Catalytic Filter System

FIELD OF THE INVENTION

The invention relates to a catalytic filter system comprising a filtration vessel
having a fluid inlet and a fluid outlet, a separation wall provided in the interior
of said filtration vessel and a plurality of filter candles. The separation wall di-
vides the said interior of the vessel into a raw gas chamber and a clean gas
chamber and comprises a plurality of openings designed to sealingly accom-
modate said plurality of filter candles. The fluid inlet is in fluid communciation
with the raw gas chamber, and located upstream of the plurality of filter
candles. The fluid outlet is in fluid communication with the clean gas chamber

and located downstream of the plurality of filter candles.

BACKGROUND OF THE INVENTION

A filtration system of such type has been proposed in the U.S. patent
US 6,863,868 B1 and the filter candles used are catalytic filter candles such

that the filtration system may be used for hot gas filtration.

Differently structured filter systems for cleaning flue gases are known from
EP 0 600 440 A2 wherein a barrier filter module is used together with a sepa-
rate catalyst module. The raw gas is first passed through the barrier filter mo-

dule and then passed through the catalyst module.

Both types of catalytic filter systems are useful in flue gas treatment since
they provide at the same time particle separation and a catalytic gas phase re-

action in one unit.

However, the problem of such combined particle separation/catalytic gas
phase reaction devices is that in cases where high catalytic conversion rates

are required and have to be guaranteed for high inlet concentrations, the face
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velocity of the raw gas has to be reduced in order to increase the residence
time of the gas for the catalytic reaction in the catalytic element. This leads to
an increase of the number of filter elements in order to meet the required

throughput and correspondingly to an increase of the size of the filter system.

In order to cope with the challenge of the particle load of the raw gas, i.e., the
filtration action, such increase in size of the filter system typically would not be

necessary.

BRIEF SUMMARY OF THE INVENTION

The object of the present invention is to provide a catalytic filter system where
the face velocity may be determined by the filtration step and which is easily

adaptable to the various challenges of the catalytic gas phase reaction stage.

This object is met by a catalytic filter system with the features of claim 1.

Catalytic filter systems of the present invention have a filtration vessel with a
separation wall therein which at the same time separates the raw gas chamber
from a clean gas chamber and provides for accommodation of the plurality of

filter candles used.

Typically, the head space downstream of the filter candles which is necessary
for handling the filter candles upon mounting and/or replacement may be used
to accommodate a first catalytic medium which is separate from the filter can-

dles.

Therefore, the face velocity of the flue gas to be treated may be governed by
the filtering capacity of the filter candles, the number of which and the size of
which may be adapted to the specific filtration task. The catalytic stage, i.e.,
the capacity of the first catalytic medium downstream of the filter candles may
be easily adapted to the challenge posed by the contaminants of the flue gas

which are to be removed or converted in a catalytic gas phase reaction.



DETAILED DESCRIPTION OF THE INVENTION

In a preferred catalytic system according to the present invention, the filter

candles comprise a catalyst and serve as catalytic filter candles.

Thereby, the catalytic gas phase reaction may already occur in the filter can-
dles and the first catalytic medium downstream of the filter candles serves for
the conversion of the remaining contaminants of the clean gas up to the re-

quired level.

The filter candles used in the inventive catalytic filter system preferably com-

prise an outer filter membrane upstream of the filter element.

The filter membrane may preferably be selected of the fine-filtering type. Fine-
filtering type membranes are able to retain particles of a size down to less

than about 1 ym, e.g., about 0.5 pm.

The present invention provides an arrangement of the catalytic medium and
the filter candles in the same housing and nevertheless offers the flexibility to
adapt the filter system to numerous filtration application, e.g., in flue gas fil-
tration, and allows that both the filtration stage and the catalytic stage may be
kept at the same temperature with no need for a heating device to improve

the efficiency of the catalytic filter system.

Higher temperatures typically accelerate the reaction rate of the catalytic gas
phase reaction and are often wanted. According to the present invention,
gaseous fluids which enter the catalytic filter system at an elevated tempera-
ture essentially retain such temperature when they come into contact with the
first catalytic medium. Therefore, in many applications no heating system is

required in order to ensure satisfactory reaction rates.
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In some embodiments of the inventive catalytic filter system, the filter system
may further comprise a second catalytic medium downstream of the first
catalytic medium or even additional catalytic media downstream of the second

catalytic medium.

