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 divides 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 accommodate 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 flean chamber and located downstream of the
plurality of filter candles. BACKGROUNGBRI¥HE ? YSkERYiltration 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 L?)e eﬂ_if § @ )@ ration. Differently structured filter
it rogEE g é g%s[

systems for cleaning flue gases are known wherein a barrier filter module is
used together with a sepa- rate catalyst module. The raw gas is first passed through the barrier filter

module andrifien pRRtRch pifuaL e FRLAEHDRAP Both sk ol calRb flfst Bystrrosdre useful

in flue gas treatment since they provide at the same time particle separation and a catalytic gas phase
reaction in 0¥ ingita HolkiRetRagp@dbleif epsieth @ GeRAati YaMealé BEpAeafbHIcHaIiteHes phase
reaction deyicesis fghioravessuharriniopl GRialylie CARKRISIRNale T REEJEsMERFbANTAIAYE to be
guaranteed for high inlet concentrations, the face

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



- 2 - 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 pafticle 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 mayHedetethfiReddy Srsiitpstith RS AHaRAHRIPIE R SRy RErSseh i B R deifthis
challenges ahibeotatadyle g asrphaseatedgtion ciaten linisiabjestds mebvnaeeriaiyis fdtedsystem with
the features of claim 1. V%?tﬂ\égc filt?gr Sﬁ%ﬂﬁs of }he gﬂr%ese,nt invention have %filtratio,n vfissel with a
separation FAIIFETEREVMERSPHB RGN fiNE BsPERIS b YRE R TerhbBrF6AHY §han gas
chamber artth foyttest fandccomespdatiorgdf toegpl uraliyaskfidetvasitesofisde. flyprcsyiytehe 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 filtén cadeleto Thereiuitd) tihe faloal hexigeityf dhih @ dctéctetorrbef ttbateavnggshé. govidraed by

e eocaropaeX Sl I IRRs I MRS Sh HRA ABJS PRI AR gdopted t

the specific filtration task. The catalyfic stage, I.e., the capacity 0 ium
downstreanm®f&Reédfilter 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.

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.



- 3 - 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 candles and the first catalytic medium
downstream of the filter candles serves for the conve¥sion of the remaining contaminants of the clean
gas up to the required level. The filter candles used in the inventive catalytic filter system preferably
comprise 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 pmpegxalbpUb B SORTRTIT\PCFS FREMFENERT IAVides 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 filtration, and allows that both
the filtratioristagerefutitbe catalytic stpgiemaycberkiénpd ab ttieesprasdetniperaitienyvithenfilteared for a

heating dewg% égelgngrove the efflgt%rlm toaf n'[Qe catal;g;sc cf.'allrterl ?{gtﬁgérHégggf etgmperatures typically

accelerate (he reaction 181e 6f the Cata ytic gasseﬁﬁgse reaction and are often wanted. According to the

present invention, gaseous fluids which enter the catalytic filter system at an elevated temperature

essentially g e eReiRtEc ube ey cams R SonRdUinIta It eatahio regum.
Therefore, in many applications noheating system Is requifed in order to ensure satisfactory reaction
rates. 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.



- 4 - 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-aerage 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 cletih SRIDEIRIFRRY PREYET Q5150 T B ¥BpENGRI SR RN Biieh & HRz She it RitmXStRE Yiltration
vessel so thakihelitiee cabeesisecoutonatedtislytie anamings &b Wissseparbpndirate pending from
the same Wa”g%lto the rﬁ?gy %ﬁs chamberé.jsﬂu,ch ag aﬁ@ngement ,enables the vari?#iog of the lif}i‘lﬁtration
capacity by GRERMHG W ALmBERasieneaaraly Al B P dife F eAMANE B ftelBRtIERYAY and
thereby allovesdheiadjustiinent 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 Poefferqthlisetbatéissicaridiverssagpid alptdavic adsliehdiitepsisacidandlsereatas a safety
measure in i|te, - i rahibit(s) the
passage of rﬁ%\?ﬁﬁg r|§adg %%?gsﬁﬁ%ﬁéq}g?ne@é %Egﬁngbaéguér%%%ﬁ @,Pg?l%egi?é%y%ggﬁ%alytic
element is POBRJEASS daenfdianEamaiesandles. - 5 - 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 catalytic medium. By

operating tH&BRA BAdR FRALRST ARV AGEAE: RARMIETHRT f St aty ey B tR¥SbFERent

invention, itgs gRspidedat aarnaiale f Biesaaedims, et pniydiaibiier-efameebat iheriesteatalytic

medium, but also the Iilter candles.
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.



