
  
 
 

 

 

Catalytic Filter Module and Catalytic Filter System Comprising Same 

 

 

  FIELD OF THE INVENTION 

 

The invention relates to a catalytic filter module and a catalytic filter system 

comprising the same. Catalytic filter modules and catalytic filter systems of 

the present invention are often used for a combined particle removal and cata-

lytic removal of gaseous components in gaseous fluids. One example for such 

an application is a combined removal of particles and nitrogen oxides from flue 

or exhaust gases. 

 

 

BACKGROUND OF THE INVENTION 

 

A filter system for cleaning flue gas is known from U.S. patent US 5,318,755 A 

wherein a barrier filter element of a honey-comb structure is accommodated in 

a housing together with a separate catalyst element. The raw gas is first 

passed through the barrier filter element into a clean gas space and then 

passed from the clean gas space through the catalyst element which likewise 

is of a honey-comb structure. The catalyst element is substantially coextensive 

with the filter element. Clean gas is subsequently discharged from the housing 

in a direction substantially parallel to the flow direction within the filter ele-

ment and the catalytic element. 

 

Catalytic filter modules in the form of cylindrical filter candles and a filtration 

system comprising same within a filter vessel has been proposed in the U.S. 

patent US 6,863,868 B1 for hot gas filtration. The filter candles have a unitary 

porous body of sintered particles, said particles being coated with a catalytic 

layer on their surfaces. The upstream or feed surface of the filter candles is 

covered by a porous membrane retaining fines. Clean gas accumulates within 
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the filter candles and is withdrawn therefrom into a common clean gas space 

from where it is discharged from the vessel of the system. 

 

The prior art catalytic filter modules in the form of cylindrical unitary filter can-

dles are typically made of ceramic materials. Conventional catalytic ceramic 

filter candles have a length of typically 2 or sometimes even 3 m which, be-

cause of the mechanical properties of the sintered ceramic material and the 

mechanical stress during operation of the filter systems cannot be further in-

creased. Therefore, the filter area of the individual candles is limited, and for 

treating higher volume flow rates thousands or ten thousands of filter candles 

are necessary. Very big filter vessels or several vessels to be operated in par-

allel are needed in order to accommodate such a large number of catalytic fil-

ter candles.  

 

However, the volume flow rates in hot gas filtration applications may range up 

to about 1 million m3/h or more which are too high for the use of such conven-

tional catalytic ceramic filter candles. 

 

 

BRIEF SUMMARY OF THE INVENTION 

 

The object of the present invention is to provide a filter module which may be 

incorporated with a high packing density in a filter system. 

 

This problem is solved by a filter module according to claim 1. 

 

The inventive catalytic filter modules provide a high filter area per volume and 

may be easily packed with high densities in a filter system. Therefore, the in-

ventive catalytic filter modules provide a solution for very high volume flow 

rates while the filter vessel accommodating the modules still has an economi-

cally reasonable size. 
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The catalytic filter modules and systems comprising same may be advantage-

ously used in classical hot gas filtrations. Further fields of application are bio-

mass gasification, exhaust gas cleaning of sinter plants and coke oven plants, 

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. 

 

 

DETAILED DESCRIPTION OF THE INVENTION 

 

The inventive catalytic filter modules comprise a block-shaped filter element, a 

catalytic element and a clean gas collecting and discharge arrangement. 

 

The filter element and the catalytic element are substantially co-extensive with 

one another. The filter element receives the feed gas (e.g., flue or hot gas) at 

its upstream or feed face. On the opposite surface of the block-shaped body of 

the filter element (in the following the filtrate side or discharge face) filtrate 

exits to be received by the upstream face of the catalytic element.  

 

The catalytic element may be arranged at the filtrate side of the filter element 

with a small gap in between the filter element and the catalytic element. In 

other preferred embodiments the catalytic element is positioned in direct con-

tact with the filter element and directly receives the filtrate for catalytic treat-

ment of gaseous components still comprised within the filtrate gas.  

 

Clean gas exits the catalytic element at its clean gas face. The flow direction of 

the gas when passing through the filter element and the catalytic element is 

substantially uniform and linear. 

 

The clean gas collecting and discharge arrangement extends substantially 

across the whole clean gas face of the catalytic element and receives the clean 

gas flow therefrom. The clean gas collecting and discharge arrangement de-

flects and directs the clean gas flow transverse to the vertical of the clean gas 
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face of the catalytic element. The clean gas exits the inventive module through 

an opening at a side face thereof. 

 

Because of such design, the filter element, the catalytic element and the clean 

gas collecting and discharge arrangement can be provided in a very compact 

structure and mounted in a high number per volume within a housing or a 

vessel of a catalytic filter system. 

 

The filter element of the inventive catalytic filter module may be selected from 

different designs according to the challenges of a specific filtration application. 

 

Typical designs include membranes, films, sheets, discs and honeycomb struc-

tured elements. 

 

Preferably, the filter elements are made of sintered ceramic, metal or plastic 

material. 

 

The filter element may be designed as a unitary structure or a plurality of sub-

units attached to one another by gluing, welding or sintering or by accommo-

dating the subunits in a common frame. 

 

Filter elements of a honey-comb structure are preferred when a high filtration 

area is needed. Honey-comb structured filter elements typically have a plurali-

ty of raw gas ducts and filtrate ducts arranged coextensive and in parallel, the 

raw gas ducts being open at the raw gas side or feed face of the filter element 

and closed at the filtrate side or discharge face thereof. The filtrate ducts are 

closed at the raw gas side of the filter element and open at the filtrate side. 

The raw gas ducts and the filtrate ducts are separated from one another by 

porous tubular wall parts. 

 

The preferable axial length of the tubular wall parts of the filter elements ran-

ges from about 10 mm to about 300 mm, more preferably from about 30 mm 

to about 200 mm, most preferably from about 50 mm to about 150 mm. The 
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preferable axial length of the tubular wall parts allows an efficient discharge of 

particulate matter from the filter elements during back-pulsing even when the 

longitudinal axis of the filter elements is in a horizontal orientation. 