Preferably, the first and/or second catalytic media comprise a filter element
having an average pore size which is about equal or larger than the average

pore size of the filter candles.

According to another advantageous embodiment of the catalytic filter system
of the present invention, a blow back device is provided in fluid communication

with the clean gas chamber.

Preferably, the separation wall is oriented horizontally within the filtration ves-
sel so that the filter candles accommodated in the openings of the separation
wall are pending from the same wall into the raw gas chamber. Such an ar-
rangement enables the variation of the filtration capacity by inserting different
numbers of filter candles and/or filter candles of different length and thereby
allows the adjustment of the filter surface area and the filtration capacity of

the system to the specific requirements of varying applications.

In a further embodiment of the present invention, the catalytic filter system
comprises a first or second catalytic medium which is provided in the form of a
safety fuse. Safety fuse catalytic elements typically have a depth filter struc-
ture and serve as a safety measure in case a filter candle breaks. The safety
fuse catalytic element(s) then prohibit(s) the passage of non-filtered raw gas
into the clean gas chamber. Preferably, one safety fuse catalytic element is

provided for each of the filter candles.

The blow back device fluidly connected to the clean gas chamber is preferably

connected to the clean gas chamber upstream of the first catalytic medium.
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If the first catalytic medium should happen to include or be in the form of a
filter element, it is preferred to have the blow back device arranged such that
it is fluidly connected to the clean gas chamber downstream of the first cataly-

tic medium.

By operating the blow back device of such preferred catalytic filter system ac-
cording to the present invention, it is possible to regenerate at the same time
not only the filter element of the first catalytic medium, but also the filter can-

dles.

Upon feeding blow back gas via the blow back device into the filter system,
the raw gas inlet upstream of the filter candles may be operated as a blow

back gas outlet.

The filter system of the present invention typically will include a vessel com-
prising a vessel part which is detachable from the main body of the vessel at a
location downstream of the separation wall. More preferably, the detachable
vessel part is designed to accommodate the first and/or second catalytic medi-

um.

If the filter system comprises a blow back device, it is preferably accommodat-
ed in the main body of the vessel together with the separation wall and the fil-

ter candles.

The filter candles may have a porous body with a filtering membrane on the
upstream side. The porous body of the filter candles may in addition be impre-

gnated with a catalyst. The filter candles then serve as catalytic filter candles.

Non-catalytic filter candles as well as catalytic filter candles are preferably of a
hollow cylindrical shape. In some cases, the interior space of such filter can-
dles in addition may partially or completely be filled with a catalyst material,
especially in the form of a foam, fibers or granular particles, wherein the latter

may be provided as a fixed bed.



The type of catalytic elements used for the first, second and any further cata-
lytic medium may be selected from catalytic fixed bed, fiber mats, foamed

structures, tubular elements, plates and/or honeycomb structures.

The catalytic elements may comprise porous bodies impregnated with a cata-
lyst having an interior that forms a space for fluid flow. The space provided in
the interior of the element may additionally accommodate further catalyst ma-
terial. Thus, a catalytically impregnated porous body may have an interior
space partially or completely filled with a catalytically impregnated material of
a foam, granular particles or fibers. Typical examples are tubular elements or

cassette type elements.

Generally speaking, the catalytic elements forming part of a catalytic medium
may be of quite diverse structures, e.g., tubular, of a cassette type, plate

shaped, block shaped or in the form of a fiber mat.

Typical examples for catalytic elements used for the first, second and any fur-

ther catalytic medium are as follows:

- Catalytically impregnated safety fuses with a porous body made of sin-
tered ceramic granular particles and/or fibers or a foam and preferably
having an average pore size of about 10 to about 500 ym, more prefer-
ably about 50 to about 200 um. Preferably, one safety fuse is provided

per filter candle.

- Catalytically impregnated porous bodies made of a ceramic foam of
about 10 to about 60 ppi (pores per inch), more preferably about 30 to
about 45 ppi of sintered granular particles with an average particle size
from about 0.1 to about 100 um, more preferably about 0.3 to about
30 pm.
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- Catalytically impregnated porous bodies made of ceramic fibers with an
average fiber diameter of about 1 to about 50 um, more preferably
about 2 to about 10 um. The preferable average fiber length is in the
range of about 1 to about 20 mm.

- Fixed bed of catalyst particles having an average particle size of from
about 10 pm to about 30 mm, more preferably about 100 pm to about

10 mm.