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 comprising a vessel part which is detachable from the main
body of the vessel at a location downstream of the s@paration wall. More preferably, the detachable
vessel part is designed to accommodate the first and/or second catalytic medium. If the filter system
comprises a blow back device, it is preferably accommodated in the main bo% of the vessel together

with the sephidfof wafeiad tie mesdiean s fhBanrs tARdREUASPRARR 18 HBFlR BLET Wvith a

filtering mermipsrnacrndhe, WosirpaiResidel thaprsane ey Gdbe Hiorceaneien Jeaysincadditien be
impregnated with a catalyst. The filter can(fsléeas then serve as c tg%tic filter ca}n les.. Non-catalytic filter

candles as ke BN AMORETELAHAS & Br@%?aﬁﬁ?rgpg% IR RSIRRIACRN ERG SEShCRbANE cases,

the interior sigatedisuch filter candles 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. - 6 - The type of catalytic elements used for the first, second and any further
catalytic masluopenating tedekted frackodealinic dixedchenl;dfieerad atat dbenadtl tetrusytsires) adular

elements, pé%mr?g‘%ofﬁ?ﬁé@gﬁ‘ﬁﬁ%&ﬂﬁsit@ 8%@%8'?&%@’&%?&%&%‘%&%&0{%@ bodies

impregnate cata aving an interior that forms a space Yor ow. The space provided in
the interior BPfHeN&YetherkeayetrinEnhafiy e dbisintodatetic mhedicamiysttnadsertaie THisy, edtalytically
impregnateg|ggrous 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 quieriirerig §IBISIIBSCR Faduhal BTl I8 wassekiel éxnee atethlaprer Bipateshaped or in
the form of ehfiber mat. . !
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.



Typical examples for catalytic elements used for the first, second and any further catalytic medium are
as follows: Catalytically impregnated safety fuses with a porous body made of sintered ceramic
granular particles and/or fibers or a foam and preferably having an average pore size of about 10 to
about 500 pm, more preferably about 50 to about 200 pm. 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 pm, more preferably about 0.3 to about 30 pm. -7 -

Catalyticallyrvaipen affecaparatic rMrmragscal erranigifibgrserth @ syeragddirnediesgter of
about 1 to 3bOUt 50 (gm more %ref%ia %%bgutZtoa outhI m. The referable verage fiber length
5 dham

is in the range 53RO BRHEG R0 (s ttb%‘?mf ShRAy 4R ge particle
size of fromsahatti t€sphubukboeieBiemis, platepeasie/abli@bouickit ptauoctabesit 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 particulates can be combined with catalytic gas phase reactions. It
may furthermmlwmetegasrdeanm do gl sehd diovsabs djesificuti@gnateghailét gamtieaning of

sinter plant E“i’ug F?iiq ﬁ”n‘i’ ﬂHa‘% IF%) L dEABIHRIY \’W pﬁ@%ﬁé‘&’e"ﬁ&ﬂ@éiﬂ% refinery

processes li I ein FC UId cata ytic crac s or in chemical processes, In the cement industry
etc. the |nter|or 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.qg., 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 um, 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.



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 1shows a schematic representation of a first catalytic filter system
according to the present invention; - 8 - Figure 2shows a schematic representation of a second

catalytic filtér syst&Rtabidralhy T RreIRSEhPRRRBR]IEs 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;



Figure 3A and B show a detail of the catalytic media used in the second catalytic filter system of Figure
2; Figure 4shows a schematic representation of a third catalytic filter system according to the present
invention; Figure 5shows a porous catalytic body used in the third filter system of Figure 4 in more
detail; and Figure 6shows a schematic representatio 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 ByHE8arator wall I20M® 2 $a0E AL ChERRBRF I Aiena Q| BaFg a8 HAMOEHA 8t pically,
the dimensions of the cylindricg) stesReh deeitla @ tdameterdsdheirargriehabout 1 m to about 6 m or

more and a height of about 4 m to about 24 m or more.
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.