 

The number of filter elements per 10 cm2 cross-section of the feed side of a 

unit preferably ranges from about 1 to about 100, more preferably from 2 to 

about 10. Typically, the same number of clean gas ducts is provided per 10 

cm2 cross-sectional area. 

 

The tubular wall parts have cross-sectional areas corresponding to the area of 

a square with an edge length of about 3 mm to about 20 mm, preferable of 

about 5 mm to about 10 mm. Corresponding cross-sectional areas are also 

preferable for filter elements designed with other rectangular, oval or circular 

cross-sections. 

 

The average porosity of the tubular wall parts and optionally of the closed 

ends of the raw gas ducts and/or the clean gas ducts is in the range of about 

25 to about 90 % by volume. 

 

In order to allow regeneration of the filter element while it is accommodated in 

the filter vessel of a filter system gas back pulses are applied which detach 

and remove the particulate matter collected within the raw gas ducts during 

filtration operation. 

 

The inventive catalytic filter modules are typically accommodated in the hous-

ing of a catalytic filter system with the raw gas sides of the filter elements ori-

ented vertically. 

 

An orientation of the raw gas ducts of the filter elements perpendicular to the 

raw gas side thereof already allows an effective back pulsing and removal of 

the particulate matter from the raw gas ducts. The efficiency of particulate re-

moval from the raw gas ducts during back-pulsing may be further improved by 

orienting the raw gas ducts (and likewise the filtrate ducts) in a slanted orien-
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tation. The angle between the longitudinal axis of the raw gas ducts and the 

vertical of the feed face is preferably in the range from about 10° to about 

60°, preferably from about 30° to about 60°, the lowermost part of the raw 

gas ducts being their open ends. 

 

The preferred pore size of the filter elements ranges from about 0.1 µm to 

about 150 µm, more preferably from about 1 µm to about 100 µm, most pre-

ferably form about 2 µm to about 10 µm. In some embodiments the filter ele-

ments are designed for fine-filtering and are able to retain particles of a size 

down to less than about 1 µm, e.g., about 0.5 µm.  

 

The catalytic element according to a first preferred embodiment of the present 

invention has a compartment which accommodates catalytic particulate matter 

in the form of a fluidized bed or a fixed bed. 

 

Fluidized bed or fixed bed catalyst particles preferably have an average par-

ticle size of from about 10 µm to about 30 mm, more preferably from about 

100 µm to about 10 mm. 

 

In a second preferred embodiment the catalytic element comprises a body 

made of sintered grains and/or a fibrous material or a foam material. The ca-

talytic element may be made of ceramic or metal materials. In some cases the 

ceramic or metal material may have a catalytic activity per se sufficient for a 

specific application or incorporate a catalyst, optionally a catalyst may be ap-

plied to the body of the catalytic element, e.g., by impregnating or coating the 

body of the catalytic element. 

 

Generally speaking, the catalytic element may be of quite diverse structures, 

e.g., a honeycomb structure, a cassette type, disc- or plate-shaped, or in the 

form of a fiber mat. The catalytic element may have a unitary structure or be 

composed of several sub-units. 
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The body of the catalytic element preferably has a honeycomb structure. The 

honeycomb structure may have a similar design as the honeycomb structure 

explained in connection with the detailed description of the filter element. 

However, typically the ducts of the honeycomb structure of a catalytic element 

are open at both ends thereof in contrast to the ducts of a filter element which 

have one end closed. 

 

The advantage of this second preferred embodiment over the first preferred 

embodiment is that such catalytic element may be designed with a lower delta 

p and a more homogeneous distribution of the catalytically active components. 

 

The lower pressure drop across the catalytic element provides for more effec-

tive back-pulsing during regeneration of the filter modules. 

 

Preferably, the pore size of the catalytic element is made larger than the pore 

size of the filter element. Therefore, the catalytic element does not contribute 

noticeable to the filter effect of the filter module, i.e., it is more or less not ac-

tively involved in separating particulate matter from the feed gas. 

 

An average pore size of a preferred catalytic element ranges from about 10 to 

about 500 µm, more preferably from about 50 to about 200 µm. 

 

Preferred catalytic elements made of ceramic foam may be characterized by a 

pore density of about 10 to about 60 ppi (pores per inch), more preferably of 

about 30 to 45 ppi. The ceramic foam is preferably made of sintered particles 

with an average particle size of from about 0.1 to about 100 µm, more prefer-

ably of about 0.3 to about 30 µm. 

 

Catalytic elements in the form of porous bodies made of ceramic fibers are 

preferred where the fibers have an average fiber diameter of about 1 to 

50 µm, more preferably about 2 to 10 µm. The preferable fiber length is in the 

range of from about 1 to about 20 mm. 
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The catalytic elements used in the catalytic filter modules of the present in-

vention may be provided at their upstream surface with a safety filter layer. 

The catalytic elements then in addition have the function of a safety fuse. 

 

The catalytic filter module may be designed with different and also combined 

catalytic activities in order to make them comply with the requirements of a 

specific application. Typical catalytic activities are, e.g., redox reactions, NO 

reduction or tar removal. 

 

Depending on the application the filter module of the present invention may be 

equipped with a second catalytic element providing for a catalytic activity dif-

ferent from the catalytic activity of the first catalytic element. 

 

The clean gas collecting and discharge arrangement may be designed with one 

or more parallel channels. Preferably a channel of the has a height, measured 

as the clearance in the direction of the vertical of the clean gas face of the ca-

talytic element, in the range of from about 0.1 to about 0.7 times, preferably 

about 0.3 to about 0.5 times the distance of the feed face of the filter element 

from the clean gas face of the catalytic element. 

 

In accordance with still another aspect of the present invention the filter mo-

dule may comprise a first set of a block-shaped filter element and a catalytic 

element and a second set of a block-shaped filter element and a catalytic ele-

ment, the first and second sets being arranged spaced apart from one another 

and the clean gas faces of the respective catalytic elements oriented back-to-

back, said clean gas collecting and discharge arrangement being positioned in 

between the first and second sets receiving clean gas from the clean gas faces 

of the catalytic elements of the first and second sets and serves both sets. 