The applications of the catalytic filter system of the present invention cover
hot gas filtration applications of various types where the removal of particu-
lates can be combined with catalytic gas phase reactions. It may further be
used for hot gas cleaning in coal and biomass gasification, in exhaust gas
cleaning of sinter plants and coak oven plants, in exhaust gas cleaning of
power plants and incinerators, refinery processes like in FCC (fluid catalytic

cracking) units or in chemical processes, in the cement industry etc.
Catalytic ceramic filter candles which are especially useful for providing the
plurality of filter candles accommodated in the separation wall are disclosed in
WO 2006/037387 Al and EP 2 017 003 Al.
The advantages of the present invention will be discussed in more detail in
connection with specific embodiments according to the attached drawings and
the examples.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

Figure 1 shows a schematic representation of a first catalytic filter

system according to the present invention;
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Figure 2 shows a schematic representation of a second catalytic filter

system according to the present invention;

Figure 3A and B show a detail of the catalytic media used in the second cata-

lytic filter system of Figure 2;

Figure 4 shows a schematic representation of a third catalytic filter

system according to the present invention;

Figure 5 shows a porous catalytic body used in the third filter system

of Figure 4 in more detail; and

Figure 6 shows a schematic representation of a fourth catalytic filter

system.

DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic representation of a catalytic filter system 10 of the
present invention which comprises a cylindrical vessel 12 the interior of which
is separated by a separator wall 14 into a raw gas chamber 16 and a clean gas

chamber 18.

Typically, the dimensions of the cylindrical vessel include a diameter in the
range of about 1 m to about 6 m or more and a height of about 4 m to about

24 m or more.

In order to access the interior of vessel 12 for maintenance or repair, the ves-
sel may be separable into a lower stationary and an upper removable part. Ve-
ry large vessels, however, typically will be provided with a closable opening

(not shown) in the vessel wall enclosing the clean gas chamber such that per-

sonnel may enter the vessel.
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The separation wall 14 has a plurality of openings 20 which receive a plurality
of filter candles 22. The filter candles 22 are accommodated in the separation
wall 14 with one of their ends such that their bodies are substantially vertically
pending from the separation wall into the raw gas chamber 16.

A raw gas inlet 24 is connected to the vessel 12 such that it directly communi-
cates with the raw gas chamber 16. The clean gas chamber 18 is in fluid com-

munication with a clean gas outlet 26.

Downstream of the plurality of filter candles 22, i.e., above the filter candles in
the clean gas chamber 18 a blow back device 28 is accommodated which is

used to create a reverse fluid flow in order to intermittently regenerate the fil-
ter candles 22. At the bottom of the vessel 12, a closable outlet 29 is provided

in order to allow intermittent removal of particulate matter from vessel 12.

Further downstream, i.e., above the blow back device 28, a first catalytic me-
dium 30 is provided in the clean gas chamber 18 which serves to remove ga-

seous contaminants in the clean gas fluid.

The filter candles 22 may be selected from conventional non-catalytic or cata-

lytic filter candles.

The face velocity can be increased to the maximum possible velocity deter-
mined by the filtration capacity of the filter candles 22. According to the conta-
minant load of the clean gas in a specific application the capacity of the cata-
lytic medium 30 is adjusted and/or catalytic filter candles are used instead of
non-catalytic filter candles. Thereby the desired conversion rate can be gua-

ranteed under all operating conditions.

The catalytic medium 30 in Figure 1 may be selected from a broad range of
catalytic media which may comprise safety fuses, porous bodies of ceramic
foam, porous bodies of sintered granular and/or fibrous particles, fixed bed
catalysts etc.
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Figure 2 shows another catalytic filter system 40 according to the present in-
vention comprising a cylindrical vessel 42 the interior of which is separated by

a separator wall 44 into a raw gas chamber 46 and a clean gas chamber 48.

The separator wall 44 has a plurality of openings 50 which are adapted to
sealingly accommodate filter candles 52 which depend from the horizontally
arranged separator wall 44 into the raw gas chamber 46. A raw gas inlet 54 is
provided at the lower portion of the vessel 42 and is arranged in fluid commu-

nication with the raw gas chamber 46.

In the upper portion, the vessel 42 comprises a clean gas outlet 56 which is in

fluid communication with the clean gas chamber 48.

