 57 as seen from a newly
cleaned filter section 57 to a filter section which is ready to be cleaned. This filtering
operation fluctuation is also covered by the term “local operation condition” and can
be monitored by a sensor 60 arranged in a meaéuring point 59 for a filter section 57.

[0086]  Accordingly, the reference value RV or even a plurality of reference
values RV used by the controller 61 are preferably set to accommodate for such
normal variations to be expected during the operative life cycle of a filter section 57.

[0087]  As such, the controller 61 to be used in the present invention should
assess and signal any action required based on any abnormal measurement
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information obtained from said measuring points 59. By way of example, if a
structural defect, such as a rupture, should occur on a filter section 57, an increased
concentration of at least one gaseous pollutant measured by sensor 60 at measuring
point 59 in connection to that filter section 57 would result in indication of a local
operation problem. . |

[0088] It is to be understood that even though a rupture is detected for a filter
section 57 causing a locally higher concentration of gaseous pollutants, the overall
impact of this local defect as compared to the full operational condition of the filter
device 50 as such, must be evaluated and appropriate action determined.

[0089] Now turning to Fig. 7, the use of a collector 80 together with the present
invention will be disclosed. A collector 80 can be used to collect gas in at least one
measuring point 59 and transport the same to at least one sensor 60. Such sensor
60 can be positioned inside or outside the filter device 50. The use of a collector 80
is favourable by way of example when the conditions inside the filter device 50 are of
such character that it can affect the functionality of any sensors 60 arranged inside
50a the filter device 50. One such situation is when the process gas has a very high
temperature. _

[0090] The collector 80 in the illustrated embodiment is disclosed as a pipe
system 81 provided with a plurality of inlets 82 and valves (not shown) allowing a
flow of process gas to the sensor 60 positioned outside the filter device 50. The
collector 80 can be stationary, but it can also be movable (as indicated by the
arrows) across the filter device 50, the movement being made between individual
filter sections 57 or between groupé A of filter sections 57. Accordingly, the
measuring points 59 will be determined by the position of the inlets 82 as the
collector 80 moves. |

[0091]  Although not illustrated, it is to be understood that the pipe system 81
used for the collector 80 can be combined with the pipe system 71 used for the pulse
cleaning system 70. In case one pipe system is adapted to serve both purposes,
such pipe system is preferably supplied with a number of valves 74 to be set in order
to make sure that the flow direction of pulsed air P can be operated to be opposed a
flow direction of collected gas. It is also possible to use a pipe system having dual
compartments, one adapted for pulse cleaning and one ada'pted for collection 6f gas.

[0092]  With reference to the flow chart illustrated in Fig. 8, the method for
detecting a local operation condition in an individual filter section 57 in a filter device
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50 comprising at least two filter sections 57 will be briefly described. The flow chart
of Fig. 8 relates to a system wherein at ieast one sensor 60 is operative for
measuring the concentration of at least one gaseous pollutant in at least one
measuring point 59.

[0093] By using said at least one sensor 60, the concentration of said at least
one gaseous pollutant is measured 100 at said at least one measuring point 59.

[0094]  Measurement information from sensor 60 is transferred to the controller
61, which uses the measurement information 200 to determine the local operation
condition in said individual filter section 57. The controller 61 compares the
measurement information for the concentration of said at least one gaseous pollutant
to a reference value RV. The reference value RV is indicative of the appropriate or
desired amount of removal of said at least one gaseous pollutant by said individual
filter section 57.

[0095] Depending on the result of the comparison between the measurement
information and the reference value RV, a sUitabIe action 300 can be initiated by the
controller 61. One example of such activity is uponconfirmation that the local
operation condition in the filter section 57 is appropriate or desirable and the filter
device 50 is working properly, initiating the timing for the next comparison. Another
example is upon a determination of neéded maintenace for an individual filter section
57 or a group of filter sections 57, ini.tiating maintenance. Yet other examplés are
upon a determination of improper or undesirable working of the filter section 57
connected to the specific measuring point 59, initiating cleaning or initiating an
increased supply of absorbent material td the inlet zone 52. Another example of an
action that may be initiated by the controller 61 includes controlling the pulse
strategy in any pulse cleaning being used. The pulse strategy can by way of example
determine the intervals between pulses, the power of the pulses or whether or not
pulsing should continue. Yet another example of an action that may be initiated by
the controller 61 includes channeling a flow of polluted gas to other portions of the
filter section 57 having a better operation condition. |

[0096] It will be appreciated by those skilled in this art that numerous variants
of the embodiments previously described hereinabove and illustrated in the drawings
are possible within the scope of the appended claims without departing from the
essence of the present invention.
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[0097] For example, the system or method is applicable to a plurality of filter
devices 50 arranged in a parallel relation to each other with respect to the direction
of flow of the process gas. An advantage of this embodiment is that maintenance
and repair operations can be performed on one filter device 50, while at least the
other filter devices 50 remain in operation.

