-Ti t| e: CONVERSI ON OF NI TROGEN OXI DES | N THE PRESENCE OF A CATALYST _
SUPPORTED OF A MESH LI KE STRUCTURE Abstract: A process fgr conver g at
‘I east one nitrogen oxide, such as NO, NJerr], or Nerr] 6) \H‘ﬁ e, | ses

conver ti ngqRerpikaTioRAE kraNEATIbN POKIASH DGR RITHEPAPERF ES86MGETIN RESAL BLYST
supported on a netal nesh-like structure. The nmesh-like structure 1Is

preferably fibrous and has a porosityfteL t han S.bou]t 850d/0 PrﬁfeLreq
enbodi ne fia Bt duted %{ a5kl Rgqand /ety t hs are di scl osed eac avi ng
a catalyot 1o B R AT AR
- mesh-1i ke sheets are arranged in seri ;Q_.\:_\g/« I a ceramc solid lrm_ngl;l 't'?h .
structure w RQ? cor;,ulgatedvsgeets i nitrally r%ﬂ&e@nggn’% blidatlh M L1 e
3) In ational Publication Dage
at | east oné e con d ané ra g n ows
¢ Aphbsn Ay Te Eor g (L 0286egs AT

into the nonolit u conpl e convers

enbodi nefit's. The MEsh-T1Ke - s,‘tru%%%/%gyﬁg)ave }Fu:i Tfer?g{’illigon{;]g Tt i%°%
i ncl udlmriﬂ 23, ﬁ%ﬁyﬁa&% %@Q’émn y o@@ sg:cﬁhﬁ r

1 tewatt & Olstein, 6 Becker Farm Road,
or ceramc a e ous. 14 Novenber d, NJ 07068 (US).
(21) International Application Number: PCT/US00/28473
(81) Designated States rnational): AE, AG, AL, AM, AT, AU,

(22) International Filing Date: 13 October 2000 (13.10.2000} AZ,BA.BB, BG.BR,BY,BZ, CA, CH.CN, CR. CU, CZ,
) ) DE. DK, DM, DZ, EE, ES. Fl. GB. GD, GE. GH, GM. HR,

(25) Filing Language: English HU, ID.IL, IN, IS. JP, KE, KG,KP, KR, KZ, L.C.LK, LR,
_ LS,LT. LU, LV, MA. MD, MG. MK, MN. MW, MX, MZ,

{26) Publication Language: English NO, NZ,PL. PT, RO, RU. SD. SE. 8G, S1, SK. SL. TI, TM,

TR, TT. TZ, UA, UG, UZ, VN, YU, ZA, ZW.
(30) Priority Data:
60/159,800 15 October 1999 (15.10.1999) US

i i : GH, GM,
60/222.261 31 July 2000 (31.07.2000) US (84) Designated States /regional): ARIPO patent ( G

KE, LS, MW, MZ, SD, SL, §Z. Tz, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ,MD, RU, TJ. TM), European
patent {AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE), OAPI patent (BF. BJ. CF, CG,
CI, CM., GA, GN, GW, ML, MR, NE, SN, TD, TG).

(71) Applicant: ABB LUMMUS GLOBAL, INC. [US/US];
1515 Broad Street, Bloomfieid, NJ 07003-3096 (US).

(72) Inventers: CARLBORG, Joakim, A_; Gustavsbergsvi-
gen 1A, §-352 43 Vixjs (S8E). CHANG, Yun-Feng; 10 .
Chidester Road, Randolph, NJ 07869 (US). MURRELL, Fublished:

Lawrence, L.; 1229 McDonough Street, South Plainfield, —  #ith international search report. -

‘NJ 07080 (US). TRUBAC, Robert, E.; 614 Bartell Place, — Before the expiration of the time limit for amending the
Ridgewood, NJ 07450 (US). OVERBEEK, Rudolf, A.; claims - and to be republished in the event of receipt of
32 Lexington Court. Chatham Township, NJ 07928 (US). amendments.

SCHMIDT, Verena, R.; Werdstrasse 6, CH-8004 Zurich

(CH). YEH, Chuen, Y.; 15 Swatford Circle, Edison, NJ  For nwo-letter codes and other abbreviations, refer to the "Guid-
08820 (US). SCHUH, Lothar; Handschuhsheimer Strasse  ance Notes on Codes and Abbreviations" appearing at the begin-
13, 68723 Plankstadt (DE). ning of each regular issue of the PCT Gazetre.

0T A O A

—
< (54) Title: CONVERSION OF NITROGEN OXIDES IN THE PRESENCE OF A CATALYST SUPPORTED OF A MESH-LIKE
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o0 (57) Abstract: A process for converting ar least one nitrogen oxide, such as NO, NOa, or N>O which comprises converting the at
least-one nitrogen oxide in the presence of a catalyst supported on a metal mesh-like structure. The mesh-like structure is preferably

>~ fibrous arnd has a porosity greater than about 85%. Preferred embodiments of structured packing and monoliths are disclosed each
having a catalyst for converting the nitrogen oxide. In one embodiment, corrugated mesh-like sheets are arranged in series with a
ceramic solid monolith structure with the corrugated sheets initially receiving the fiuid with the at least one nitrogen oxide to be
converted and which fluid then flows into the monolith structure to complete the conversation. In other embodiments, the mesh-like

3 stucture may have different configurations including a heneycomb arrangement and may comprise metal, metal and ceramic or
ceramic and may be fibrous.




WD 01/ 28665 PCT/ US00/ 28473 5 10 15 20 CONVERSI ON OF NI TROGEN OXI DES I N THE
PRESENCE OF A CATALYST SUPPORTED ON A MESH- LI KE STRUCTURE.Z25. Q} 0
‘Inventionyfiidlses to the conversion of nitrogen oxides, sUgh. d

NC2, and nore particularly, to the conversion of nitrogen oxides 1n'1he
presence of a catalyst supported on a nesh-like structure. CROSS REFERENCE
TO RELATED APPLI CATIONS 30 O interest are comonly owned copendi ng US
applications Serial No. 09/181,186 entitled Method and Apparatus for
Maki ng a Catalyst Carrier Device El enment filed October 28, 1998 in the
name of Vogts et al. and corresponding to PCT/US99/24907 filed October 21,
1999; Serial No. 09/265,164 entitled Exhaust Gas Catal ytic Converter filed
March 9, 1999 in the nane of J. Lloyd et al. and 35 corresponding to

PCT/ US00/ 06137 filed March 8, 2000; Serial No. 09/156,023 entitled Coated
Products filed Septenber 17, 1998 in the name of L. Schuh et al. and
correspondi ng to PCT/ US98/ 198111 fil ed Septenber 23, 1998; Serial No.

09/ 589, 817 1ntitl ed Heat Exchanger/ React or Apparatus filed June 7, 2000 in
the nanme of Tinothy Giffin et al., Serial No. 09/322,534 entitled
Structured Packing 40 and El enent Therefor filed May 28, 1999 in the nane
of Rudolf A. Overbeek et al. and corresponding to PCT/US99/10784 filed My
14, 1999; Serial No. 09/002539 entitled Structured Packi ng and El enment
Therefor filked January 2, 1998 in the name 1 14 Novenber 2003 WO 01/28665
PCT/ USO0/ 28473 of Bettina Paikert et al. corresponding to PCT/ US98/ 27699
filed Decenber 29, 1998 all incorporated by reference herein in their
entirety. Nitrogen oxides, such as NO and NO2, are undesired by-products
found in 5 exhaust gases in various plants such as power plants, including

natural gasg-fired -
ural gagp'! CONVERSION OF NITROGEN OXIDES
IN THE PRESENCE OF A CATALYST SUPPORTED
ON A MESH-LIKE STRUCTURE

25 ‘This invention relates to the conversion of nitrogen oxides, such as NO and
NO;, and more particularly, to the conversion of nitrogen oxides in the presence of

a catalyst supported on a mesh-like structure.