On the downstream side of the separation wall 44, i.e., the upper portion of
the vessel 42, is desighed separable from the main body of the vessel 42 and
in the following referred to as the detachable vessel part 58. The detachable
vessel part 58 typically will accommodate the afore-mentioned clean gas out-
let 56 and provide space to accommodate the first catalytic medium (and any
further, if applicable) which according to the present invention is to be ar-

ranged downstream of the filter candles.

In the embodiment of the present invention schematically shown in Figure 2,
the first catalytic medium comprises three honeycomb catalytic elements 60,
61 and 62 which are exchangeably fixed in the upper detachable part 58 of the

vessel 42.

Although Figure 2 shows the catalytic elements 60, 61, 62 spaced apart from
one another, they may be in alternative embodiments likewise arranged in di-

rect contact with one another.

Each of the honeycomb catalytic elements may be composed of a plurality of

individual subunits which are assembled, e.g., in a common frame structure.
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Clean gas exiting the filter candles 52 and entering the clean gas chamber 48
will have to pass through the honeycomb elements 60, 61 and 62 of the first

catalytic medium prior to exiting the vessel 42 via the clean gas outlet 56.

The number of honeycomb elements may be adjusted to the pollution of the
raw gas such that the desired conversion of NOx is achieved in one pass of the

fluid gas through vessel 42.

Typical examples of honeycomb structures which may be used as catalytic
elements 60, 61 and 62 are shown in Figures 3A and 3B. From a comparison
of Figures 3A and 3B it is apparent that the honeycomb structure need not
necessarily have channels of hexagonal structure, but may also be of a diffe-
rent cross-sectional shape, e.g., square cross-section channels as shown in

Figure 3B.

The clean gas entering the clean gas chamber 48 passes through the nume-
rous channels 66, 68 in the honeycomb elements 60', 61', 62' and 60", 61",
62" in intimate contact with the catalyst supported by these honeycomb

structures.

As described in connection with the embodiment shown in Figure 1 already, it
is advantageous to have a blow back device 64 provided on the downstream

side of the filter candles 42 and still upstream of the honeycomb elements 60,
61 and 62 in order to provide a possibility to intermittently regenerate the fil-
ter candles by a reverse flow of gas. More preferably, the blow back device 64
is located in the main body of vessel 42 and not in the detachable part 58. At
its bottom, vessel 42 comprises a closable outlet 65 which serves for intermit-
tent removal of particulate matter released from the filter candles during an

operation of the blow back device 64.

Figure 4 shows another embodiment of the present invention in the form of a

catalytic filter system 80 comprising a vessel 82 which is separated by a hori-
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zontally oriented separation wall 84 into a raw gas chamber 86 and a clean
gas chamber 88. The vessel 82 may be of a cylindrical shape or of a rectangu-

lar shape.

The separation wall 84 has a plurality of openings 90 accommodating filter
candles 92 in a sealing manner such that the filter candles depend from the
separation plate 84 and extend into the raw gas chamber 86. A raw gas inlet
94 is provided at the lower portion of vessel 82 and is in direct communication

with the raw gas chamber 86.

At its upper portion, vessel 82 comprises a clean gas outlet 96 which is in

communication with the clean gas chamber 88.

As described already in connection with Figure 2, the vessel 82 is divided in
two portions which are detachable from one another, the upper, detachable
part 98 accommodating the first catalytic element and the clean gas outlet 96
downstream of the position in which the first catalytic element 100 is accom-
modated. In between the first catalytic element 100 and the separation wall
84, a blow back gas device 102 is provided which allows blowing back of a gas
through the filter candles 92 into the raw gas chamber 86 in order to intermit-

tently regenerate the same.

The particles removed from the filter candles 92 by blowing back are collected
in the lowermost portion 104 of the vessel 82 and are removed intermittently

through a closable outlet 105.

The raw gas inlet 94 may be operated as an outlet for the blow back gas.

The first catalytic medium 100 is composed of a plurality of catalytic elements
106 which are preferably hollow cylindrical bodies made of fibers, granular
particles and/or foam the structure of which is shown in more detail in Figure
5. In case the catalytic element 106 is to serve as a safety fuse, a structure

based on fibers and/or granular particles is preferred. The catalytic elements
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106 are preferably accommodated in a cylindrical wall 108 comprising a plura-
lity of openings 107 which accommodate the individual catalytic elements 106
in a sealing manner. The cylindrical wall 108 is closed at its top portion 110

and open at its lower end which is in direct fluid communication with the clean

gas chamber 88.