Preferably, the one or more channels of the clean gas collecting and discharge 

arrangement have a height, measured as the clearance in the direction of the 

vertical of the clean gas faces of the sets, in the range of from about 0.2 to 

about 1.4 times, more preferably about 0.6 to about 1 times the distance of 
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the feed face of the filter element from the clean gas face of the catalytic ele-

ment of one set. 

 

According to still another aspect of the present invention the channel of the 

clean gas collecting and discharge arrangement is oriented with its longitudinal 

direction in an angle of about 30° or more, preferably of about 60° or more, 

more preferably of about 90° to the clean gas face of the catalytic element of 

the filter module. 

 

This angle of deflection is defined in a preferred embodiment by the orienta-

tion of a wall or walls of the channel(s) of the clean gas collecting and dis-

charge arrangement extending across the discharge side of the block-shaped 

unit(s) of the filter module. 

 

Preferably, the sets of filter elements and catalytic elements in a back-to-back 

arrangement are provided with their discharge faces in a parallel orientation. 

The angle of deflection of the clean gas exiting the clean gas ducts is then 

about 90°. 

 

However, the block-shaped units in a back-to-back arrangement may have 

their discharge side surfaces arranged diverting from the parallel orientation. 

However, the deflecting angle for the clean gas exiting the clean gas ducts is 

preferably about 30° or more, more preferably about 60° or more. 

 

Preferred inventive catalytic filter modules are designed as a catalytic filter 

candle of rectangular cross-section which may be positioned in a vessel of a 

filter system depending from a tube sheet similar to the conventional cylindri-

cal filter candles. 

 

The filter module may be made of a filter element comprising several sub-

units assembled by gluing, sintering or welding the sub-units together or by 

accommodating the sub-units in a common frame.  The catalytic element may 

consist of a unitary element serving for all sub-units of the filter element or of 
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several sub-units, e.g., one sub-unit of the catalytic element serving for four 

sub-units of the filter element or the sub-units of the catalytic element corres-

ponding in number to the number of sub-units constituting the filter element. 

 

The filter modules of the present invention may furthermore include a framing 

at the side faces thereof, facilitating the mounting of the filter modules in a 

housing. 

 

The invention, furthermore, refers to a catalytic filter system which incorpo-

rates one or more catalytic filter modules in a housing as explained above. 

 

Said housing comprises an interior space separated into a raw gas and a clean 

gas chamber. The filter module(s) are arranged within said interior space, the 

feed face(s) of the filter element(s) oriented substantially vertical and in fluid 

communication with the raw gas chamber. The clean gas discharge opening(s) 

of the filter module(s) are in fluid communication with the clean gas chamber 

of the housing. Optionally, the system comprises a back-pulse arrangement. 

 

Preferably, the housing comprises a tube sheet separating the interior of the 

housing into the raw gas and the clean gas chamber, said tube sheet compris-

ing openings accommodating the one or more filter modules, preferably in 

parallel orientation to one another. 

 

According to a preferred embodiment of the system, the filter modules are ac-

commodated in the housing with a parallel orientation of the feed sides, optio-

nally the feed side of one filter module facing the clean gas side of an adjacent 

module, the filter modules being preferably arranged in a staggered configura-

tion. 

 

According to a further preferred embodiment of the system, the filter modules 

are accommodated in the housing with a parallel orientation of their feed 

sides, the feed sides of one module facing the feed side of an adjacent mod-
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ule, preferably the system further includes partition plates positioned in be-

tween two adjacent filter modules. 

 

According to still another preferred embodiment of the system, two or more 

filter modules are mounted in a common rack and preferably having their 

clean gas collecting and discharge arrangements fluidly connected to one an-

other. Preferably the system comprises a clean gas discharge channel into 

which the discharge ends of the clean gas collecting and discharge arrange-

ments substantially directly feed the clean gas via the clean gas openings of 

the filter modules. 

 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

 

Figure 1A shows a catalytic filter module according to a first embodi-

ment of the present invention; 

 

Figure 1B shows the catalytic filter module of Figure 1A equipped with 

a safety fuse function; 

 

Figure 2 shows a catalytic filter module according to a second embo-

diment of the present invention; 

 

Figure 3 shows a catalytic module according to a third embodiment of 

the present invention; 

 

Figures 4A to 4C show in a schematic representation a first embodiment of a 

catalytic filter system incorporating catalytic filter modules 

according to the present invention and details thereof; and 

 

Figures 5A to 5C show, in a schematic representation, a second embodiment 

of a catalytic filter system incorporating catalytic filter mo-

dules according to the present invention, and details thereof. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

 

Figure 1A shows a catalytic filter module 10 according to the present invention 

including a catalytic filter element 12 in a block-shaped design, a catalytic ele-

ment 14 and a clean gas collecting and discharge arrangement 16. 

 

The block-shaped filter element 12 and the catalytic element 14 are designed 

substantially co-extensive with one another and are arranged side by side, 

preferably in direct contact with one another, so as to feed the filtrate exiting 

the filter element 12 directly into the catalytic element 14. 

 

On the clean gas side of the catalytic element 14 the clean gas collecting and 

discharge arrangement 16 is provided in a structure substantially coextensive 

with the clean gas or downstream side of the catalytic element 14. 

 

The clean gas collecting and discharge arrangement 16 includes a box-shaped 

channel 18 which opens at the front side 19 of the filter module 10 with an 

opening 20, e.g., to a clean gas chamber of a catalytic filter system (not 

shown in Figure 1A). 

 

The filter element 12 may have various designs and will be selected according 

to the particle load and to the nature of the particles to be removed from a 

raw gas. 

 

In the following description the invention is explained in connection with a pre-

ferred and specific filter element 12 with a so-called honeycomb structure, but 

of course the invention is not limited to such specific type of filter element. 

 

The filter element 12 of the catalytic filter module 10 essentially consists of 

one unit 22 comprising a plurality of raw gas ducts 24 having a longitudinal, 

porous tubular wall part 26 with an open end 28 and a closed second end 30. 