CROSS REFERENCE TO RELATED APPLICATIONS

30 Of interest are commonly owned copending US applications Serial No.
09/181,186 entitied Method and Apparatus for Making a Catalyst Carrier Device
Element filed October 28, 1998 in the name of Vogt et al. and corresponding to
PCT/US99/24907 filed October 21, 1999; Serial No. 09/265,164 entitled Exhaust
‘Gas Catalytic Converter filed March 9, 1999 in the name of J. Lloyd et al. and

'35 corresponding to PCT/US00/06137 filed March 8, 2000; Serial No. 09/156,023
entitled Coated Products filed September 17, 1998 in the name of L. Schuh et al.
and corresponding to PCT/US98/198111 filed September 23, 1998; Serial No.
09/589,817 entitled Heat Exchanger/Reactor Apparatus filed June 7, 2000 in the
name of Timothy Griffin et al., Serial No. 09/322,534 entitled Structured Packing

40 and Element Therefor filed May 28, 1999 in the name of Rudolf A. Overbeek et al.
and corresponding to PCT/US99/10784 filed May 14, 1999; Serial No. 09/002539
entitled Structured Packing and Element Therefor filed January 2, 1998 in the name
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power plants, waste-to-energy plants, and fuel conbustion plants. N trogen

oxides also nmay be found in the conbustion products of di | nes. ’
U.S. Patent No. 4,280,926 discloses a nethod for produciﬁggggégﬁgﬁ%ﬁﬁk 10

mat eri al hWS’rolfzéﬁféct i on of Ini thr ogeﬂ oxihdes u]Ei li zi ng ammﬂi £CTFIS0838433 ng f
e $ ! aues
o et al T o PhBrFgRAIKLEY & roRERiE & RGTASITETER Rk Bghter e

product can be;dosr in@Eorphfafddl BfreRfehdipAR A iR dufirt al ytical Iy active
agents. The sheets canonﬁ-% asha ec? t% a honeyconb stﬁcture and fixated by a

silica solution adhesive. 15 U. S. Patent No. 4,416,800 discloses a nethod
for producing a- catalytic .materjal ... The port terial ha hg shape of
a fibrous sheet coﬁgf@éeﬁé’xﬁgg’n%ﬁb aﬁé‘@@@%&ﬁgﬁgﬁéuﬁ E%'rp?cfﬂcgfeﬁ’“ﬂﬁt"ﬁ a
catal yst casri ghaRQVESEs inTVioRs P sE@Nad BowbplahR iR S datdyal gzas—ﬁred
i npregnation in slurry or solutiion containing carrier materials 0 and
cat al yti cal | y poovérpdamigevasts-toTanergyaplantyidnd firelt ecamitaistiomplapts. UNiGwgen ox1dgy

reduction of nitrogen_ axides .n the presence of. .anmoni a (catalyst: Cu, Fe,
VMW and Wb oHeagsge R SRS PSR (e Hox! de and

hydr ocarbons (catal yst: Pt on A1203 or Ti2) 25 In accordance with an
aspect of the present invention, there is provided a process for renoving

at | east one nitrogd Bataée No.oh280.P2&iidisclosas gamethed| faF prodpeing aTeatelptiecess

conpri ses nv, L . : d ' kN, t e a
ot yar - si8p ikt BauBhon SARIoBAF ol QOFARE Mt s MAHRE AEARCTRE
preferably hauppompanaistitly haf tigy ebiper of harfibB®% shyeef@nsibliyg tdiensmpatetdliike
structure is fibrous _30 and made of 6} et al , I’T'Et‘i‘i?!r %FlggceraMC or _a

€

ceramc. |In a PoRAME fibahmdted With deratalytig actser RRY rogugigiagshe furter
greater than 9Q%4 ; Ij}@ﬂg . : gg@ﬁs / 7 till
further aspect, teﬁgo)i‘l;ﬁq I eas?gg%negégigﬁl%%gnaqéglg | éeg}glst%ggéi%&%o%abﬁ%a’ a;r oup
consi sting of WNOepsoniN@ucturd ahid Oxated bx afsilicalselutma@dbesivet he at | east one

ni trogen or]é'de is selected fromthe group 5 consisting of NO and NO2 or
m xtures tnereof In another aspect, the at | east one nitrogen oxide is NO -

I n anot her aspecU.S!t Pateat N2ask16860 Ndiks1o@eN2 One@Od| for NGBdudiflg a- catalytic

material. The support material has the shape of a fibrous sheet consisting of non-

metallic inorganic fibers mixed with a catalyst carrier powder. The product can be
further treated by impregnation in slurry or solution cdntaining carrier materials
20  and catalytically active agents. The catalytic material can be used for:
a) reduction of nitrogen oxides in the presence of ammonia (catalyst: Cu, Fe, V,
W and Mo on Al;O; or TiO,)

b) oxidation of carbon monoxide and hydrocarbons (catalyst: Pt on Al,O;3 or TiO2)

25 In accordance with an aspect of the present invention, there is provided a
process for removing at least one nitrogen oxide from a fluid, in particular a gas.
The process comprises converting the at least one nitrogen oxide in the presence of
a catalyst supported on a mesh-like structure. The mesh-like structure preferably
has a porosity of greater than 85%. Preferably the mesh-like structure is fibrous

30 and made of a metal, metal and ceramic or a ceramic.

In a further aspect the mesh-like structure has a porosity of greater than 90%.



anot her enbodi nent, at |east one nitrogen oxide is N20. In yet another
aspect, the at |east one nitrogen oxide includes NO and

‘anot her aﬁ%te(ﬁ}ez %he at | east one nitrogen oxide incl udeg%verlnﬁﬁéf@ﬁd N20Q.
10 In a fUt &P spect, the catalyst is coated on the nmeshPETHSOMI Tt ur e

and  preferably the SO kel ISKNGRE of Rabi 58 RH0MLSY Q08uced T 3hd |

further aspect, a process roma gas conp

oxi di zing the contgmupexdngﬂamg)ommeh@N,ong t he NOZ W|th a netal

carbonate, bicarbonate or hydroxide supported on a nesh- like structure, the

mesh-like. structure conprising a fibrous material of at |east one of a

“nmetal. netal and c kG r r: 87%
20 IN THE DRAWNG  Prapperispes ﬁ&@‘a&eﬁ%}ﬁﬁ%ﬁ’%&é@u oty §éclg%/{°‘g%° thg Dacki ng

struct ure uSefasnsisfing o£Xp aidNQy ot hﬁxmresrtherpmeSInoénotlm appesahe at asndieon;

FIGURE | ais g diagra for_ explaining paraneters of a corrugated
packi ng naterlré?roceé"so’ﬁ*‘an%%z In gngther aspRgtt the @t %ﬁ?rﬁ‘gﬂg%%ﬁﬁﬂﬁawaaﬂéw of

view of a packjndger ShbUBHGE aPTEAQ U Sito eﬂroxﬂﬁ%w rhfe 8P LspleBtY B8t 1 ON;
FIGURES 3a, 3b.and 3c are dragrammatic View of di ere |na i ons  of
packi ng el errerﬁtéeasfrmnilrigoghnrmnée umhjdes NIChanddﬁ@lzqu yet anwber aspectphhéfaefeestt
conbi nations to obtalna ﬁ\b g& 30 FIGURE 4 is a
perspecti ve vi®FTGFOE" S dP?P?F %@‘Eﬁg packing elenents of Fig. 2

| aid out impside-by-side relation to show their relative corrugation -
orientations in the enbodinment of Fig. 2; 3 14 Novenmber 2003 WD 01/28665
PCT/ USOQ 28473 FI GURE Burthsr gsprst.cthecatalyseds peateentthe aneshdikeostructyerandon of
one of the nt of Figs. 2 and 4; O
FIGURE 6 is a%n%flré%% e?{"‘“ kﬂésg? GQS&‘E’?B’@nggh?ﬁe el ement of FI GURE 5

taken at region 6; 5 FlI GURE 7 Is a nore detailed view one of the vortex
generators of Fl GUI%I%

U

a still further aspect, a process for removing NO from a gas comprises
15 oxidizing the contained NO to NO; and contacting the NO» with a metal carbonate,
~ bicarbonate or hydroxide supported on a mesh-like structure, the mesh-like-
structure comprising a fibrous material of at least one of a metal. metal and ceramic

or ceramic and having a porosity of at least 87%.