The lower end of the cylindrical wall 108 is in addition sealingly connected to
the wall of the upper detachable vessel part 98 such that clean gas exiting
from the filter elements 92 and entering the clean gas chamber 88 will have to
pass through the individual catalytic elements 106 accommodated in the cylin-
drical wall 108 prior to exiting the system 80 via the clean gas outlet 96. The
cylindrical wall 108 thereby separates the clean gas chamber 88 into compart-
ments, one being upstream of the catalytic medium 100 and its catalytic ele-
ments 106 and the other one being downstream of the catalytic element 100.
The outer diameter of the cylindrical wall 108 is somewhat smaller than the
inner diameter of the upper detachable part 98 of the vessel 82 in order not to
obstruct the fluid flow from the catalytic elements 106 into the surrounding
volume of the wall 108 which is in fluid connection with the clean gas outlet
96.

The vessel 82 may be of a rectangular cross-section. The wall 108 accommo-
dating the catalytic elements 106 of the first catalytic medium 100 will then

typically also be designed to enclose a rectangular space.

The catalytic elements 106 may be of a cassette type structure with a lower

and an upper flat porous wall. While the side faces may be impervious to clean
gas in one embodiment, in other embodiments the side walls may be made of
the same material as the lower and upper walls. One side wall will comprise an

opening matching an opening 107 in the wall 108.

Figure 5 shows in detail one of the catalytic elements 106 accommodated in
the wall 108. The catalytic element 106 has a cylindrical body 112 which is
closed at one end thereof by a sealing bottom plate 114. The sealing bottom
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plate 114 of the cylindrical catalytic element 106 could be fluid-impervious or
could be made of the same material as the cylindrical wall 112 and thereby in
addition contribute to the catalytic conversion of contaminants still contained

in the clean gas entering the catalytic element 106.

The opposite end of the cylindrical body 112 is open and connected to the wall
108 such that the corresponding opening 107 in the wall 108 allows the clean

gas exiting the catalytic element 106 and leaving the system via the clean gas
outlet 96.

A further embodiment of the present invention is shown in Figure 6 where a
catalytic filter system 120 comprises a vessel 122 which is of substantially cy-
lindrical shape.

The vessel 122 is separated by a separator wall 124 into a raw gas chamber

126 and a clean gas chamber 128.

The separation wall 124 comprises a plurality of openings 130 which are de-
signed to sealingly accommodate cylindrical filter candles 132 which are in-
serted into the openings 130 and depend from the separation wall 124 into the

raw gas chamber 126.

The vessel 122 further comprises a raw gas inlet 134 which is in direct fluid

communication with the raw gas chamber 126.

On its upper portion, the vessel 122 comprises a clean gas outlet 136 which is

in fluid communication with the clean gas chamber 128.

The clean gas chamber accommodates a first catalytic medium 138 and op-

tionally a second catalytic medium 139.

Again, the vessel 122 is advantageously separated into a detachable part and
a main part, the upper, detachable part 140 accommodating the clean gas
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outlet 136 and the first catalytic medium 138 and the optional second catalytic

medium 139.

The first catalytic medium 138 may be in the form of a fixed bed. Alternative-
ly, it can be composed of block-shaped ceramic foam elements or of fiber

mats.

The second catalytic medium 139 may have, e.g., a honeycomb structure im-
pregnated with a catalyst. The catalyst may be different from the catalyst of
the first catalytic medium 138 in order to support removal of a further conta-

minant from the clean gas.

After passing through the catalytic media 138 and 139, the clean gas exits the
system 120 through the clean gas outlet 136.

Furthermore, the vessel 122 includes in its main part a blow back device 142
which serves the same purpose as the blow back devices of the previously
discussed embodiments of Figures 1, 2 and 4. Particulate matter may be re-
moved intermittently from the bottom of vessel 122 through a closable outlet
143.

The upper detachable part 140 of the vessel 122 is attached to the main part
of the vessel 122 via radially outwardly extending flanges 144, 146 which al-
low to sealingly mount the detachable part 140 on the main part of vessel
122.

In all embodiments of the afore-discussed Figures, the flue gas passes with an
essentially unchanged temperature through the filter elements from the raw
gas chamber into the clean gas chamber and then passes through the first ca-

talytic medium.
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Because of this, the temperature of the catalytic medium is heated up to about
the same temperature as the temperature of the flue gas when entering the

vessel without the need of having a heating device provided.