[0098]  While the filter sections 57 are described herein and are illustrated in
the drawings as being separate filter sections 57, which are arranged in parailel with
respect to the direction of flow of the process gas across the partition wall 55, it will
be appreciated that it is also possible without departing from the essence of the
present invention to utilize only one single filter section 57, which embodies one
housing 90 that consists of several compartments 90a, the latter each being
independent one from another and being arranged in parallel relation with respect to
the direction of flow of the process gas, such that each such individual compartment
90a performs essentially the same function as that which has been described
hereinbefore with respect to each of the indi\)idual filter sections 57. Furthermore, it
will be appreciated that other types of filter sections 57 than bag filters may also
equally well be utilized without depar’ting from the essence of the present invention.
Examples of such other filter devices 50 i'nclude, but are not limited to, electrostatic
precipitators, cyclones, ceramic filters, other types of fabric filters, etc. Furthermore,
it is also possible without departing from the essence of the present invention to
utilize a filter device 50 that combines several filter techniques, such as, for example,
a filter device 50 cbmplrising a combination of a cyclone and a bag house.

[0099] To summarize, the system is designed for detecting a local operation
condition in an individual filter section 57 of a filter device 50 comprising at least two
filter sections 57. The system comprises at least one sensor 60 being operative for
measuring the concentration of ai least one gaseous pollutant in at least one
measuring point 59, and a controller 61 adapted to receive measurement information
from the at least one sensor 60. The at least one measuring point 59 is positioned in
connection to the individual filter section ,57’ and the controller 61 is operative for
utilizing the measured concenfration of the at least one gaseous pollutant for
determining the local operation condition in the individual filter section 57.

[00100]  Further, the method is used for detecting a local operation condition in
an individual filter section 57 in a filter deyiée 50 comprising at least two filter
sections 57. At least one sensor 60 is operative for measuring the concentration of at
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least one gaseous pollutant in at least one measuring point 59. The method
comprises measuring, by using the at least one sensor 60, the concentration of the
at least one gaseous pollutant in at least one measuring point 59 arranged in
connection to the individual filter section 57, and utilizing the measured concentration
of the at least one gaseous pollutant for evaluating the local operation condition in
the individual filter section 57. ,

[00101]  While the present invention has been described and illustrated with
reference to a number of preferred embodiments, it will be understood by those
skilled in the art that various changes may be made and equivalents may be
substituted for elements thereof without departing from the essence of the present
invention. In addition, many modifications may be made by those skilled in this art to
adapt a particular situation or material to the teachings of the present invention
without departing from the essence thereof. Therefore, it is intended that the present
invention not be limited to the particular embodiments described and illustrated
herein as being the best mode thereof contémplated for carrying out the present
invention, but that the present invention wiII encompass all of the embodiments that
fall within the scope of the appended claims. Moreover, the use of the terms first,
second, etc. are not intended to denote any‘ofder or importance, but rather the terms
first, second, etc. are employed herein simply as a means of distinguishing one

element from another.
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CLAIMS

1. A system for detecting a local operation condition in an individual filter
section (57) of a filter device (50) comprising at least two filter sections,

the system comprising at least one sensor (60) for measuring the
concentration of at least one gaseous pollutant in at least one measuring point (59)
to obtain measurement information, and a controller (61) for receiving measurement
information from the at least one sensor,characterized in

at least one measuring point for an individual filter section, and

said controller uses measurement information to determine a local operation
condition in the individual filter section.

2. The system according to claim 1, wherein the af least one measuring
point (59) is in the clean gas area of the filter device (50).

3. The system according to any of the preceding claims, wherein the
controller (61) compares measurement information to a reference value (RV).

4, The system according to any of the pfeceding claims, further |
comprising a pulse cleaning system (70) fdr cleaning the individual filter section (57)
by applying at least one cleaning pulse (P) of air, wherein

the at least one sensor (60) measures a concentration of the at least one
gaseous pollutant for activation of said pulse cleaning system.

5. The system according to claim 4, wherein the pulse cleaning system
(70) provides a cleaning pulse (P) to each of the at least two filter sections (57),
whereby said controller (61) determines fhe local operation condition of a cleaned
first individual filter section before initiating the pulse cleaning system to provide a
cleaning pulse to a second individual filter section.

6. The system according ‘to any of the preceding claims, wherein a

collector (80) is used to collect gas for at least one sensor (60) and measuring point
(59) positioned outside of the filter device. - |
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7. A method for detecting a local operation condition in an individual filter
section (57) in a filter device (50) comprising at least two filter sections,

wherein at least one sensor (60) is operative for measuring the concentration
of at least one gaseous poIIutaht in at least one measuring point (59), the method
comprising \

measuring, using the at least one sensor, the concentration of the at least one
gaseous pollutant in at least one measuring point in the individual filter section to
obtain measurement information, and

utilizing the measurement information to determine the local operation
condition in the individual filter section.

8. The method of claim 7, further comprising comparing the measurement
information to a reference value (RV).

9. The method of any of claims 7-8, further comyprising cleaning an
individual filter section (57) by operating a pulse cleaning sysfem (70), the pulse
cleaning being performed before measu‘ring the concentration of gaseous pollutant in
the individual filter section.