In order to access the interior of vessel 12 for maintenance or repair, the vessel may be separable into

a lower stationary and an upper removable part. Very large vessels, however, typically will be provided

with a closable opening (not shown) in the vessel wall enclosing the clean gas chamber such that

personnel may enter the vessel. - 9 - The separatiof? 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 verticaII% pending from the separation
%

wall into thel PEP§RE'AHERLERT 6. MNasHRUIAERL 2§ OBERMZRcROINEN E8581 VIS IRV it directly
corrmunica&?mlfvah taadaw 9as m@r?ﬂlgrk%n-aﬂ@sct?ﬁ@ r@aéc@mhd BHakels iS ﬂuéisféﬁajmwaiﬁa;:on with
a clean gas outlet 26. Downstream of the plurality of filter cand]es 22, i.e., above the filter c esin
the clean oE L A TEE SE A B Ry RcP TPh O RS & b R0 Ut everse
fluid flow inmeddirig finternttie ity eageioaratalthatiteieaadiem2hanthebadom 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 medium 30 is provided in
the clean gésrevagagirigtwivicis sornvesdederndbe gasselid 2ontamihantit idithettyecongyamifliid. The

filter Ca“d'eég%@s’%&*’ﬂw?ﬂ%ﬁ%’a@%ﬂa?%\éﬂ@”%@Oé?é“aﬂ %@Cc?{a?ﬁﬁ}‘%ﬁ?%ffncﬂﬂfﬂeéoﬁﬁt‘e face

velocity can be increased to the’maximum possible velocity determined by the Tiliration capacity of the
filter candle®2RIGRESTANE S EHeadIRFMEIRUE& of the clean gas in a specific application the
capacity of the catalytic medium 30 is adjusted and/or catalytic filter candles are used instead of
non-catalytic filter candles. Thereby the desired conversion rate can be guaranteed under all operating

conditions. PRY/BEEERATE AEHAGP 36 3H QB te heRnekesereeté§ r FRQY B TG c R elgaIftic media

which may eeangdse wrfetyHuERSe PO ESHIOR S ok CRIdIRICIgamapesavm badies afisittered granular
and/or fibrous é)darticles, fixed bed catz%hjsés tc. . . . )
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.



- 10 - Figure 2 shows another catalytic filter system 40 according to the present invention 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 52fhich 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 communication 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 chambe@igt&-eOndhewlo whstieant stae, elctitsepasadn #l &brctndite UpPerpesianef the

| 42, is designed separable from t in b fthe | 42 and.in the followi ferred t
2% the doiadhMIEVECCIP RIS THIHEER HETe caech It B Rl o AcsERiEalte.

afore-mentiarseghatedorgaslbddeint6 anc prodselspadeetoddc aonhraadiede hadicsiacatadyt8nedium
(and any further, if applicable) which according to the present invention is to be arranged downstream
of the filter candles. In the embodiment of the present invention schematically shown in Figure 2, the
first catalyti€mecstparatonprisk < th s o plyradinb dacalgticngerhe e 8 8teaadicgradhioh are

exchangeallly x| '%H&%msagg%ﬁ?abﬁnamé%9%@%8;%@% AReyaD EWS&%WKWS the

catalytic elements 60, 61, 62 spaced apart from one another, they may be in alternative embodiments

likewise arraiga9RAGRRAESAfaMENIfHroREaHHEWES RS BTafbRE & cO MV ARsy tl i afidhts may
be composgg RfiddelHaliyealivdiv bl sy imtite Waikke pee ass8 TP Ha Rk d TharkRBRAHEMe

structure. Clean gas exiting the filter candles 52 and entering the clean gas chamber 48 will have to
pass througHFREHONERShD QBhaaR<SBRMBERAP 62 of the first catalytic medium prior to exiting the

vessel 42 via the clean gas outlet 56.

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.