20 ' IN THE DRAWING:

FIGURE 1 is an isometric diagrammatic view of a packing structure useful
for explaining the principles of the present invention;

FIGURE la is a diagram useful for explaining parameters of a corrugated
packing material.

25 FIGURE 2 is an isometric fragmented sectional view of view of a packing
structure embodiment for use with the present invention;

FIGURES 3a, 3b and 3c are diagrammatic view of different combinations
of packing elements showing dimensional relationship between the different
combinations to obtain a given catalytic result;

30 FIGURE 4 is a perspective view of a plurality of corrugated packing
elements of Fig. 2 laid out in side-by-side relation to show their relative

corrugation orientations in the embodiment of Fig. 2;

3



6 taken at region 7; FIGURE 8 is an end view of a portion of the packing -

element of Fig. 5, FIGURE 9 is an isonetric view of a secq ' ‘
structure_enbodinent for use with the present invention; 13@%?@6? Gais

a top pl aWQERSf one of the packing elements of Fig. 9; ROTASE28403is a
front elevation vie .packing element of Fi.g. 10a taken al i nes
10-10; FI GURE 11 is\ﬁlﬁ‘g{”&‘#‘gF%WF%%‘%‘*e%tﬂ’i"ésp§9'?¥?c‘flg?’€%8f?°ﬁ?<§! Signeml e 122
is a more det apbgehavdEMe@En® uBQ fni AR e@bodilRnbbf Pt W sn0f; Fig. 11; 15
FIGURE 13 is a front elevation view of a blank fdrm ng a packi ng el enent
of the structufe of FREGREeS &;a mb@UREiled view aha penivatafitive slementoff FAIGRERIKSng
nodul e in acc0£gance W t&ia further enbodinent; FIGURE 15 is a further

i sometric vie _ f“rfgg’;?& ing nodule of Fig. 14; 20 FIGURE 16 is a top

pl an sectiosgal vi ewrpGURIEe7 %@ﬂ@td’%ﬁi%@fviézw Bne %ﬁ‘%lle%ﬁ@* BéhRatBRVSFIGUREHUI €

in a tube; FIGURE 17 is_a plan view of a set o anks Used to nake the
nmodul es of Fi @ékenatmgibmis; FIGURE 18 is a nore detailed view of a portion
of one of the bl ank g, . 25.17 illustrati t he, vane for i on; and.

Bl GURE 19 1 o a di agh W RECtreniege Yisth Pkt R el e s Fer B BEF I Ot e
present invention. FHREURErIMs'dei¥bmetit dbwloFasdecOME paikidgO@aRnR ¥ ief®odindént Us ed
herein, nmeans {hat the at |east one nitrogen oxide is reacted with a

nol ecul e(s) t ofopMERINEDB the BressRtdnventigniNovenber 2003 WD 01/ 28665

PCT/ LF500128473 ni t 3 | | .are not |jp@ted to,

oxi dat i on- ?gduct [ onpﬂggggtii%gggé EWE’%%@?\Q{@S‘? :)bgglfle, g#klg%aeﬁemggi?f%?ﬁeg’

ni trogen oxi de is fFIGWREUIQ ez fioni dlevetdbn aiety bhéfe pakivcedembihthofaFigetoh

carbonate, bi cts%boiﬂate or Q?v]g&oxi de to produce a netal nitrite and netal
%‘l -

nitrate, with Phg fipes nitrate being reduced to produce diatomc

nitrogen and regenerriGRENG i§B4GY plaARRANGE B sRLGRILNTEL &, 0 hydr oxi de.

FIGURE 12a is 2 more detailed view of a portion of the structure of Fig. 11;
15 FIGURE 13 is a front elevation view of a blank forming a packing element
of the structure of Figure 9; '

FIGURE 14 is an isometric view of a packing module in éccordance with a
further embodiment;

FIGURE 15 is a further isometric view of the packing module of Fig. 14;

20 FIGURE 16 is a top plan sectional view of the embodiment of Fig. 14

showing a packing module in a tube;

FIGURE 17 is a plan view of a set of blanks used to make the modules of
Figs. 14 and 15;

FIGURE 18 is a more detailed view of a portion of one of the blanks of Fig.

-25 17 illustrating the vane formation; and.
FIGURE 19 is a diagram useful for explaining certain principles of the

present invention.

The term "removing at least one nitrogen oxide," as used herein, means that

the at least one nitrogen oxide is reacted with a molecule(s) to produce diatomic

4



The mesh-like material is conprised of fibers or wwres, such as a wire or
fiber mesh, a ceramic fiber nesh, a conbination of netal 1@@‘%\/&%5 'o‘bs
‘fibers, aw@Biseed €/t or gauze, netal fiber filter or the Igke . The.
mesh-1i ke structure may be 10 conprised of a single |ayer, of y P21 ude

nore than one |A¥gfen. | ISURYreB&idRAGcREe, Vil &% nBr Fimited %é%i&}.tit?aqw .

‘g/'-rreﬁuction
structure or a woven wire structure and preferably 1s nprised of a
plurality of | agstensf Invnoter aspect, e at least boe nitegehoride is firsmfnthep naldized

network of materi,als. In referred epbodingnt, the s ort structure is
conpri sed of aaﬂpf}}nfﬂ Fﬁ?t'%f%tgfe%tagfm?’?ﬁ@?g&tcﬁ‘g’fmﬁé’rggﬁ@ﬁ%"dmr BIGYRT ¢ i n
the layers. 154N AfrBeheni¥el] alfardBYitheie yeite il RtARUHOreBudBB I promRl.
Alternatively the nmesh fibers may include ceramc fibers in placée of or in

conbi nat i on i tdipteaicanitpeeneans regesraigrihe methlegarbanstee bicarbenate onbydriosidey
avai lable from Crane & Co. of Massachusetts, USA. 20 In a preferred
enbodi nent wherein the nesh-like structure is conprised of a plurality of

| ayers of fibers to Thermeshhitke Mareial isdéomgitied Al fibeef ¥owkefsubmaghi wirs or t he
t hi ckness of Stﬁ%h support is at_least five mcrons, and generally does not
exceed ten ni NOFhBEERs2 cPrimie AbeHMesR hicombinagpriodmete aWbertpmicnfibersha

t hi ckness of t rudeS nfall LGY I rah

| east 100 micr %ﬁestalgﬁ%wfé%ezner alfﬁ%%g%%go{r%ht% @%eg’ﬂg?g%{'ﬁ‘gﬁﬁ@?‘gﬁ%% ,
general , tHé t bowkrieskola sidglarimpeey orahay melutle eors thihionb 1dver, M ke bp mudaloift y
of layers of fibers is Blnggjs han about 500 m crons, preferably |ess than
about 150 mi cPoifS S&d ge‘i)r"@?eeftg‘lﬂ“?el%s"’s WOYER Yapotitucste dnd rpspterably, 1g

preferred 30 epbaphseNif a bl*ﬁ@dlfrgioglﬁﬁﬁsoﬂﬁirﬁg SFEhES t&?orhfg g&g?eﬁﬁnérﬁigr{a?m

about 8 to about 25 mcrons. 4 "Novenber 2003 The t I mensi ona
mesh-1i ke strus¢tnosk nefy misgerjglodubed asfdesic enboediment,ULS. suftstre strublurdes

5, 304, 330, 5, 08 102, 7 ox. 5, 09 63 .1 ncorporat ed efefepnce in
their entiret ygcn??g?eg 3 Iﬁ%raﬁﬁ'd%tﬁgﬁfﬁa?ﬁﬁ%‘ﬁé%raf € {iﬂ ed&?ﬂ‘@'ﬁé’s‘ﬂjf‘? E’é’ers'
structure may Deeiopbieemebys MEPEedstIas pRidcing bhagaasede $0tdmedelyihd MRsh

af orenenti oned gatent& 5 The nesh-like structure that is enployed in the -

present i nvent DBFFS Mt mslide sarspue dbers i plageyaft oron qombination with frictat ifibersl y
smal | that nor galayc f EHid hdsB¥Y | Re n%mﬁ)é@izﬁ"lﬂft Rl OU N R8ane & Co. of

Massachusetts, USA.