 
 
 
 
 - 13 - 
 
 

The tubular wall parts 26 have a square cross-section and are arranged in a 

checkerboard pattern together with a plurality of filtrate ducts 32 which are 

substantially coextensive with, oriented parallel to and regularly interposed 

between the raw gas ducts 24. The filtrate ducts 32 are open at one end 34 

and closed at the other end 36 thereof. The open ends 28 of the raw gas ducts 

24 and the closed ends 36 of the filtrate ducts 32 form a first checkerboard 

pattern on the upstream or feed face 38 of the filter element 12. A checker-

board pattern of closed ends 30 of the raw gas ducts 24 and the open ends 34 

of the filtrate ducts 32 is provided on the opposite side or discharge face 40 of 

the unit 22. The tubular wall parts 26 of the raw gas ducts 24 are of a porous 

material, e.g., sintered ceramic material, sintered metallic material or a sin-

tered polymer material with a certain pore size. The wall parts 26 at the same 

time delimit the filtrate ducts 32 along their longitudinal direction. 

 

Raw gas entering the feed face 38 of the filter element 12 flows into the open 

ends 28 of the raw gas ducts 24, penetrates their tubular wall parts 26, and 

filtrate gas is received in the filtrate ducts 32 from where it is discharged to 

the discharge face 40 of the filter element 12. 

 

At the discharge face 40 of the unit 22, the catalytic element 14 extends all 

across said surface of the filter element 12. The catalytic element 14 may be 

described exemplarily as an element having catalytic DeNOx activity. 

 

The catalytic element 14 comprises a support body of a ceramic foam of, e.g., 

alumina or silicon carbide, with a pore density of about 30 ppi. The support 

body is catalytically activated with a selective catalytic reduction (SCR) cata-

lyst of the composition TiO2, V2O5, WO3. 

 

A clean gas collecting and discharge arrangement 16 is provided which is 

closed on the back side and at three lateral faces and open only at the front 

lateral face 44 shown in Figure 1. The clean gas exits the filter module 10 

through that opening 20. 
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To facilitate mounting of the filter module 10 in a housing or vessel of a filter 

system, the filter module 10 comprises on its front side face 44 an outwardly 

projecting flange 46. 

 

The lateral surfaces of the filter module 10 are preferably covered by a metal 

frame structure 48 which may incorporate the clean gas collecting and dis-

charge arrangement 16. On one of the lateral surfaces of the frame structure 

48 (front side face 44 in Figure 1A), the flange 46 may be provided as well as 

the opening 20. 

 

According to the present invention, preferably the length of the raw gas ducts 

14 is limited to about 300 mm or less, which surprisingly allows very easy 

cleaning by back-pulsing of the filter module and its filter element from parti-

culate matter collected during filtering operation on the tubular wall parts 26 

even if they have the horizontal orientation shown in Figure 1A. 

 

The feed side of the unit 22 may have a size of, e.g., 250 x 250 mm2. This is a 

typical size when the unit 22 is made of a ceramic material using an extrusion 

process to produce the duct structure of unit 22. Other manufacturing proces-

ses may allow larger sizes of the unit 22. The length of the raw gas ducts and 

filtrate ducts may be about 300 mm as mentioned before. 

 

Typically, catalytic filter modules are desired which have a substantial lager 

size. This need can easily be met by a multi-unit structure where multiple 

units 22 are attached to one another side by side to provide larger surface 

areas on the upstream feed side of a module, e.g., surface areas of 1500 x 

1000 mm2 or 4000 x 250 mm2. In case of the first example a matrix of 6 x 4 

units 22 is necessary, in the second example the need is met with a unit-ma-

trix of 16 x 1. 

 

Attachment of the units may be accomplished by sintering, welding or gluing 

the units with their side faces together. Alternatively, the multiple units may 
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be mounted in a common frame, their side faces being sealed against one an-

other. 

 

The catalytic elements may likewise comprise more than one unit and be at-

tached or mounted as a unitary structure by the methods mentioned in con-

nection with the filter element. 

 

In filter modules with a multi-unit arrangement the clean gas collecting and 

discharge arrangement is designed with one or more channels, each channel 

receiving clean gas from more than one unit. 

 

Figure 1B shows a filter module 10' which is a modification of the filter module 

10 of Figure 1A. Therefore, like parts are designated with the same reference 

numerals as used in the description of Figure 1A. In addition to the compo-

nents described already with reference to Figure 1A the filter module 10' in-

cludes a safety fuse 49 in the form of a disc-shaped element covering the out-

lets of the filtrate ducts 32. The safety fuse 49 is substantially co-extensive 

with the discharge face of filter element 12. In case of failure of one or more 

of the raw gas ducts 24, e.g., their tubular wall parts, raw gas penetrating un-

filtered into the filtrate ducts 32 cannot reach the catalytic element 14 without 

prior passing through the safety fuse 49. The safety fuse 49 can be provided 

on the upstream face of the catalytic element 14. 

 

The distance of the closed back wall of the channel 18 to the clean gas face of 

the catalytic element (clearance h) preferably amounts to about 0.3 to about 

0.5 times the distance of the feed face of the filter element from the clean gas 

face. 

 

The filtrate is received by the catalytic element 14 through which it penetrates 

to the clean gas collecting and discharge arrangement 16. The clean gas flow 

is then deflected by about 90° and directed parallel to the clean gas face of 

the catalytic element 14. 
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Figure 2 shows a second embodiment of a catalytic filter module 50 according 

to the present invention. 

 

The filter module 50 comprises a block-shaped filter element 52 in the form of 

one unit 54 comprising a plurality of raw gas ducts 56 having a longitudinal, 

porous tubular wall part 58 with open ends 60 and a closed second ends 62. 

 

The tubular wall parts 58 have a square cross-section and are arranged in a 

checkerboard pattern together with a plurality of filtrate ducts 64 which are 

substantially coextensive with, oriented parallel to and regularly interposed 

between the raw gas ducts 56. The filtrate ducts 64 are open at one end 66 

and closed at the other end 68 thereof. The open ends 60 of the raw gas ducts 

56 and the closed ends 68 of the filtrate ducts 64 form a first checkerboard 

pattern on the upstream or feed face 70 of the filter element 52. 