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 Figured BA and 3B it is apparent that the honeycomb
structure need not necessarily have channels of hexagonal structure, but may also be of a different
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 numerous channels 66, 68 in the honeycomb

elements 6Q|&h, §2s AR tAA fifer ikaindeats ran@eikihibaisatalyshsypperiachby these
honeycomb structures. As described in connection with the embodiment shown_in Figure 1 already, it
o acvantagULBRS H0P R Ay BAO A PR et S LB A SR IR ks candles
42 and still opisthgaométharhgndycambyatémyetiie 6@s64| arri\Ga therdeato gus\idél et E&sibility to
intermittently regenerate the filter 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 cohmpnseszeclofdisiveyaten b lenuinte veay foeintusitenta dh vall bt tafutae matter

released fr%bﬁfgea leh GRRAIRS AL AR PRERHYLBHIE RBY i a&éﬁﬁé%%e'ﬁ“o e Sty oriented
separation wal 4E|nto araw gas cham%aer 8% angcqiJg alt (hean gas (I: amber 88.'Then Sééfé’zf 82 may be of a
cylindrical stidiged@sotuquetangske! shipe. 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 %Iate 84 and extend into the raw gas chamber 86. A raw gas inlet 94 is provided at the
0

lower portiohYBi SRIsS¥PBP 57195 1P BRYEL EYMTHHARMR WHRRB I P § &S BAARIEBY Ut its upper

portion, vessRirariensir s aridesd gas SHEBIRh6 Wijahds BRcantBmiGaiirh withthpatiean gas
chamber 88. As described already .in connection with Figyre 2, the vessel 82 is divided in two portions
(AT SRR

which are d®tddAYRRE B EnbtiteRARR GRh &N &Y RTER SHEUGHASORERH] Be first
catalytic elemeentsandlyhieasiearhgasagtlst Béxduwnsalreamaniithe positwyialadiob tifesfidiffeatalytic
element 109 s accommodatsd, Inheween the frst catalyic clement 100 and the separafion wall 84, a
blow back gas device 16558 provi SRSt andws Slowmg BACK Of & gas t%rough 2 'filt&} candles 92
into the rawFgggren3ber 86 in order to intermittently regenerate the same.

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-



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 preferaB® 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?aM@ buaRgRtER PrPRSateD ol 8feipteraradyy 9ResHATBRSIRAPALRiRtERAI wall 108
comprising gaaliadify 8 oggniMgs LeZswhih aespruneateyinedineiidHabeatlWicaetemanipul06 in a

sealing manner. The cylindrical wall 108 is closed at its top portion 110 and open at its lower end
which is in fe@PARRF 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 exjting from the filter, elements 92 and.entering the cle as chamber 88 will have to pass
through the R AT E iAo B B s o0 EE e AR M %o exitng
the system &nviteshexieam $ealingtistde)arneuchlithiaic tihevdilte08ahdiebydsppahtsenhéhean gas

chamber 8 8%8@9@3;{@8%& %H& Q%@%‘Pﬁ%eﬁ%9%@%89@%%?&?%?&99& i3 fiafalytic

elements 106'and t r one being downstream of t atalytic element 100. The outer diameter of
the cylindri@ WaRrposdedamiehiavsenaieitiparPiheerrfd ridamieids b1 geagsrenaettoiasierpart 98 of
the vessel §2R Brderapigesahsimeidhgdluid 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 accommodating the catalytic elements 106 of the first

catalytic mextiueg LBBevilbreintyniealiviadso mflnsigres tancipsecutRAITWRICEPRCR The catalytic
elements 106 may be of a cassett(%t(;/ﬁe structure with a lower and an upper flat porous wall. While the
I

side faces AT BHAGHOB I ESaHGRR #PSHE8MBEGiRRnt, 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
cloments 108 AEeoNHARLRLGEr VAL s E o B A e S R SV 2 By 122
which is closed aporiersnd hidreuchgeladwiplg Hictono piatnotide T Hbseadivey bdettaahable
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



- 14 - 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 andl8onnected 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 WARR"S PARIRRPIACS)SENPd2EReoim Srisindyicatdralb A QAP s & aHERy
cylindrical sShgpsf dperiagsel d22VRisRRpdetearhy daseppEatal WalLB24ttnairoaYgas ianuser 126

and a clean gas chamber 128. The separation wall comprises lyrality of openings 130 which
e dosiondll SRS AR ey LA LAFAtel CR R 02 Ahrrar PR ACEB 3o the
openings 130 g de penidsilomdhese panidiomnsvialdir2¢tiftaitheosawngascchiaombeith 26.eTdlearessel 122

further com rise%a raw g inlet 134 which is in direct fluid communication with the raw gas chamber
as cha %n %E