20 In a preferred embodiment wherein the mesh-like structure is comprised of
a plurality of layers of fibers to form the three - dimensional network of materials,
the thickness of such support is at least five microns, and generally does not exceed
ten millimeters. In accordance with a preferred embodiment, the thickness of the
network is at least 50 microns and more preferably at least 100 microns and

25 generally does not exceed 2 millimeters.

In general, the thickness or diameter of the fibers which form the plurality
of layers of fibers is less than about 500 microns, preferably less than about 150
microns and meore preferably less than about 30 microns. In a preferred

30 embodiment, the thickness or diameter of the fibers is from about 8 to about 25

microns.



porous material in the presence of negligible pressure differential

t hereacross on opposite surfaces and a porosity or voi H4RbidiaMdpgh 1S
greater than 85% and preferably is greater 10 than 87% and nore preferably
is greater than 90% The term"void volume" as used herein is determ ned
by dividing the volune of the structure which is open by the total vol une

of the structmheeahfce RBAERGHaPMHEHBENFRILE hitly) bedpddibeh tds RleYdrbad By 1180. I'n
one enbodi nent, the catalyst is supported on"the nesh-like material w thout

the 15 PetenbNumbpass0saith,e80:963p 61102745 onAPOREH3 drouwiatehby refirencsainal yst
for converting Qjt i ). 1S su rrted on.,a particul ate. support
that 1o Siafrdl’ PR L R PRERE e yis? aPBhbe Pl e
her ei n i nylpustesuransth@ ko dssebedinlies Afeamemadnel phtess. €l ongat ed parti cl es,
fibers, etc. In 20 general, the average particle size of the particulate on
whi ch®cat al yst may be supported does not exceed 200 microns and is
typically no T ) j I . A i in the
ey or 1ty of - consaartikE SRl TLELRRTINCL h e P AR ELEupluta

parti cl e catelyet orothe sest) spfficiantiylsmbk that soratally dagt i@y @bt wkitbivsl throdghtiee
generally at |least 0.3 mcrons._ \Wen_  the catalyst supported on the

parti cul i’t"é)ué G g‘ecmﬁstegff %nqgﬁgb}%grﬁsq%%fféwgpégtggg@ms§ OnOPPSSItG 7o of
the cat algygdces hkgpz&)f)&roﬁl%ﬁ&rx%lid Yol#a8 SvHi@lis %f‘e%f%?%aﬁ%S% %%f&ﬂy isI @ag%r

entrapped in th mesh,” general |y does not excee 150 rons.
enbodp methand¥7% tnd moreameferahly is preatertihn P0%e Rierterot twoed vabirae” dsursed hemim as a

support for.the tal.yst is in the.formof a s ed struyctured packing.
This pack] (Elegter%r}le%g)é[ ‘%%‘%glgntﬁ? 6‘5}}”@8 Ogghe g?ﬁliu{eb‘g%g@ggl BRI qﬁﬁ}égg iYﬁE’meSOfgi ven
by exanplig shactpfeqvpehengs and indsirihtend Pandahultipi9ingdy 1obase flowi ng over the
catalyst in the reactor. The mesh-li ke catalyst support structure may be
provided with suitable 6 14 Novenber 2003 WO 01/28665 PCT/ US00/ 28473
corrugations i : r Vi i r.hul. i,thed in
more detai . Hoelt Sebodifalt B MO pRTER G e GREAT, ATk

i ncl t9e tusdsf aqartiontatessuppgrenerators to provide for turbul ence, al so as shown
hereinafter. The presence of turbul ence generators enhances mxing in the
radial (and longitudinal) direction 5 and al so i nproves access to catal yst
ei ther coated ' : LA re
differential shggﬁdggeé%?hgﬁﬁn’ggﬁ#egﬁ%%h%?@%? %%’3?’95? ﬁzﬁ%ﬁgﬁ‘i@f’% f1 ow
The st r uéparticuaissuiponghgansupbertedya themeshelifeonaterodi. Theredu pertisulate aassed

herein includes and encompasses spherical particles, elongated pasticles, fibers, etc. In

20 general, the average particle size of the particulate on which catalyst may be supported does
not exceed 200 microns and is typically no greater than 50 microns with the average particle
size in the majority of cases not exceeding 20 microns. In general, the average particle size
of such particulates is at least 0.002 micron and more generally at least 0.5 microns. When
the catalyst supported on the particulate support is coated on the mesh, the average particle

25  size of the catalyst support generally does not exceed 10 microns and, when entrapped in the

mesh, generally does not exceed 150 microns.

In an embodiment of the invention, the mesh-like structure, that functions as a

support for the catalyst is in the form of a shaped structured packing. This packing can be

30  configured as described below in embodiments given by example to provide for turbulence
of the gas phase flowing over the catalyst in the reactor. The mesh-like catalyst support
structure may be provided with suitable



a roll of one or nore sheets that is placed into the tubes of a reactor
such that the .channels in the nodule follow the |ongit ugNeaémper et on of
the tube. ‘{Qﬁ /%aro‘?lﬁé,can 10 conprise sheets that are flat, corrugated or wavy
or a comnbi } hereof and the sheets can contain fins ofCHEPWLET

ronote m xi ng. . Th heets can .al so .he shaped int orrugated strips that
gre separ at edgf?c’%%i%rﬁ Bt REFT B9 BLOYY stgéﬁﬁﬁfﬂfﬁﬂ‘%@%&mg ‘iqSF‘ilbfidhg‘ gio7e of
the tube and argetdihéleinaf@l NekerliiveB), 48 mBkH-BRe st?uc@l}d"% Mi?gﬁ%heﬂb@tof%gﬁ%k

W )

or conbinations thereof. Alternatively, the nesh, _ met a
ceranmic or 15 cRSNSRRQIS o peavide fasytubaldnse.nadsd anshovan horemadiond Terpretence ofii t h

paral l el chann | s,.0f _the honeyconb.. i.ncl ude,.hal es and/ or
tur bul ence gen?rug%ué?n£gt%ﬁg§{b?§ﬁﬁ?a§rceﬁ Hg?"lélgslgoﬁﬁﬁ@gﬁ/@rqs]%Ergltﬁcﬂmglll)n Irection

reactants t o5t hadcadcdnybvesldeckss th @abi@ystBiipirsdoard dohat er{tx'%ﬁp&?ﬁhtht thédhby

support that supports the catalyst 20 may be enployed in a formother than
as a’ struct ur eP'HEWNE loga] pressurepifferantials pssass the wesk @pgdhes peegting afdoivingl as

- rings, particl egr.rd,PRORS "I‘hgtsg'aclﬂ{:&l ;ﬁgﬂ%gééﬁg _aislg b3 ih PRCEQL of af%gd@acsg&dasbed'

The catal yst which Is support on t ke 'structu present
25 on t he nmesh-4 tokleofsangpymorasshaets et iinplaced inke thei thbss of a Fédefir Subl @iat figy M

th h like struct d t and retajned in the
nterstices of TREAEY e el Gl e BheiaRma st iy e cbat sl &8 ¢ he
mesh - |ikeit roagiprice shastdthieirealaY, Qhrugal of S U m Iﬁ:é%konl HleRBE B8 B

spraying. The catalyst particles nmay be applied'to t I ke structeure
by contacting tsheetyrehcantaie figs oo biples ¢o pranpota niikiggi dhechtétngan alojpeshapedn

f bly in: ti b t hat .i ncl h ticl
(P persed 1n a0 EsRlkdinia il < tnatlal nir daeh Pibet B9 8 e gnded s G,
enters or 7 14itNevspdef th2@be andGrO 3366 G/ WAIRONARE TS cWintdtizal MHbAe

mesh-|ike structure and fornms a porous coating on both the interior and
exterior porti GhsoBPIRaHans,berrof |Adtematively uthe mesh, witl mstabrmetd! enbergimisrr,

the |iquid ppatdngiC@RRRSHH -k ' viscosity of .no.qreater
than 175 centi st okes gﬁ%’ g&g%%@gaeféﬁ%{ag}n%tg &)r%bsatf% rgrmﬁgﬁmngoﬁ%“mqs'
dynes/cm | n offdcahbusineithe hoheycoathadys tndiglednidseshdantterbhi@cegekeriiyrs to

i p- ing. |nua ;
di p-coating allow for increased mass transfer of the reactants to the catalyst.