Thereby a high catalytic activity of the catalytic medium can be provided.

In order to additionally increase the catalytic conversion, the filter candles ac-
commodated in the separator walls of any one of the embodiments discussed
above may be provided as catalytic filter candles, i.e., the filter candles alrea-

dy comprise a deposited catalyst in their filter element structure.

Likewise, the first catalytic medium may be supplemented by a second or even

further catalytic medium, as need may be.

Since it is advantageous in various respects to position the vessel of the cata-
lytic filter system with a vertical orientation of its main axis, all of the embodi-
ments described make use of such orientation. It is to be noted, however, that
the inventive filter system may of course likewise be operated with a horizon-

tal orientation of the main axis of the vessel.

Reference Example

In this Reference Example, a catalytic filter system was used as shown in Fi-
gure 1 where the filter candles were conventional DeNOxCatFil catalytic filter
elements generally available on the market from Pall Filtersystems GmbH. The
catalytic medium 30, however, was omitted. The dimensions of these filter
elements were: an outer diameter of 60 mm and a length of about 1515 mm.
The composition of the filter candles well as their manufacturing process has
been described in Example 1 of WO 2006/037387 Al which is incorporated

herewith by reference in its entirety.



-17 -

These filter elements are used in a typical DeNOx application where the NO
inlet concentration amounts to about 300 ppmV and a NO conversion of about
90% is required.

The face velocity at the catalytic filter elements has to be limited to 60 m/h in
order to achieve the required NO conversion. Roughly 1,500 of the above-spe-
cified catalytic filter elements will have to be used under typical operating con-
ditions of 300 °C for a guaranteed conversion of the NO contents of about

90% during a three years' period.

If the diameter of the vessel of the catalytic filter system has to be reduced,
e.g., for cost reasons, the number of catalytic filter elements may be reduced
to 1,000. If the volume flow rate is kept constant, a face velocity of 90 m/h
results. At a temperature of 300 °C, an NO conversion of only about 80% may

be guaranteed for a three years' period in such case.

Example 1

The catalytic filter system according to Example 1 of the present invention
uses the same DeNOxCatFil catalytic filter elements as in the Reference
Example. The number of catalytic filter elements was 1,000 to reduce the

vessel costs and the face velocity was set to 90 m/h.

In order to increase the NO conversion rate from about 80% to about 90%
which can be guaranteed over three years, a number of 1,000 tubular catalytic
elements 106 of the dimensions (outer/inner diameter x length) 60/44 x 1000
mm is used in addition as a first catalytic medium 100 downstream of the
DeNOxCatFil filter candles 92 which may be installed as schematically shown
in the embodiment of Figures 4 and 5.

For the preparation of a body of such a catalytic porous element 106 a hollow
cylindrical element of the dimensions 60/44 x 1000 mm made of SiC granular
particles with an average diameter of from about 550 pm to about 750 ym
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and SiO,-Al,05 based fibres with a thickness of about 2 to about 3 pm and a
length in the range of about 1 to about 5 mm are used with a mass ratio of

granular particles to fibers of about 40:1 to about 50:1.

For sintering this mixture of granular particles and fibers under atmospheric
conditions 16.4 % by weight of a sintering aid, based on the mass of the mix-

ture were added to the same. An exemplary sintering aid is clay.

Catalytic activation of the sintered element body with an average pore size of
150 £ 20 pum and a pore volume of 42 5 volume % is performed by means of
the incipient wetness technique by using an SCR (selective catalytic reduction)
catalyst of the composition TiO,-V,05-WO; (cf. Example 1 of WO 2006/037387
Al). The weight % of deposited TiO, in a first step in relation to the sintered
mass of the element body by use of a suspension of TiO, powder with a BET

surface of about 50 m? is about 1.5.

The appropriate amounts of V,.0s and W05 deposited in a common subsequent

step are about 0.3% by weight and about 2% by weight, respectively.

The volumetric flow rate corresponding to a face velocity of 90 m/h of the raw
gas results in a face velocity of 130 m/h of the clean gas when passing
through the catalytic elements of the first catalytic medium because of their

smaller surface area as compared to the surface area of the filter candles 92.

The NO conversion rate provided by these catalytic elements when used as a
first catalytic medium 100 at 300 °C and a face velocity of 130 m/h amounts
to about 60%, if an NH3/NO ratio of 1 and an O, content of 3 volume % is ad-

justed.