 

A checkerboard pattern of closed ends 62 of the raw gas ducts 56 and the 

open ends 66 of the filtrate ducts 64 is provided on the opposite or discharge 

face 72 of the unit 54. The tubular wall parts 58 of the raw gas ducts 56 are of 

a porous material, e.g., sintered ceramic material, sintered metallic material 

or a sintered polymer material with a certain pore size. The wall parts 58 at 

the same time delimit the filtrate ducts 64 along their longitudinal direction. 

 

Raw gas entering the feed side of the catalytic filter module 50 flows into the 

open ends 60 of the raw gas ducts 56, penetrates their tubular wall parts 58, 

and filtrate is received in the filtrate ducts 64 from where it is discharged at 

the discharge side 72 of the unit 54. 

 

On the discharge side 72 of the unit 54, a catalytic element 74 extends all 

across the surface of this side.  

 

The catalytic element 74 may be designed like the catalytic element 14 shown 

in Figures 1A and 1B. 
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A clean gas collecting and discharge arrangement 76 is provided at the clean 

gas face 77 of the catalytic element 74. The clean gas collecting and discharge 

arrangement comprises a box-shaped channel 78 which is closed at the back 

and three lateral faces and only open at the lateral side face 80 as shown in 

Figure 2. 

 

The clean gas exits the filter module 50 through that opening 82. To facilitate 

mounting of the filter module 50 in a housing of a filter system, the filter mo-

dule 50 comprises on its front lateral face an outwardly projecting flange 86. 

 

In contrast to the catalytic filter module 10 of Figure 1, the catalytic filter 

module 50 of Figure 2 has the raw gas ducts 56 (and the filtrate ducts 64) ar-

ranged in an oblique orientation to the vertical of the feed face 70, the open 

ends of the raw gas ducts positioned lower than the closed ends thereof. The 

angle of the longitudinal axis of the raw gas ducts to the horizontal may range 

from about 30° to about 60°. 

 

Upon back-pulsing, the interior space of the raw gas ducts 56 may be more 

easily cleaned from particulate matter which has accumulated during the filtra-

tion process because of the slanted configuration of the tubular walls 58 of the 

raw gas ducts 56. 

 

Because of the slanted configuration of the raw gas ducts 56 within the unit 

54, a somewhat lower filtration surface per volume ratio is obtained. This, 

however, is compensated by the improved back-pulse properties of filter mo-

dule 50 which in the end allow longer cycle times of this type of module as 

compared to the filter module 10. 

 

Figure 3 shows a third embodiment of the present invention in the form of a 

filter module 100. The filter module 100 comprises two sets of filter elements 

and catalytic elements. The units 102, 104 of the two sets have a basic struc-

ture identical to the filter element 12 of filter module 10 of Figure 1A. 
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The two units 102, 104 comprise a plurality of raw gas ducts 106, 108 having 

a longitudinal, porous tubular wall part 110, 112 with an open end 114, 116 

and a closed second end. The tubular wall parts 110, 112 have a square cross-

section and are arranged in a checkerboard pattern together with a plurality of 

filtrate ducts 122, 124 which are substantially coextensive with, oriented par-

allel to and regularly interposed between the raw gas ducts 106, 108.  

 

The filtrate ducts 122, 124 are open at one end and closed at the other end 

130, 132 thereof. The open ends 122, 124 of the raw gas ducts 106, 108 and 

the closed ends 130, 132 of the filtrate ducts 122, 124 form first checkerboard 

patterns on the upstream or feed sides 134, 136 of the filter modules 100. 

 

A checkerboard pattern of closed ends of the raw gas ducts 106, 108 and the 

open ends of the filtrate ducts 122, 124 is provided on the opposite faces 140, 

142 of the units 102, 104. These faces 140, 142 are the downstream or dis-

charge faces of the units 102, 104. The tubular wall parts 110, 112 of the raw 

gas ducts 106, 108 are of a porous material, e.g., sintered ceramic material, 

sintered metallic material or a sintered polymer material with a certain pore 

size. The wall parts 110, 112 at the same time delimit the filtrate ducts 122, 

124 along their longitudinal directions. 

 

Raw gas entering the feed faces 134, 136 of the filter module 100 flows into 

the open ends 122, 124 of the raw gas ducts 106, 108, penetrates their tubu-

lar wall parts 110, 112, and filtrate is received in the filtrate ducts 122, 124 

from where it exits at the discharge faces 140, 142 of the units 102, 104. 

 

Catalytic elements 144, 146 may be designed as described in connection with 

the catalytic element 14 of the filter module 10 of Figure 1A. 

 

However, in contrast to the filter module 10 of Figure 1A, the filter module 100 

of Figure 3 has the two sets of units 102, 104 and catalytic elements 144, 146 

arranged in a back-to-back configuration such that the catalytic elements 144, 
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146 positioned at the closed ends of the raw gas ducts and the open ends of 

the filtrate ducts face each other. 

 

Therefore, one common clean gas collecting and discharge arrangement 154 is 

sufficient to collect and discharge the clean gas provided by both sets of units 

102, 104 and catalytic elements 144, 146. The clean gas from both catalytic 

elements 144, 146 when entering the clean gas collecting and discharge ar-

rangement 156 is deflected by about 90° and directed transverse to the flow 

directions of the gas within the filter elements 102, 104 and catalytic elements 

144, 146 of the filter module 100. The clean gas exits the catalytic filter mo-

dule 100 through opening 160 to be discharged from a filtration system com-

prising these modules 100. 

 

While the filter modules 10 and 50 of Figures 1A, 1B and 2 can easily be ar-

ranged in a configuration of multiple modules within one housing or vessel 

with the front faces 28, 68 are facing the back of the channel of the clean gas 

collecting and discharge arrangement 16, 76, the detached particulate matter 

from the filter elements upon back-pulsing may easily be discarded and re-

moved from such a filtration system. 

 

However, a precautionary measure has to be taken in an arrangement of mul-

tiple filter modules 100 in one housing or vessel as shown in Figure 3.  

 

Upon back-pulsing, in a system comprising the filter modules 100, a cross-

contamination of two filter modules facing one another could occur, and there-

fore, it is preferable to have a partition plate 180 arranged in between the 

feed faces of the two adjacent filter modules 100 as shown in Figure 3. 