It is to be understood that the mesh - like support that supports the catalyst
20 may be employed in a form other than as a structured sheet. For example, the mesh -

like support may be formed as rings, particles, ribbons, etc. and employed in a reactor
as a packed bed.

The catalyst which is supported on the mesh -like structure may be present
25 on the mesh-like support as a coating on the wires or fibers that form the mesh -

like structure and/or may be present and retained in the interstices of the mesh -
like structure.

The catalyst may be coated on the mesh - like structure by a variety of

30 techniques, e.g., dipping or spraying. The catalyst particles may be applied to the
mesh-like structure by contacting the mesh-like structure with a liquid coating
composition (preferably in the form of a coating bath) that includes the particles
dispersed in a liquid under conditions such that the coating composition enters or

7



preferred enbodi nent, the three-dinensional nmetal nesh-like material is
oxi di zed 10 before coating; e.g., heating in air at a teRbams 20b3from -
300C up to 700C. In sone cases, if the nmesh-like material is contan nated
with or gdMP@LA6®ri al, the nesh- like material is cleaned PCIXAIS00/28473

oxi dation; for exanple, by washing wth an organic solvent such as

acet one. 15 Thwicksartorige meash-like spuefues anyd formsrd perdus edatmgtorshathahe ofterior
organi ¢ sol ven . ST iLch i.he rticles are dispersed. The

pol arity of thgefds%{?%éoﬁ;%?géﬂsed%ﬂ?{%m%ﬁgﬁ% “l ower than that of water in
order to prevent high solubility of the catalyst and to obtain a good
quality slurry for coating. The solvent systemnmay be a m xture of water,
ami des, esters, andlad ed empedigient the ﬁqmdi@@bsgtcymposmmh@baﬂm@a@ath

is 20 prefeeab); endd t he.surface tension thereof
Is prefer abet)+'%(:s(JsSﬁS$ t% E%ﬁ%ﬁé&%@eg%%ﬁﬁ%ﬁ%@%‘%& g&faecg YRS L f&ongre%tg {}'r"?‘B
i nvention, the30dedined/ttie structure that is coated includes netal wires or
fibers or ceramc fibers or netal and ceramc fibers and 25 the netal wres
or fibers that are coated are selected or treated in a manner such that
the surface tensiongther [ i tern ne y
the nmethod descri ggd&?nﬁﬁﬁgi/rg%@eggi%% egicg%{e&aj?sgt?%g@oeﬁl?g%tq %Aﬁoaﬁ}ég fing
Wettabi | ity arpfelanheé smbodimenethe cthree@mensiaral Soutaletysh-H@6hateridDid oxidizadii ng
a mesh-1like,structure.that incl.udes netal fibers, e ljguid coatin
conposi tio 0 prbe %F§B1”§F515§"ahc§h'?$ H'b@‘rtaéﬁﬁﬂerﬂlﬁﬁégﬁ@té {ug t307(5’00&?rné;§/ cm
and nore pref@nrihyesf eH8 BopUkeTRattRal 1OEAMBRRES Withas ﬁﬁ@&afeﬁgl,'mérh&%-
capillary tube_ method, as described in T.C Patton, "Paint F oW an
Pi gment Di sperliednaterialds eleaned prioro qusidativesrfop exnpleyd0wasBEsHith an organic
PCTI USOO 2847%0}0%@6&[1%9&?0 l.ence, 1979, p. 223. At the sane tine, the
| i quid coating conposition as a kinematic viscosity of no greater than
175 centi stokes, as neasured by a capillary visconeter and described in
P.C. Hemepnz, "Principles of colloid and Surface Chemstry", 2d Ed.,
Mar cel Dekier | nc. ,lheqggtingbath goprefsrably & mixedaselvembasteneaf orgatie solvespand y
and surface t | : eTUU s | | £l OlF 4.8 rdinated with
The surface t anaron hich\fe pafit)é e KDY SRRk BF he SRAAELARSS:
preferably lower than that of water in order to prevent high solubility of the catalyst

and to obtain a good quality slurry for coating. The solvent system may be a mixture
of water, amides, esters, and alcohols. The kinematic viscosity of the coating bath is

20 preferably less than 175 centistokes and the surface tension thereof is preferably less
than 300 dynes/cm.

In a preferred embodiment of the invention, the mesh-like structure that is

coated includes metal wires or fibers or ceramic fibers or metal and ceramic fibers and

25  the metal wires or fibers that are coated are selected or treated in a manner such that

the surface tension thereof is higher than 50 dynes/cm, as determined by the method

described in "Advances in Chemistry, 43, Contact Angle, Wettability and Adhesion,
American Chemical Society, 1964."

30 In coating a mesh-like structure that includes metal fibers, the liquid ooatirig'
composition preferably has a surface tension from about 50 to 300 dynes/cm, and
more preferably from about 50 to 150 dynes/cm, as measured by the capillary tube
method, as described in T.C. Patton, "Paint Flow and Pigment Dispersion", 2™ Ed.,

8



.suc'h'that the liquid - coating conposition is drawn into the interior of
the structure to produce a particulate coating on the mesRolddesrstongct ure
‘upon dryi tal to be 10 coated preferably has a surface tension
which is gn‘rgga'l]!ggﬁﬁ han 50 dynes/cm and preferably is hi gherP¢HHROY3§473

surface tension | i qui ati C osition t bt ai n spont aneous
wetting and pent\a’?1 ];Iea{'ilﬁgeﬁscbegl%?’ﬂleﬁ |I(J:|L]71r}g i'ﬁ{%etsﬁge ;amee%eol?qub‘?ac?%gr@@?m‘l“ﬁ“t he
case where the e alkifémiteevisédsitgtof® ghaterithad Q7hchRAbIRY HOSSeaBRbd AV G