126. On its tpper pg} oen, e 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 meﬁi%%%\?@ %Wiji %twgylﬁa?ﬁ%m%%ﬂteilégcim?\dgﬂaigigﬁ'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



- 15 - 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. Alternatively, 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 impregnated with a catdfyst. The catalyst may be different from the

catalyst of the first catalytic medium 138 in order to support removal of a further contaminant from the

clean gas. After passir%? through the catalytic media 138 and 139, the clean gas exits the system 120
u

through theRiREn dds Yuths BN RURrAIGRLITE!IGERRY 198 ireHIdRa I HIGHIIRYACH DO back

device 142 ydirh Ise RIS SETRSBHIBAPR B ithekleMehaainderses afl the Degviotséy shscussed
embodiments i%fF Jghi%ures 1, 2 and 4. Particulate matter maéké% removed intermit,tlzntl from the bottom

of vessel 12% ROLETRAR SV RGPS Y OpyEr O AT AR REN Mo o AL CRRRINES. is
attached toitheéhaalepart af hetveisgptid Zataliadiadle oeantatdig.extending flanges 144, 146 which
allow 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 elehhentpfrositehendwfgtechdinbeicaitbady dlidéadrigapehandacantdied pasbeswhtbugh the

first Catalyti?@%egﬁwtﬁa]cﬁcﬁe 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



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 filte? candles accommodated in the separator walls
of any one of the embodiments discussed above may be provided as catalytic filter candles, i.e., the
filter candles alreadg comprise a deposited catalyst in their filter element structure. Likewise, the first

catalytic meHERthaP e hs dirrirtatrbytis SBEFHbLeRAd The RREQDR pecartCaSIEKd may

be. Since itisciMantegeous in various respects to position the vessel of the catalytic filter system with
a vertical orientation of its main axis, all of the embodiments 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

horizontal orieattkincatiihtinanediisnol B8 vessek Retérefiom-sfimledd thesl Referaratdviexample, a

catalytic filter system was used as shﬂg/lrcl) Cit[l_Filgure Pl Where.thFOfiIter (fandIeF WereTcPB\e/(rentional
a t

DeNOxCat ?f’catgﬁl%cbﬁlt%?n&%cr%sggtso generalﬁ/ SVaifabie BN the aret rom Pall F e'rsystems GmbH.

The catalytimatedium 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
incorporatedfeAeARADFIEISEACE QT ity AR tNay IavEhese- filkeh enayvieps b rysédrin i@typical

DeNOx QDDB‘F@%‘&&@HQKF&H“% RdR)et cPREEAATRR AMRQUBESdfrabant AYPPam\cand R NG
conversion of about 90% is required. _
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.



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-specified catalytic filter elements will have to be
used under typical operating conditions of 300 C for a guaranteed conversion of the NO contents of
about 90% during a three years' period. If the diametérof 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 converS6531 R dbButBGvEamBERRtY (RuAntEB RSP LY tifr EBSHHMY [SehRRlff iR TR AR UExample

1 The catatyic Jiigreshstgpe ancre ng tioeboaieat etlhe gieshné igyewineruspsdhagante
DeNOxCatFil cat I\/élc filter eblemerégeag in the Rel%gence I?«ample. The number of catalytic filter
0 § Q

elements w4ESPHOY HHPLGIRE e ARG AR LEVER AR WIE et 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 ele ts 106 _of the dimensions (outer/inner diameter x
length) 60/4?11 " doamlqI ﬁsﬁas{ea nyCa é%{%%yaré}z{bi?sgac%ﬁll%c%ee iUm %(%\BF]%Yr'egm' of the
DeNOxCatFil filter candles 92 which may be installed as schematically shown in the embodiment of

Figures 4 apgl 5. fqr F‘Jt)‘r‘]’aeﬁ Imé‘ﬁ%ﬁim REa Dody,pl suek o cafRINlE RASAUSRLeARIN 106 a.0allow

cylindrical element o ensions 60/44 x 1000 mm made of SIC granular particles with an

average difABIERQIIEEM iabdIf 58DIATEH Mgt FEBPhPNel 8f- tasiesibrdPes tsadisg yised with a
thickness ofgBoHLIA4) FeOpickRIBRAY BdeAIgHLIRIIRe Eamfeaf RROULALTRBP M AR affcgsed with a

mass ratio of granular particles to fibers of about 40:1 to about 50:1. For sintering this mixture of
granular paftcYBRESHRrdeRRRIFed RREHMet I BRifiBHE 1 6!296BY SHE#KY R a sintering aid, based

on the mass of the mixture were added to the same. An exemplary sintering aid is clay.