 

Figure 4A shows a first embodiment of a catalytic filtration system 200 accord-

ing to the present invention. The filter system 200 comprises a housing 202 

which is of an elongated box-shaped configuration. The housing 202 is sup-

ported on a base frame 203. 
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Within the box-shaped housing 202, two rows of a plurality of catalytic filter 

module stacks 204, 204', 204'', … and 206, 206', 206'', … are arranged with 

the discharge openings of the filter modules of the two rows facing in opposite 

directions. Along the longitudinal axis of the box-shaped housing 202 the 

stacks are arranged in parallel at a certain distance from each other (cf. Fi-

gures 4B and 4C). 

 

Within an individual stack 204, 206 of filter modules 204 a, b, c, d and 206a, 

b, c, d, respectively, the filter modules may be mutually fixed to one another 

by gluing, welding or sintering them together or by mounting them in a fram-

ing. 

 

In an exemplary layout of the filter system 200 the feed side of a filter module 

204a, 206a may have length 1500 mm and a height of 1000 mm, the depth of 

the filter module may be about 400 mm. Such filter module may comprise, for 

example, 24 block-shaped units the feed side surface of which may have the 

size of 250 mm x 250 mm, the length of the tubular wall parts of the filter ele-

ments being about 140 mm. 

 

The catalytic element at the discharge face of the filter element may be a 

plate-shaped body of a thickness of 200 mm in the fluid flow direction. 

 

The clearance h of the clean gas collecting and discharge channel may amount 

to about 60 mm. 

 

The distance between two adjacent stacks 204 and 204' or 206 and 206' of fil-

ter modules may be set, for example, to about 100 mm. 

 

The housing comprises on its top surface a raw gas supply channel 208 which 

feeds raw gas into the housing 202 and its filter modules 204, 206. The raw 

gas supply channel 208 has a decreasing cross-sectional area from the front 

end shown in front of Figure 4A to the dead end located at the rear end 214 of 

the system 200. 
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On both side faces in longitudinal direction, the housing 202 comprises clean 

gas passages 210, 212 which open at the rear end 214 of the system 200 

where the clean gas may be discharged. 

 

In order to accommodate the increasing amount of clean gas received from 

the multiple filter module stacks 204, 206 along the longitudinal axis of the 

housing 202, the cross-section of the clean gas passages 210, 212 increases 

gradually in the direction of the rear end 214 of the system 200. 

 

The clean gas discharge channels 210, 212 can in accordance with one variant 

be removable as a whole when the filter module stacks 204, 206 have to be 

exchanged. Alternatively, as shown in Figure 4A the clean gas discharge chan-

nels 210, 212 may be provided with number of doors 218 which allow access 

to the filter modules and exchanging same without complete removal of the 

clean gas discharge channels 210, 212. 

 

The system 200 incorporates a back-pulsing facility receiving back-pulsing gas 

by a pipe 216 which is shown schematically only. Figure 4A only shows pipe 

216 which provides back-pulsing gas to the filter modules of the stacks 204 for 

regeneration of the same. A corresponding pipe is needed (not shown) for re-

generation of the stacks 206. 

 

Extending from the back-pulsing gas pipe 260 a plurality of back pulse supply 

tubes 264 direct the blow-back gas to the various filter module stacks 204, 

204', 204'', … . 

 

The back-pulsing pressure supplied via the clean gas discharge channel into 

the individual filter modules 204a, 204b, 204c, 204d and 206a, 206b, 206c, 

206d detaches particulate matter which has been collected during the filtration 

operation from the filter elements of these filter modules. 
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The particulate matter discharged during back-pulsing from the catalytic filter 

modules is collected in conically shaped dust collectors 220 arranged at the 

bottom of housing 202. 

 

In case the catalytic removal of components of the raw gas requires a reactant 

and/or if a sorbent is needed for completing the filtration, the raw gas supply 

channel may be provided with a sorbent and/or reactant injection unit 222. 

 

In Figure 5A, a second embodiment of an inventive catalytic filter system 300 

is shown comprising a housing 302 which essentially consist of a cylindrical 

wall portion 304 which is closed at its upper end by a dome-shaped cover 306 

and connected at its lower end to a dust collector 308 with a conical shape. 

 

The housing 302 is divided into a raw gas chamber 310 and a clean gas cham-

ber 312 by a tube sheet 314 which spans across the whole cross-section of the 

cylindrical wall portion 304 at its upper end. 

 

The raw gas chamber 310 is accessible via a feed gas inlet 316 through which 

raw gas can be introduced into the raw gas chamber 310. 

 

The dome-shaped portion 306 of the housing 302 comprises a clean gas outlet 

318 through which clean gas may be discharged. 

 

The tube sheet 314 comprises a plurality of rectangular openings 320 which 

accommodate a plurality of candle-type catalytic filter modules 330 according 

to the present invention. 

 

The candle-shaped catalytic filter modules 320 are shown in some more detail 

in Figure 5B and comprise at their upper end and outwardly extending circum-

ferential flange 332 which serves for mounting the catalytic filter modules 330 

within the openings 320 of the tube sheet 314 in a downwardly pending man-

ner. 
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Figure 5C shows a cross-section of the system 300 along line V – V in Figure 

5A. 

 

The individual catalytic filter modules 330 comprise five units 334, 335, 336, 

337 and 338 stacked on top of one another, all facing with their feed face or 

upstream side to the left as shown in Figure 5B. The units 334 to 338 have 

about the same configuration with raw gas ducts and filtrate ducts alterna-

tingly arranged in a checkerboard manner as shown in Figure 1A so that a 

more detailed explanation in that respect is omitted here. The block-shaped 

units 334 to 338 may be assembled in a common frame structure 352 holding 

the units together and providing a common clean gas channel 346. The top 

surface of the common frame structure 352 may integrally incorporate the 

flange 332 and provide the opening 350. 

 

On the opposite face, the block-shaped units 334 to 338 are covered by a 

common catalytic element 340. 

 

At the downstream or discharge side 342 of the common catalytic element 340  

a common clean gas collecting and discharge arrangement 344 is provided 

which essentially consists of one clean gas channel 346 which at its upper end 

348 discharges clean gas through opening 350 into the clean gas chamber 312 

of housing 302. Similar to what has been shown in Figure 1B and described in 

the context therewith the filter modules 330 may be provided with disc-shaped 

safety fuse elements extending across the whole discharge side surface of the 

filter module (not shown in Figures 5A to 5C). 