15 the desired surface tension, the structure nay be heat-treated to

produce the desFRRHRTY sYipqometert &Msigsariberhin |PGuiiemen i"Rundplep ofi ¢alloid @ad be
prepared wi thou Walcl=Ts a ' i dherence of the
particulate coating to t e"ry:’t?fjggbg@s&%ﬁ%%qécu’rc%gb&g]sit he structure to be
coated.may abso be chemically or physically nodified to increase the

attracti on between tPe sqlﬂlface and the gar,tic_l es that formthe coating;

e.& , heat treatnent TorfUSh@hicBRPIRsEH ithe Jiscentornd sarfassrtersien of sherfdiquichri ds
content of the g@ahbREIMPBaLtbI%ERESE nhikd! %%Q % - Q2
preferably from abo%t 5?/:9%10 agout 3 %éad‘?'ﬂlfe&lgat ?rgém%nsggtﬂgeo%?%rhe%ggﬁ{%t%es
such as sur f act suchghat dheslppiid actasing warnpositiorois didven inod sheentsrioraifthe strucgaaes al |

the weight ratigo qf additives t articles i.n the 30 coating_path is from
0.0001 to 0.4 a?f&gﬁ%eraepaﬁ?fé#ag?%ﬁ?g@ %?%‘dﬂ‘etsguﬁt.uiéupﬂ‘%é’%%h- ¢ Retalin B¢ 1ol
preferably 18 coatsddpfersiiphiada bitacBuehio khisPietidler thitf 802aRENInpat h
one or nore tines _while drying or calcining in between dippings. 9 14
Novenber 2003 RAeferably g% bherchaydn st Jensien of thse Hauid rcoatdfg torepbsition i

preferably at r . b ufficiently bel t he

boi I i ng poi nt o? %htgﬁi L qui @1 |%u?£heﬁdb‘%?'§?&b%ﬁ°§rthe§b%?¢ e tp’? Hﬁ%@ﬁwﬁ Rgsh.
material that includes a porous coating conprised of a plurality of
particles is dried, preferably with the material in a vertical position. 5
The drying is prefer@&ﬁ?c%ﬁééﬂmqhgﬁg@lwﬂ&ﬁﬁw&@ﬁ et 1§ t@ be reatpchdoagaot heveh
as air) at pstanp@eatdd e £h95A t{'tflﬂﬁ-é yBY 1ol b O ! o
150C. After drying, the coated resh-1ike ?rraﬁycragr%ilgﬁapﬁggtgg)f T%Sg%{ey@gﬁ%gl%\&ed,
‘for exanple, atsurfacqtenpenm.ature of from 250C to 800C, preferably 300C to
500C, nost preferably at

= w]

The liquid coating composition can be prepared without any binders or
adhesives for causing adherence of the particulate coating to the structure.
.20
The surface of the structure to be coated may also be chemically or physically
modified to increase the attraction between the surface and the particles that form the

coating; e.g., heat treatment or chemical modification of the surface. -

25 The solids content of the coating bath generally is from about 2 % to about
50%, preferably from about 5% to about 30%.

The bath may also contain additives such as surfactants, dispersants, water
soluble polymers, etc. In general, the weight ratio of additives to particles in the
"30 coating bath is from 0.0001 to 0.4 and more preferably from 0.001 to 0.1.

The mesh-like material preferably is coated by dipping the mesh-like material
into a coating bath one or more times while drying or calcining in between dippings.

9



about 400C. In a preferred enbodi nent, the tenperature and air flow are 10
coordinated in order to produce a drying rate that does Whodh®Sto003 ‘
adversely the catalyst coating, eg., cracking, blocking of pores, etc. In
many case¥O00/2846dwer rate of drying is preferred. This sl 8GEAISHRE DS
drying can be acconplished l%y use of a humdified drying gas. It may al so
be advant ageoudhe demaemtrd ofhihgi bath yis opreferably ray | agM geEIpgERtEe, buhdes da B
time. 15 The thi t . 5 ' . . In general, the

t hi ckness is afﬁi%%géfb‘%g%tg?e%@f%gg&flwgt%gg‘ggwn%}\%%%’ét er than 100 m crons.
Typical 'y, the coat iAfgr codtingkihe ieshdike@seriah g1t bRludecs pHrduatEhtifg cémprised
typically does not_ exceed 30 m crans. plicant has faqund that, coati.ng

t hi ckness of | 853 plusalify 96 pastictesris dgﬁ‘i}éﬁ% Ebiyawith g matstaldpsasverfical pesisioand,
therefore, | I . FITK S YSL . ' A
mer i ol tha e o ohEREl BGhbItl by Eiftad Vil 4 B el hofln bt
particl es whi crengemmuriess fréte 208t th NIHOPO pea qiréfatablyofromi PJ0ACeao 1500Q tAfter

three - dinensi,onal petwork. Thu t he re size_of the three - di.nensional
25 material aniPie 1B 08 bRy %fm%tﬁr%?plarerﬁ %Rﬁaﬁsifﬂge’fﬂ’éplﬁ’oé’i i?ng,
in effect, .dejaigddgeldteRIDINC AEHOYD] ]%(@f(‘)e?ﬂbtl))’B@(ﬁ"CttP%O@@tthQ préiabfoR be

deposited in the” interior of the networ mat eri al and/or the coat’ing
t hi ckness in t Aeouhetf3Ck. IFha prefermgdr embedipente thé Aewpehmregrandt eir flore are
t hi ckness t he coatin ich _can be unifor coat ] n, accor.dan ith
the t nvent 16, SopsAiRey AEoELE hrfe A bt el ansS BPLAq! SvBREBl A
cat al yst precuegdihg, d.9Ecratiifg Hlbckid &Bporéd)etcdenasiny cades,!dgloRer fatLdffyinigS
treated to convert the catal yst precursor to an active catalyst. In the
case where t heisgueferred.eThigslarer srte afslaviag cenibe accomplisheddy use@f pahupidifieder

catal yst. suppord Mt SR A5 02 s R A1 vl hOMtBy BRAS Al e«

appl i ed to sucfunstgrpefitime.e. g., by spraying, dipping, or inpregnation. 5 1In
using a co?%ing bath, the coating slurry in sonme cases may incl ude
addi tives. *These additi ves change the physical characteristics of the

coating slurry, in The thickness of the formed coating may vary. In general, the thickness is at

least 1 micron and in general no greater than 100 microns. Typically, the coating

thickness is less than 50 microns and more typically does not exceed 30 microns.
Applicant has found that coating thickness of less than 30 microns enhances catalyst

20 effectiveness and, therefore, increases volumetric activity.

The interior portion of the mesh material that is coated has a porosity which is
sufficient to allow the particles which comprise the coating to penetrate or migrate
into the three - dimensional network. Thus, the pore size of the three - dimensional

25 material and the particle size of the particles comprising the coating, in effect,
determine the amount and uniformity of the coating that can be deposited in the
interior of the network of material and/or the coating thickness in the network. The
larger the pore sizes the greater the thickness of the coating which can be uniformty

coated in accordance with the invention.

&
o

30
In the case where the particles are in the form of a catalyst precursor, the
product, after the deposit of the particles, is treated to convert the catalyst precursor to
an active catatyst. In the case where the particles which are deposited in the three -
10



‘not only change

particular the viscosity and surface tension such that during dipping the
slurry penetrates the mesh and a coating can be obt ai neth WotdmBer 2003
honogene j i bution on the interior and exterior of Sol s

W 0q}2§é6§he physi cal properties 10 of the coating g?ﬁfrury, ut al so
act as bi nder s gilishal NEWARPRR kel i NP cALVLCLBbE, Elive Lot adART
As representative stabili1zing agents there nmay bé nentioned: a polyner |ike
pol yacryl i c acptkcumor yhanitmasbe aipgheti ¢ guett enppurty egymbyi spragogipdippulg, oor
ot her 15 special mxes which are sel ected based on the particles.
Al ternativel y dAPEERIPC  sol vent can be used for the same purpose.
Exanpl es of such solvents are alcohols or liquid paraffins. Control of the
pH of the slurry, for exanple, by addition of HNOG3 is another method of
changi ng t hé vi scosiln yusingda sepafing dathe rth¢ ooatibizg shioycmasime eabesr mpy polutpe
catal yst may be,coat ed.onto, .t he sh - like gatalyst su rt by an .
ol ect ophor ot | SAGBEE: 3o Gl vngs heabi et Shihi Bl BB ol ima
Nunber 09/ 156p8&aulaf ithe isossiHeai® ice 1iénsidi® 8ech It SHiGhgadiphidg el Surmra
wire nesh-like structure is enployed as one of the el ectrodes, and the