The combined conversion rates of the catalytic filter elements 92 and the cata-
lytic elements 106 amount to about 90% and can be guaranteed over a time

period of three years.
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Example 2

Example 2 is based on the use of a catalytic filter system as described in the
Reference Example, where the number of catalytic filter elements has been li-

mited to 1,000 and the face velocity is set to 90 m/h.

In order to increase the NO conversion rate to 90 %, which can be guaranteed
over three years, a number of 4,300 tubular catalytic ceramic foam elements
of the 30 ppi (pore per inch) type and the dimension 40/10 x 500 mm as a
first catalytic medium 100 downstream of the DeNOxCatFil elements may be
installed as shown in Figures 4 and 5. Thereby a face velocity of the clean gas

when entering the first catalytic medium 100 of 90 m/h is obtained.

For the preparation of the appropriate catalytic ceramic foam elements of the
dimension 40/10 x 500 mm an Al,O3 based tubular ceramic foam body of 30
ppi is catalytically activated with an SCR catalyst of the composition TiO,-V,0s-
WOs; by using a wet impregnated technique followed by complete infrared dry-
ing. The wet impregnation technique is similar to the two-step impregnation
process described in Example 1 of WO 2006/037387 Al, while the paraffin
wax coating step was omitted. The amount of deposited TiO, on the Al,O;
based ceramic foam body by use of a suspension of TiO, powder with a BET
surface of 50 m? is 0.7 % by weight in relation to the mass of the ceramic
foam body. After complete infrared drying in deviation to the procedure of the
afore-referenced Example 1, a thermal treatment step at 300 °C for 5 h was
performed. The loading amounts of V,0s and WOs5 are 0.7 and 1.2 % by

weight, respectively.

The NO conversion of such a tubular catalytic ceramic foam element used as
first catalytic medium 100 at 300°C and a face velocity of 90 m/h amounts to

60%, if an NH3/NO ratio of 1 and an O, content of 3 volume % is provided.
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The combined conversion rates of the catalytic filter elements and the first ca-
talytic medium amounts to about 90% and can be guaranteed for a time

period of three years.

The size of the vessel of the filter system and correspondingly the costs of the
system may be reduced, because of the number of filter candles limited to
1,000 and the additional 4,300 catalytic elements. The higher the number of
filter candles to be used, the larger the diameter of the vessel needs to be

which tremendously increases the costs for providing the filter vessel.

On the other hand, when the height of the filter vessel needs to be increased
in order to increase the volume of the clean gas chamber to accomodate a fur-

ther catalytic medium, the increase in costs is relatively low.

Example 3

Example 3 demonstrates the use of the catalytic filter system of the present
invention in a tar reforming process. In the catalytic filter system of Figure 4,
catalytic filter candles 92 for the combined particle separation and catalytic tar

reforming were used instead of the DeNOxCatFil candles.

A volume flow of 3,100 Nm’/h model biomass gasification gas containing
5 g/Nm’ naphthalene as tar model compound was fed in the system at 850°C

under atmospheric pressure.

The model biomass gasification gas contains 50 vol% N;, 12 vol% CO,
10 vol% H,, 11 vol% CO,, 5 vol% CH4 and 12 vol% H-,0 in this case.

A conversion of 60% is achieved with a number of 660 Al,O; based grain-sin-
tered tar reforming catalytic filter elements of the dimensions 60/40 x

1,500 mm at a face velocity of 72 m/h in the presence of 100 ppmV H,S.
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The catalytic filter elements were prepared according to the teaching of
Example 1 of US 2009/0019770 A1l with the following adaptations:

SiC grains are substituted by alumina particles of equal size.

The mullite membrane is substituted by a comparable membrane of alumina.

In the first impregnation step, the MgO-Al,Os loading is reduced from 0.9% by
weight to 0.8% by weight.

In the second impregnation step, an appropriate Ni nitrate hexahydrate solu-
tion was used to produce a Ni oxide loading of 60% by weight in relation to

the loading mass of MgO-Al,Os.

US 2009/0019770 A1l is encorporated herein by reference in its entirety.

In order to increase the naphthalene conversion from 60% up to about 90% at
850 °C under the above conditions, according to the present invention a ca-
talytic medium in the form of tubular catalytic ceramic foam elements of

45 ppi as first catalytic medium 100 and of the dimension 40/20 x 500 mm
may be used downstream of the tar reforming catalytic filter candles 92 as

shown in Fig. 4 and 5.