 

The candle-type filter modules 330 are arranged in the tube sheet 314 in a 

parallel, staggered arrangement where the upstream or feed sides of the indi-

vidual filter modules 330 face the back side clean gas channels of neighboring 

filter modules 330. 

 

For regeneration of the catalytic filter modules 330 of the catalytic filter sys-

tem 300 a back-pulsing system 360 is provided comprising a pressure source 
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362 as well as a plurality of supply lines 364 which end within the dome-

shaped cover 306 above the individual filter modules 330. 

 

The particulate matter which is detached from the raw gas ducts of the block-

shaped units 334, 335, 336, 337, 338 of the catalytic filter modules 330 is col-

lected by gravity within the dust collecting cone-shaped housing portion 308. 

 

Upon back-pulsing, when particulate matter is detached from the raw gas 

ducts of the block-shaped units 334, 335, 336, 337, 338 of the filter modules 

330, no cross-contamination between neighboring filter modules 330 can oc-

cur because of their parallel orientation described above. 

 

The advantages of the present invention shall be explained in some more de-

tail by way of an exemplary design. 

 

The system 200 of Figures 4A to 4C with catalytic filter modules 204, 206 may 

be designed for the handling of a flue gas volume rate of 234,000 standard 

cubic meter per hour for removal of particulate matter and nitrogen oxides as 

follows: 

 

 The filter modules 204, 206 each have a feed side area of 1500 x 1000 mm2. 

The filter elements were of a honeycomb structure with square cross-sections 

of the raw gas and filtrate ducts of 10 mm x 10 mm size, the axial length of 

the raw gas and filtrate ducts being 140 mm. The filter element of each mod-

ule is composed of 24 units with a feed face area of 250 mm x 250 mm in 

6 x 4 arrangement. 

 

The filter modules are equipped with plate-shaped catalytic elements of a 

thickness of 200 mm in flow direction of a ceramic SiC foam with a pore den-

sity of 30 ppi (pores per inch) which is catalytically activated with an SCR ca-

talyst of the composition TiO2, V2O5, WO3. 
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At an atmospheric pressure and an operating temperature of about 300 °C, 

192 filter modules are needed to cope with the above identified volume rate. 

 

The size of a housing 202 to accommodate the 192 filter modules in stacks of 

four modules 204, 206 as shown in Figures 4A to 4C would have the dimen-

sions of 3.5 m width, 12.5 m length and a height of 4 m. The filter modules 

may be incorporated in the housing with a distance from stack to stack in the 

longitudinal direction of the housing of 100 mm. 

 

In cases where the operating pressure is about 1 bar or more above the am-

bient pressure it is preferred to use the vessel-type housings 302 shown for 

the embodiment of Figure 5A. 

 

 



 

Claims  

 

1. A catalytic filter module for gaseous fluids comprising 

a block-shaped filter element, 

a catalytic element, and 

a clean gas collecting and discharge arrangement, 

wherein said catalytic element is substantially coextensive with the filter 

element, 

said filter element having a feed face and on its opposite side a discharge 

face from which filtrate exits to be received by the upstream face of the 

catalytic element, the gaseous fluid exiting the catalytic element as clean 

gas at a clean gas face thereof opposite to the upstream face, the catalytic 

element having a pore size larger than the pore size of the filter element, 

wherein said clean gas collecting and discharge arrangement comprises 

one or more channels extending across the whole clean gas face of the 

catalytic element deflecting and directing the clean gas flow transverse to 

the vertical of the clean gas face of the catalytic element to a clean gas 

discharge opening of the filter module at a side face thereof, 

 wherein said filter element comprises a honey-comb structure, comprising 

a plurality of raw gas ducts and filtrate ducts, the raw gas ducts being se-

parated from the filtrate ducts by tubular wall parts, the raw gas ducts 

being open at the feed face of the filter element and closed at the dischar-

ge face thereof, said filtrate ducts being closed at the feed face of the filter 

element and open at the discharge face thereof,  

wherein the one or more channels of the clean gas collecting and 

discharge arrangement have a height, measured as the clearance in the 

direction of the vertical of the clean gas face of the catalytic element, in 

the range of from 0.3 to 0.5 times the distance of the feed face of the filter 

element from the clean gas face of the catalytic element, 

and wherein the axial length of the tubular wall parts of the filter elements 

amounts to 10 mm to 300 mm. 

 

2. The catalytic filter module according to claim 1, wherein said catalytic 

element is a compartment accommodating a fluidized bed or fixed bed of 

catalytic particles. 
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3. The catalytic filter module according to claim 1, wherein said catalytic 

element is a porous body of a fibrous and/or foam material comprising a 

catalyst. 

 

4. The catalytic filter module according to claim 3, wherein the catalyst is 

being applied to the body of the catalytic element by coating or 

impregnating same. 

 

5. The catalytic filter module according to any one of claims 1 to 4, wherein 

the catalytic element is a redox catalytic element, a catalytic element for 

NO reduction and/or a catalytic element for tar removal. 

 

6. The catalytic filter module according to any one of claims 1 to 5, wherein 

the catalytic element comprises on its upstream face a filter layer to 

provide a safety fuse functionality to the catalytic element. 