catal yst of thpenefgigs shemeshpand p epating; caa bejobtainpd &t @ dlomegenceBadisEpusenr ry .
A potential is |1 Clar L .
mesh-1ike str u?:?t%%elh o(r)ﬁé{(fo ﬁ%&@t?g’f&%ﬁ%ﬁi rtsi?f‘%o %%@erb?lgl?éeot&@#a f|H§ue"lra g?ltogﬁrgc§ he
mesh-|i ke d0r uef the eocatingedlwrey, ibaphles edtias dirldgrsc oeltes dhanddpbsitibe, thataicledt dridd
her ei nabove in%igicaa ed, the supported sel ective oxidation catalyst may be
supported on t drat er i al by entrapping or retaining the particul ate
in the 30 interstices of the nesh. For exanple, in producing a nmesh-Ilike
structure conprised of a plurality of |ayers of randomy oriented fibers,
the catal yst or a cAsabpresenttippstabilimmyg agbes ithecd oy dei mentiooedn axpalpmmer like used
for producing tﬂeacﬁx?h'l‘i ke sltructure vs/neretb the nesh-1ike stdructu eis
produced with PHEREHGA S aqyIames) e Gy r BPHOREER CRMPREAS 9T T
Novenber 2083 spé€lal Hix&OfhichGlé WI0HdR84sEd dnntherpatid®s AftetnBEvdlEaR orfic

exanpl e, such nesh-like structures may be produced as described in the
af or ement i onedsdb¥RE RULbe vsed fon tha same Rpewp rExamples Hf spehstol wantsase alcghals or

s oel Iul ooe, Mrerapky SolRaL i EPALAAY, N SR By AR B i 00

in the mesh Sarsithen efetiiod. of changing the viscosity and surface tension of the coating slurry.

20 The catalyst may be coated onto the mesh - like catalyst support by an
electrophoretic coating procedure, as described in U.S. Application Serial Number
109/156,023, filed on September 17, 1998. In such a procedure, a wire mesh-like
structure 15 employed as -one of the electrodes, and the catalyst of the requisite
patticle size, is suspended in a coating slurry. A potential is applied across the

25  electrodes, one of which is the mesh-like structure formed from a plurality of layers
of fibers, and the'rr;esh-like structure is electrophoretically coated with the catalyst.

As hereinabove indicated, the supported selective oxidation catalyst may be
supported on the mesh material by entrapping or retaining the particulate in the
30 interstices of the mesh. For example, in producing a mesh-like structure comprised of
a plurality of layers of randomly oriented fibers, the catalyst or a catalyst support may
be included in the mix that is used for producing the mesh-like structure whereby the
mesh-like structure is produced with the catalyst or catalyst support retained in the

11



These and ot her enbodi nents should be apparent to those skilled in the art
fromthe teachings herein. 10 Although in a preferred enmp8bi@Atsr 2003
essentially the entire thickness of the material is coated with the

cat al yst, WQO0WX6adi t hin the spirit and scope of the inventi ®CT/WS00CR4E | ess
than the entire thickness with such particles. It also is possible within
the spirit and istogisenof thhaengshe Soneximple rmucih mesh-lika viguanzes may begubdurgd as

thicknesses wthin the three -dinensignal structure at the internal

nterstices of IEINR he SRRmEOR pabs P AL SRVRIAT RANFL R dgE !
oxi des are knovwuppéit tHethpakdded RRPTHRSRBAHaY @ontBd 'Rk EfbeRf asd!@hbibA&! Yden fayt
are not limted to oxides of vanadium alumnum titanium tungsten and

nmol ybdenum  Zedoteltilose. mehpe giradnogé mgsh dirugheeninclidesn thet ¢atalyso retained rin ithe megk
ZSM 5 rmdifiﬁd %MC& rotons or copper, cobalt, silver, zinc, or platinum
-cations or their conbination. O her exanples of catal ysts used for
converting nitrogen oxides are precious netals such as platinum rhodium
and palladium It is to be understood, however, that the scope of the
present invention i 5hsieeng gthee embpdiments shouldebessnparent to thasapkilled in the art
her ei nabove desgid, B&fea IReefat al yst is supported on the mesh-like
structure in an anount effective to convert nitrogen oxide(s). In general,
the catalyst is present in an amount of at Jleast 5 % and preferably at

| east 10 % q(vith t he, amount. of cat al ys%ﬁ enerally not exceeding 60 % and
more generaldy not &% : Hﬂaﬂe%'eglem 3‘%‘&??“"&33&#‘3 BRhIs s f dhe
catalyst. |n onRae#iqd coRad withGhe cAgsDRORidhih ML s%(i?i't%d’?é%%f‘iﬁc indention

mesh-1ike structure prior to adding Supported catalyst is greater than 87%
the wei ght perteeénat loss than theyentirg thickness withsticlh partioleab dualsel Boposaibie within t he

porosity or voi . . venbex .2003 01/.28665 1' CTI. US00/ 28473. vol une is
greater than 9(5@% }ﬁﬁé%ﬂggﬁ?ﬁe ém?e?{f’se uﬁvﬁﬁé?)‘? ?%32%%1?/ dpqps cqaling Bt

5% to about 80%itHifn theethmFbalingBiénal dh@chad ak B iMREHRAD ih@rSidePoFiRE MesH he
mesh-like 5 structure is enployed in the reduction of nitrogen oxides with

a reduci ng BgeMaed. urea, ammonia, hydrocarbons, etc in the presence of
oxygen to produce nitrogen ' ‘

Catalyst for converting nitrogen oxides are known in the art. Representative
examples of such include but are not limited to oxides of vanadium, aluminum,
titanium, tungsten and molybdenum. Zeolites may also be used. Examples of the

20 latter include ZSM-5 modified with protons or copper, cobalt, silver, zinc, or
platinum cations or their combination. Other examples of catalysts used for
converting nitrogen oxides are precious metals such as platinum, rhodium and
palladium. It is to be understood, however, that the scope of the present invention
is not to be limited to the specific catalysts hereinabove described.

25

The catalyst is supported on the mesh-like structure in an amount effective
to convert nitrogen oxide(s). In general, the catalyst is present in an amount of at
least 5 %, and preferably at least 10 %, with the amount of catalyst generally not
exceeding 60 % and more generally not exceeding 40 %, all by weight, based on

30 mesh and catalyst. In one embodiment where the porosity or void volume of the
mesh-like structure prior to adding supported catalyst is greater than 87%, the weight
percent of catalyst is from about 5% to about 40%, and when the porosity or void

12



and water. Reductants such as ammonia or urea are widely used for NOx
abatenent from stationary sources but not from nobil e sol RegmsbEGP00S
+gasoline, diesel or natural gas fired vehicles due to inconveniences in
-anmoni a sPOrUFE6nd 10 del i very, concerns over safety issuBST/USMM284Fhoni a
sl i ppage (unreacted ammonia_ in the effluent). If hydrocarbons are used as
a reductant car S5 gealerfhan 9QYos repeighy RracRIE 4T S‘FWF‘S&, SABlyskisdrem Aget
likely to be usggd @%cﬁtﬁ@ uctant in nobile sources. However, the invention
descri bed herein |Inc udes}é'any reductant used in any source, whether nobile
or stationary. 15 In another enbodi ment, the catal yst which is supported on

the mesh-like structure is, eaployed in the dec osition.of nitro )

oxi des into diatom gno%éﬁb?éﬁlfnéi 'gfo‘f?it?!yﬁi Wﬁ’d’ge : SWBFE%!ODCQI?%W%gg‘K?sed
for this purposguaife eapidyel o tBBb@lcioand e oRied il m@%mg?sgaﬁrwgd
into zeolites, or supported on netal oxides. Z0 In another enbodi nent, the
cat al yst whi ch ure, soppana, dydoreartions,nets iin thekpresence udtaxygen & pripluoy adiragent he
oxi dation of anmonja to,formnitrqgen and water sel ective catalytiG

oxi dat on) * Thiegt it P BRAA, bR ABMARLOE whg R vigkBedRis b nfigx
after sel ectivebgeinehtyfrb® dt@ibnety Qurced but RobfBENLIobAIREEHCERRIchesBolNe

| evels are low in the feed, it i s  advantageous to enri-ch the concentration

of NOx in ordediesel eriiialesastired yehicles dug daécoprenienees i amaEepirdstaEase anfiox
is first engjc ' I : .
adsor bed oﬂlido raagg‘é%% ?foglt% &%rptog%g%a?%gﬁfﬁgﬁ ta h@%@gﬁgé%%%lﬁg&geac &d?on

t he sane or di fif dreesffluera) af wdrocatbdmrard heedt anpedattantekrorgenidedwflbalso be
adsorption and react| re different, with |ow tenperatures preferr for
Adsor bt | on andPHERE Hufiberioe S Pobt Skt B Fehcts biiedestFn ™ Mobllss:
‘tenperature chapgess HRi&et, mE iﬁU&Hﬁ&’?déé&‘r‘i‘bE@%eFdﬁ?ﬁh&%e@%?%&ﬁé{&t%% Ngs. a
quick 13 14 Novenber 2003 WD 01/28665 PCT/ US00/ 28473 change bet ween

adsor pti on andanesetresnwvhgther megiie pegationanchi eve opti num system efficiency.
The use of 1tshe mesh-1i ke structure described herein is ideal for such