10. The method according‘to claim 9, wherein the pulse cleaning system
provides a cleaning pulse (P) to a first filter section (57), whereby said sensor (60)
measures the concentration of gaseous pollutant in the first filter section, before
subjecting a subsequent filter section to a cleaning pulse.

11. The method according to any of claims 7-10, the method further
comprising controlling a supply of absorbent material to the filter device based on

measurement information.

12. Use of a éystem according to any of claims 1-6 for determining the
operation of one individual filter section of at least two filter sections of a filter device.

22



WO 2013/024331 PCT/IB2012/001542

1/6

y Controller

[ ]

SO}

CG

— 4_38
30’\—
24
39
s 16
A 14




WO 2013/024331

2/6
90a

//f“

G 54 90 56 53

yz///

PCT/IB2012/001542

4
. 55
T VS L_5.7_.y
g 52 55
57_/%%451/ 51a
57a/ l /
57¢ *573 !
PG N—57b
58 o L~
‘\ 57b
57 57a
58 % Fig. 2b
Fig. 2a
56
56 - 60 56
57dv/“é \@ 57
570 4 © O
© &R O -+
AV \\60
------------------ 59
61— Controller LRV

62



WO 2013/024331 PCT/IB2012/001542

61—~ Controller

62




WO 2013/024331 PCT/IB2012/001542

~_70 -

Fig. 6



WO 2013/024331

PCT/IB2012/001542

5/6
------------- Controller
59,60~ | o0
\ L 73 73 73 /
i J i,
F:‘_—\",‘:\/ / / 1
34—} N F
P P P
51
A
! el
F -
Fig. 6a
Controller ~__ g1

O
© @
%
O,

V)

/zp\,
T

$)
©

N



WO 2013/024331

6/6

PCT/IB2012/001542

Measuring concentration
of gaseous pollutants

—~— 100

|

Evaluation of measured
concentration in view
of reference value

—~—-200

|

Action




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2012/001542
A. CLASSIFICATION OF SUBJECT MATTER
INV. BO1D53/30 BO1D53/50 BO1D53/68 BO1D46/02 C25C3/22
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

BO1D (C25C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X,P
PERRY OPHNEIL HENRY [GB])

13 October 2011 (2011-10-13)
page 4, line 23 - page 5, line 2

page 7, line 32 - page 9, line 6

9 April 1996 (1996-04-09)

figures 1,2

[CH]) 5 May 2010 (2010-05-05)
cited in the application

paragraphs [0021],
1,3,5,6,8,10; figure 1

WO 20117124885 Al (CHALABI RIFAT AL [GB];

page 5, line 29 - page 6, line 13
US 5 505 766 A (CHANG RAMSAY [US])
column 3, line 19 - column 4, line 18
column 6, Tine 5 - column 6, line 40;

EP 2 181 753 Al (ALSTOM TECHNOLOGY LTD

[0022]; claims

; figure 1

1-5,7-12

1-3,7,8,
11,12

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

25 October 2012

Date of mailing of the international search report

05/11/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

de Biasio, Arnaldo

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2012/001542

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

[CH]) 21 April 2010 (2010-04-21)
claims 1-13; figures 1-3

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
y US 2005/084976 Al (BALDWIN TOM [US] ET AL) 6
21 April 2005 (2005-04-21)
claim 1; figure 3
A US 2010/024639 Al (TAYLOR ROBERT W [US]) 1,4-6,
4 February 2010 (2010-02-04) 8-12
paragraphs [0078], [0095], [0097];
claims 1,3,5,8,9
A EP 2 177 254 Al (ALSTOM TECHNOLOGY LTD 1,4,5,7

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2012/001542
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2011124885 Al 13-10-2011 GB 2479362 A 12-10-2011
WO 2011124885 Al 13-10-2011

US 5505766 A 09-04-1996  NONE

EP 2181753 Al 05-05-2010 AR 073330 Al 28-10-2010
AT 537892 T 15-01-2012
AU 2009309738 Al 06-05-2010
CA 2741739 Al 06-05-2010
CN 102264455 A 30-11-2011
EP 2181753 Al 05-05-2010
ES 2377757 T3 30-03-2012
US 2011268639 Al 03-11-2011
WO 2010049426 Al 06-05-2010

US 2005084976 Al 21-04-2005 US 2005084976 Al 21-04-2005
US 2008131324 Al 05-06-2008

US 2010024639 Al 04-02-2010 CN 101637684 A 03-02-2010
DE 102009026303 Al 04-02-2010
GB 2462516 A 17-02-2010
KR 20100014159 A 10-02-2010
US 2010024639 Al 04-02-2010

EP 2177254 Al 21-04-2010 CA 2739151 Al 29-04-2010
CN 102186558 A 14-09-2011
EP 2177254 Al 21-04-2010
US 2011197760 Al 18-08-2011
WO 2010046309 Al 29-04-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report