 

7. A catalytic filter module for gaseous fluids comprising 

a first set of a block-shaped filter element and a catalytic element and  

a second set of a block-shaped filter element and a catalytic element, 

the first and second sets being arranged spaced apart from one another 

and oriented back-to-back with the clean gas faces of the respective ca-

talytic elements,  said catalytic elements being substantially coextensive 

with the respective filter elements, 

 said filter elements having a feed face and on their opposite side a 

discharge face from which filtrate exits to be received by the upstream 

face of the catalytic elements, the gaseous fluid exiting the catalytic 

elements as clean gas at respective clean gas faces thereof opposite to the 

upstream faces, the catalytic elements having a pore size larger than the 

pore size of the filter element, 

a clean gas collecting and discharge arrangement, 

wherein said clean gas collecting and discharge arrangement comprises 

one or more channels extending across the whole clean gas faces of the 

catalytic elements deflecting and directing the clean gas flow transverse to 

the vertical of the clean gas faces of the catalytic elements to a clean gas 
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discharge opening of the filter module at a side face thereof, 

said clean gas collecting and discharge arrangement being designed as a 

common arrangement for the first and second set and positioned in be-

tween the first and second sets receiving clean gas from the clean gas 

faces of the catalytic elements of the first and second sets; wherein said 

filter elements comprise a honey-comb structure, comprising a plurality of 

raw gas ducts and filtrate ducts, the raw gas ducts being separated from 

the filtrate ducts by tubular wall parts, the raw gas ducts being open at the 

feed face of the filter element and closed at the discharge face thereof, 

said filtrate ducts being closed at the feed face of the filter element and 

open at the discharge face thereof, 

and wherein the axial length of the tubular wall parts of the filter elements 

amounts to 10 mm to 300 mm. 

 

8. The catalytic filter module according to claim 7, wherein the one or more 

channels of the clean gas collecting and discharge arrangement have a 

height, measured as the clearance in the direction of the vertical of the 

clean gas faces of the sets, in the range of from 0.2 to 1.4 times the 

distance of the feed face of the filter element from the clean gas face of 

the catalytic element of one set. 

 

9. The catalytic filter module according to claim 8, wherein the height is in 

the range of from 0.6 to 1 times the distance of the feed face of the filter 

element from the clean gas face of the catalytic element of one set. 

 

10. The catalytic filter module according to any one of claims 1 to 9, wherein 

the one or more channels of the clean gas collecting and discharge 

arrangement are oriented with their longitudinal direction in an angle of 

30° or more to the vertical of the clean gas face of the catalytic element of 

the filter module. 

 

11. The catalytic filter module according to claim 10, wherein the one or more 

channels of the clean gas collecting and discharge arrangement are 

oriented with their longitudinal direction in an angle of 60° or more to the 

vertical of the clean gas face of the catalytic element of the filter module.  
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12. The catalytic filter module according to claim 10, wherein the one or more 

channels of the clean gas collecting and discharge arrangement are 

oriented with their longitudinal direction in an angle of 90° to the vertical 

of the clean gas face of the catalytic element of the filter module. 

 

13. The catalytic filter module according to any one of claims 1 to 12, wherein 

said raw gas ducts and filtrate ducts being oriented parallel or slanted in 

an angle of from 10° to 60° to the vertical of the feed face of the filter 

element. 

 

14. The catalytic filter module according to claim 13, wherein said raw gas 

ducts and filtrate ducts being oriented parallel or slanted in an angle of 

from 30° to 60° to the vertical of the feed face of the filter element. 

 

15. The catalytic filter module according to claim 13 or 14, wherein the cross 

section of the tubular wall parts of the filter elements is of a polygonal, 

especially rectangular shape. 

 

16. The catalytic filter module according to claim 15, wherein the polygonal 

shape is a square, circular or oval shape. 

 

17. The catalytic filter module according to claim 15 or 16, wherein the tubular 

wall parts have a cross-sectional area corresponding to the area of a 

square with an edge length of 3 to 20 mm. 

 

18. The catalytic filter module according to claim 17, wherein the tubular wall 

parts have a cross-sectional area corresponding to the area of a square 

with an edge length preferably of 5 to 10 mm. 

 

19. The catalytic filter module according to any one of claims 1-18, wherein 

the axial length of the tubular wall parts of the filter elements amounts to 

300 mm or less. 
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20. The catalytic filter module according to claim 19, wherein the axial length 

of the tubular wall parts of the filter elements amounts to 30 to 200 mm. 

 

21. The catalytic filter module according to claim 20, wherein the axial length 

of the tubular wall parts of the filter elements amounts to 50 to 150 mm. 

 

22. A catalytic filter system comprising a filter housing and one or more cata-

lytic filter modules according to any one of claims 1 to 21 accommodated 

in said housing, said housing comprising an interior space separated into a 

raw gas and a clean gas chamber, said filter module(s) being arranged 

within said interior space, the feed side(s) of the filter element(s) oriented 

substantially vertical, said feed side(s) of the filter element(s) being in 

fluid communication with the raw gas chamber and said clean gas 

discharge opening(s) of the filter module(s) being in fluid communication 

with the clean gas chamber of the housing. 

 

23. The catalytic filter system according to claim 22, wherein the system 

comprises a back-pulse arrangement. 

 

24. The catalytic filter system according to claim 22 or 23, wherein the 

housing comprises a tube sheet separating the interior of the housing into 

the raw gas and clean gas chamber, said tube sheet comprising openings 

accommodating the two or more filter modules. 

 

25. The catalytic filter system according to claim 24, wherein the two or more 

filter modules are in parallel orientation to one another. 

 

26. The catalytic filter system according to any one of claims 22 to 25, wherein 

the filter modules are accommodated in the housing with a parallel 

orientation of the feed sides. 

 

27. The catalytic filter system according to claim 26, wherein the feed side of 

one filter module facing the clean gas side of an adjacent module. 
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28. The catalytic filter system according to claim 26 or 27, wherein the filter 

modules being arranged in a staggered configuration. 

 

29. The catalytic filter system according to any one of claims 22 to 25, wherein 

the filter modules are accommodated in the housing with a parallel 

orientation of their feed sides, the feed sides of one module facing the feed 

side of an adjacent module. 

 

30. The catalytic filter system according to claim 29, wherein the system 

further includes partition plates positioned in between two adjacent filter 

modules. 

 

31. The catalytic filter system according to any one of claims 22 to 30, wherein 

two or more filter modules are mounted in a common rack. 

 

32. The catalytic filter system according to claim 31, wherein two or more filter 

modules have their clean gas collecting and discharge arrangements fluidly 

connected to one another. 

 

33. The catalytic filter system according to claim 32, wherein the system 

comprises a clean gas discharge channel into which the discharge ends of 

the clean gas collecting and discharge arrangements substantially directly 

feed the clean gas via the clean gas openings of the filter modules. 

 

- 31 -