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.



Catalytic activation of the sintered element body with an average pore size of 150 20 pm and a pore
volume of 42 15 volume % is performed by means of the incipient wetness technique by using an SCR
(selective catalytic reduction) catalyst of the composition Ti02-V205-W03 (cf. Example 1 of WO
2006/037387 Al). The weight % of deposited TiO2"ift & first step in relation to the sintered mass of the
element body by use of a suspension of TiO2 powder with a BET surface of about 50 m2 is about 1.5.
The appropriate amounts of V205 and W03 deposited in a common subsequent step are about 0.3%

by weight ahB&s5oltOsLIMRIGh 2 e d1RectiVR 9. EYRECIbRANRE 3R FateeoBshB Ham NS a face

velocity of 9a|av e dbatraN @RS fiesulssitadBea Ve DCiHpph L ¥hmA Rbtke ¢learioasowBBBURASSINg
through the cat.;(angic elements of the first catalytic medium because of their smaller surface area as
8

compared 3¢ FERUSa 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_gbout 60%. if an NH3/NO ratio of 1.and gn 02 content of 3 valume % is adjusted. The
combined C@Pne/éd?s%n"réé ecéprEfﬁg(]ceafaa]g%Mfﬁi% 5rre$een 9 Sa'!r‘]?jstrﬁ)% %gtﬁm%eglgomg?cgs 6'3mount to
about 90% ardkecdo lbehjesieatiiecttquied Nt qoerisusid thrBe yelalhs. 1 51H-d tae gley Excmaple 2 is

based ont - ic fi Iﬁpéﬁ.@qﬁ\ﬁ rined i R re the

number of tgia ytié:gl t!aglrﬁe (laé{rﬁggt%?ﬁas een imﬁt%?jgté% 1%%%%&% ﬁea %gmgéiﬁlfﬁ%%ﬁ)%’? m/h. In

order to incfitieBIHE RBOCHRVErsb A Yata ey wonufEr carrbehgulmeriebtepfmbeyears, a

number of 4860 Hihshar getﬁlggc},@g@ngemn elements of the 30 ppi (pore per inch) type and the
irs

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 catafyiceragstinetck09r ah80,/a¥bdp sfotpinedtalytic 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



For the preparation of the appropriate catalytic ceramic foam elements of the dimension 40/10 x 500
mm an Al203 based tubular ceramic foam body of 30 PPi is catalytically activated with an SCR
catalyst of the composition Ti02-V205- W03 by using a wet impregnated technique followed by
complete infrared drying. The wet impregnation tecHfique 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 TiO2 on the Al203 based ceramic foam body by use of a

suspensionBiers22polrde PARA S BEGSsiACR BriSEMRESLD IPOHb\heiIGROMEr8IMBRRFtRe mass of
the ceramigdagih badheAftriqroBTdgieUn a6 BEYIDG iImAe WAtz e thetiprecaduseratithef

afore-referenced Example 1, a thermal treatment step at 300 C for 5 h was performed. The loading
amounts of 4385 Eﬁd’w%f%?etagkaﬁ{a ??Zas%ob')'? @érgrﬁ?r %85&%1)} The NO conversion of such a
tubular catalytic ceramic foam element used as first catalytic medium 100 at 300C and a face velocity

of 90 m/h a ountstto.60°/t%.|f an.)l(\{H3/N(1;) ratio (?f 1 anrqi.g]résoz rt]:gr}ltgnt of 3 g}ur’ge % |§]8rowded. -20