The body of such catalytic ceramic foam elements is prepared by catalytic acti-
vation of an Al,O3 based ceramic foam body of the 45 ppi type using a wet im-
pregnation technique followed by complete infrared drying similar to the pro-
cess described in Example 1 of US 2009/0019770 A1, while the two paraffin
wax coating steps were omitted. A MgO-AIl,O3; and NiO loading of 6.2 wt% and
3.7 wt%, respectively, in relation to the mass of the ceramic foam are deposit-

ed in two subsequent steps.

The use of a number of 1,200 catalytic ceramic foam elements results in a

face velocity of 170 m/h. At 850°C, a naphthalene conversion of 70% for this
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catalytic medium downstream of the grain-sintered catalytic filter candles is

obtained.

In total, a naphthalene conversion of 88% is achieved under these conditions

and would allow a higher syngas and hydrogen yield in biomass gasification.

The present invention obtains for the first time conversion rates as high as

about 90% under the above-described conditions.

Further improvements may be obtained by partially or completely filling the
interior space of the catalytic filter candles with additional catalyst material.

Thereby, an even higher conversion rate is possible.

Additionally or alternatively, the number of catalytic filter elements may be
reduced, thus allowing a reduced diameter of the vessel of the catalytic filter
system. Because of the high operating temperature, the savings obtained by

reducing the diameter of the vessel are very high.

As a further alternative, the number of tubular catalytic ceramic foam ele-

ments may be reduced.
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Claims

A catalytic filter system (10; 120) comprising a filtration vessel (12; 122)
having a fluid inlet (24; 134) and a fluid outlet (26; 136), a separation wall
(14; 124) provided in the interior of said filtration vessel (12; 122) and a
plurality of filter candles (22; 132);

wherein said separation wall (14; 124) divides said interior into a raw gas
chamber (16; 126) and a clean gas chamber (18; 128);

wherein said separation wall (14; 124) comprises a plurality of openings
(20; 130) designed to sealingly accommodate said plurality of filter
candles (22; 132);

wherein said fluid inlet (24; 134) is arranged in fluid communication with
said raw gas chamber (16; 126) upstream of said plurality of filter candles
(22; 132);

wherein said fluid outlet (26; 136) is arranged in fluid communication with
said clean gas chamber (18; 128) downstream of said plurality of filter
candles (22); and wherein said filter system (10; 120) comprises a first
catalytic medium (30; 138) which is accommodated in said clean gas
chamber (18; 128) downstream of said filter candles (22; 132) and
upstream of said fluid outlet (26; 136),

characterized in that said system (10; 120) optionally further comprises a
second catalytic medium (139) downstream of said first catalytic medium
(138) and upstream of said clean gas outlet (136), and in that said first
and/or second catalytic medium (30; 138; 139) comprises a filter element
the average pore size of which being about equal to or larger than the
average pore size of the filter candles (22; 132).

The catalytic filter system of claim 1, wherein said filter candles (22; 132)

comprise a catalyst.

The catalytic filter system of claim 1 or 2, wherein said filter candles (22;

132) comprise an outer filter membrane upstream of the filter element.
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The catalytic filter system of any one of claims 1 to 3, wherein said
plurality of filter candles (22; 132) are pending from said separation wall
(14; 124) and extending from the separation wall (14; 124) into the raw
gas chamber (18; 128).

The catalytic filter system of any one of claims 1 to 4, wherein the first
and/or second catalytic medium (30; 138; 139) is provided in the form of

a safety fuse.

The catalytic filter system of any one of claims 1 to 5, further comprising a
blow back device (28; 142) accommodated in said clean gas chamber (18;
128).

The catalytic filter system of claim 6, wherein said blow back device (28;
142) is positioned in the clean gas chamber (18; 128) upstream of the first
catalytic medium(30; 138).

The catalytic filter system of any one of claims 1 to 7, wherein the vessel
(122) includes a detachable upper housing part (140) which is connected
to the lower main part of the vessel downstream of the separation wall
(124).

The catalytic filter system of claim 8, wherein said detachable housing part
(140) is designed to accommodate the first and/or second catalytic
medium (138; 139).

The catalytic filter system of any one of claims 1 to 9, wherein the first
catalytic medium (30; 138) and the optional second (139) and any further
catalytic medium comprises a catalytic element in the form of a catalytic
fixed bed, a fiber mat, a foamed structure and/or a honeycomb structure.