- The combired COnvergion Fates olfrt%é)cgt@wcaﬁlt%? elsmentsand the firstca a[;T/]tlcfc’ 5diim amounts

to about 90eprditican be duisdnteedigitaofimeintatoeridicbagear ormtieesine s dfdivessét-of the
filter systen%l_ﬂ.rédvg%[éegggggl@glgh:lﬁzsid S Rr‘t?%ﬁqﬁ%}%ﬁﬁﬁgﬁﬁ%qg’ Brause of the number of

filter candles limited to 1,000 an itional 4,30 ents. The higher the number of
filter candles to be used, the larger the diameter of the vessel needs to be which tremendously

increases the, 95 A BRRHIRIAG I Eliehversele MR 918Y Hand anhanie beiohs el befiter

vessel needs to be increased in order to increase the volume of the clean gas chamber to accomodate

a further cala(tit MBdiIh2fHE FneRESEIY T id PetaiHIBR. ToxisnRSE & BechieBedas Shstrates

the use of thecCaialylisntilieegysiericehiiig rsasgnisiie BROBAR Jdald&iveniatapyaeassd atiba catalytic
filter system of Figure 4 catalé/i;[ic filter candles 92 for the combined Parti??lf se arc?{t?i n and §atalytic tar
t 9/ %00

reforming yeiel) oofng?ga(f)o Qﬁé'B%'N&%ﬁt\ﬁpééqu)és(.cg' VoiamE Folv R rbdel

biomass gaaifipatine gasgentainingeposited 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.



5 g/Nm3 naphthalene as tar model compound was fed in the system at 850C under atmospheric
pressure. The model biomass gasification gas contains 50 vol% N2, 12 vol% CO, 10 vol% H2, 11
V01% CO2, 5 vol% CH4 and 12 vol% H20 in this case. A conversion of 60% is achieved with a
number of 660 Al203 based grain-sintered tar reforrhfhg 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 H2S. - 21 - The catalytic
filter elements were prepared according to the teaching of Example 1 of US 2009/0019770 Al with the
following acﬁ@ﬁliéll%.ZSIC 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

) o 0 ) 0 :
Mg0-Al203 B(%dr{ﬂn elzszrelsd%%es%f %rrr\] t 'g/lfl)sbgc\)/}'lea{gchatt%)hpﬂ%ﬁltp rV\slellsgcre]trh 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.



In the second impregnation step, an appropriate Ni nitrate hexahydrate solution was used to produce a
Ni oxide loading of 60% by weight in relation to the loading mass of Mg0-Al203. US 2009/0019770 Al
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 abové&onditions, according to the present invention a
catalytic 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 filtdNEaFRIIBRIOShSUNGHIAIRN FRLes A de FREAbAy Bten & ecaely s R is ifsatPslements
is preparedthyyeriahaigi ativatio 0 idsaid ABO3IIEos setorais nagubesditebiheotapidype using a wet

impregnation technigue followed by complete infrared drying similar to the process described in
Example 1 BF0 1683 SRA5%AI, while the two paraffin wax coating steps were omitted. A
MgO0-Al203 and NiO loading of 6.2 wt% and 3.7 wt%, respectively, in relation to the mass of the

ceramic fo are de ited in tw sequent steps. - 22 - catalytic medi downsire of the
o T B T S e e e O g L SR I v
under thesesystainiongyahé venldediobeadrigherfshreyas arint hydrigen gaeldl@s Biortasstgasification.
The preseny iBnling ehialiRrole B dneaeam R Rhgifts SFHUh AR AGMBass the
above-described conditions.

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->O0 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.



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 catdltic 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 elements may be reduced. - 23 - Claims 1. A

catalytic filtd"SySHA Y HnTPERIR MMRPAR OMEIEREFPRRALL SR M HEL RRFM \I8f, a separation
wall providegkismiipee ntesfan of a2z fitoatory veasehaitdta O vrdiyi af flies parbas: wherein said
separation wall divides said interior into a raw gas chamber and a clean gas chamber; wherein said
separation wall comprises a plurality of openings designed to sealingly accommodate said plurality of
filter candleSjQvheaitin sadlibdtibieeid byrahgedna paidictenrofirgatibeizdth said raw gas chamber
upstream of said plurality of filter candles;

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



wherein said fluid outlet is arranged in fluid communication with said clean gas chamber downstream
of said plurality of filter candles; and wherein said filter system comprises a first catalytic medium
which is accommodated in said clean gas chamber downstream of said filter candles and upstream of
said fluid outlet. 2. The catalytic filter system of claim4  wherein said filter candles comprise a catalyst.
3. The catalytic filter system of claim 1 or 2, wherein said filter candles comprise an outer filter
membrane upstream of the filter element. 4. The catalytic filter system of any one of claims 1 to 3,
further comBridHG s SeedhdtdRryastiraduAl dotvAsaEambrEatt G Eia e n@ndIRsasd upstream
of said cleapriasmedtiet. 5. The catalytic filter system of any one of claims 1 to 4, wherein said first
and/or second catalytic medium 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. - 24 - 6. The catalytic filter system of
any one of Traiosal, @ HapHttraiensacd plteediynod fiBdScsandiehiarepantiey tltenesamhsipanation wall
and extending fiom ffe-separatipnwall mione tav gas chamher i s cataviiciter eystem of any
one of claims .dL f/(% é" Wheraindhe Jirst andiBr2éttn cataﬂl?ic Pﬁe(ﬂum IS prowdeq(?ln {He form of a
safety fuse. 8. The catalytic filter system of any one of claims 1 to 7, further comprising a blow back

device accopmadaled{n AR GIHRB SRS BPRAE 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.



9. The catalytic filter system of claim 8, wherein said blow back device is positioned in the clean gas
chamber upstream of the first catalytic medium. 10. The catalytic filter system of any one of claims 1 to
9, wherein the vessel includes a detachable upper housing part which is connected to the lower main
part of the vessel downstream of the separation wal3L1. The catalytic filter system of claim 10,
wherein said detachable housing part is designed to accommodate the first and/or second catalytic
medium. 12. The catalytic filter system of any one of claims 1 to 11, wherein the first catalytic medium
and the optional second and any further catalytic medium comprises a catalytic element in the form of
a catalytic fixed bed, a fiber mat, a foamed struct@g agyd/or a honeycomb structure.

1. 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 filtra-
tion vessel and a plurality of filter candles;
wherein said separation wall divides said interior into a raw gas cham-
ber and a clean gas chamber;
wherein said separation wall comprises a plurality of openings designed
to sealingly accommodate said plurality of filter candles;
wherein said fluid inlet is arranged in fluid communication with said raw
gas chamber upstream of said plurality of filter candles;
wherein said fluid outlet is arranged in fluid communication with said
clean gas chamber downstream of said plurality of filter candles; and
wherein said filter system comprises a first catalytic medium which is
accommodated in said clean gas chamber downstream of said filter

candles and upstream of said fluid outlet.

2. The catalytic filter system of claim 1, wherein said filter candles com-

prise a catalyst.

3. The catalytic filter system of claim 1 or 2, wherein said filter candles

comprise an outer filter membrane upstream of the filter element.

4, The catalytic filter system of any one of claims 1 to 3, further compris-
ing a second catalytic medium downstream of said first catalytic medi-

um and upstream of said clean gas outlet.

5. The catalytic filter system of any one of claims 1 to 4, wherein said first
and/or second catalytic medium 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.



10.

11.

12.

-24 -

The catalytic filter system of any one of claims 1 to 5, wherein said plu-
rality of filter candles are pending from said separation wall and extend-

ing from the separation wall into the raw gas chamber.

The catalytic filter system of any one of claims 1 to 6, wherein the first

and/or second catalytic medium is provided in the form of a safety fuse.

The catalytic filter system of any one of claims 1 to 7, further compris-

ing a blow back device accommodated in said clean gas chamber.

The catalytic filter system of claim 8, wherein said blow back device is
positioned in the clean gas chamber upstream of the first catalytic me-

dium.

The catalytic filter system of any one of claims 1 to 9, wherein the ves-
sel includes a detachable upper housing part which is connected to the

lower main part of the vessel downstream of the separation wall.

The catalytic filter system of claim 10, wherein said detachable housing
part is designed to accommodate the first and/or second catalytic medi-

um.

The catalytic filter system of any one of claims 1 to 11, wherein the first
catalytic medium and the optional second and any further catalytic me-
dium comprises a catalytic element in the form of a catalytic fixed bed,

a fiber mat, a foamed structure and/or a honeycomb structure.