In another embodiment, the catalyst which is supported on the mesh-like
structure is employed in the decomposition of nitrogen oxides into diatomic oxygen
and diatomic nitrogen. Typical catalysts used for this purpose are transition metal
and noble metal cations exchanged into zeolites, or supported on metal oxides.

20

In another embodiment, the catalyst which is supported on the mesh-like
structure is employed in the oxidation of ammonia to form niwogen and water
(selective catalytic oxidation). This reaction can be used to remove any unreacted
ammonia after selective catalytic reduction.

25

In another embodiment where NOx levels are low in the feed, it is
advantageous to enrich the concentration of NOX in order to enhance the rate of
reaction. In this embodiment, NOx is first enriched by adsorption onto a catalyst
and then reacted ,or adsorbed onto a catalyst or adsorbent and then desorbed and

30 reacted on the same or different catalyst. Often the temperatures required for
adsorption and reaction are different, with low temperatures preferred for
adsorption and higher temperatures preferred for reaction. Given the fast
temperature changes typical of mobile sources such as automotive engines, a quick

13



applications given its' superior heat transfer, low thermal nmass and its'
ability to be heated electrically. In addition, the use14)m0\1zéa,@0ém§bgl | ke
structure_inproves catalyst 5 effectiveness and therefore, increases
vol unet r %0 g’E‘?W?ty For exanpl e, anmonia or urea rray be rBEEUSAOAHTHh NO

and NO2 found i exhau ases .of fossil fuel plants, or in
t he combusti on Eﬂ"@ﬂﬁ’éf‘g adss?ﬁ%(gpr?é‘fi TEBTHARSATF SRAWITGi tﬂé’é:ﬂfeb’e SPHHHR S¥§tETogen
and water in tl%ﬁici%‘n%ge?ﬁ@u% of ke AfsEMiR! kPl BERLbES h@&ﬁ#aﬁégxwgwﬁmh

structure as herelnabove described. Such reactions are as NS
4ANO+HANH3+QO2- 44 hppigeianhs\(ven INOBuperRiii@at trarBf@N@wrthSﬂﬁZIDmass asd @tb'sabibyseibiel e

to use a portipn.o i.ne f ored e tro n .15 oxi de.,i
t hose casgs vvhg?aée‘{ ?leﬁt}gc;lgg @gﬁﬂ’é’ﬁr Fﬁxg g'i’mh gsu%aﬁalgsi} in
a nobi | e engi ngfrediinds aad, i @efoRd, Mm%m&e@h@&@w@ngl ne. O<Hy+2

NOt+(x+y/ 4-1) 02----- N2+y/ 2 H20 +x C02 The reduction of nitrogen oxide and
catal yst therefor is shown, for exanple in USP 5,750,460, USP 5, 707, 509,

USP 5, 580, 534 and 056. 1.n the 20 presen ugh a.
catalyst | o suppor t O St Bepinonid or it Py Be SR LI RD eBl vt el
When used for thetixbasst gasgi dfefosdihfueldiSpow drigfantBt @rinahe thRbubtisl prddactt o
catal yst for convertln t he nitrogen oxide(s) nmay be shaped into a

honeyconb 25 siifsgeal fom us%%em@ﬂ@ﬂ to predHcy @areg%a%d pates 1 thg pregencg of the

t enper at ur gqpof t fr ggﬂ%g u 0C
t o about 488 chtalnggpan hcd %%Itﬁ%%?ﬂg S?‘g&;%sglgglﬁ%&?%é%aetg tICgJ }Su@ﬂ
deconpose N20O reacimlsarm@ﬁ)ﬂowm foll ow ng reaction: 30 N20 > N2 + %2 02 In
anot her enbodi nent, an oxidation catal yst such as platinum palladium
rhodi um cobal t, ni4Kel+ 4NHer, OLoppeN,; +Bb,@bdenum etc., and a potassium
carbonate 14 14 Novenber 2003 WO 01/28665 FCTruUS00128473 absorbent may be
supported on the }gg)[ e struct re_hereinabove described. Such a

conbi nati on of the BN 2Ry éN Bt dtH#E&Y um car bonat e, supported on a

It is also possible to use a portion of the engine fuel to reduce the nitrogen
15 oxide in those cases where it is less convenient to use ammonia or urea, such as in
a mobile engine such as a typical automotive diesel engine.
CiHy + 2 NO + (x + y/4 ~1) Oz -----N3 + y/2 H;0 + x CO;
- The reduction of nitrogen oxide and catalyst therefor is shown, for example
in USP 5,750,460, USP 5,707,509, USP 5,580,534 and USP 5,905,056. In the
20 opresent invention, such a catalyst is supported on a mesh-like material, as

hereinabove described.

When used for a diesel engine, the mesh-like material that includes the
catalyst for converting the nitrogen oxide(s) may be shaped into a honeycomb
25 structure. In general, such reactions take place at a temperature of from about

100°C to about 500°C, preferably from about 200 °C to about 400 °C.

In another embodiment it is possible to catalytically decompose N,O
according to the following reaction:
30 NO 5 N+ % O
| In another embodiment, an oxidation catalyst such as platinum, palladium,

thodium, cobalt, nickel, iron, copper, molybdenum, etc., and a potassium carbonate
14



'.rresh'-l | ke structure, may be enployed in oxidizing sinultaneously, COto CO2
and NO to NO2, according to the followi ng reactions: 5 {IN&drher@doz-->

-_CI)Z NO +Y§gg@%lgééam2 The CO and NO may be found in the exhggi@gg‘?%a%% ?h, .

natural g power plant. The NO2 is absorbed by, an

carbonat e or biaLhanane, 18 sIMSRON I HED A% Al AlbdckAliAiBear th

nmet al car bonat €; ca ate dr oxi I n par ot assi um

carbonate, to Satinacabiinatibinoxd e catadlyst,poidaths ipomssiidn ¢drboran] sppparsdi ama
nitrate according to the foll ow_ng rgacti.on:

! N2 + K2 COB -> CO2 + K +
KNGB The- pot s SIAEE SFRG I PS5 AP URA IO GPBE STF R CO/P Chg 200
cat al yst, theWC%f@Nb%,%ESﬂiﬁé%%%@leﬁ%éf&ct‘?&ﬁm such as hydrogen gas in

t he absence of 15 oxygen In er to regenerate the catal yst, in accordance
with the foISI oW ng Crd:gq}' 1HN + KNOB + 4H2 + CO2 -4 K2CO3 + 4H20(g) +
N2 Water, as steam -and ‘élénmehtal® nitrogen are exhausted instead of NO or
NO2, and potassi um carbonate once again is present as an absorbent on the
mesh- 20 |ike struciNO e, her2NOal | owi ng the oxi dation and absorption
cycle to begin again. This process is described in USP 5, 665, 321, USP

5,762,885, and USP FheThH laad NUamho b RIROG MRNEshabt sds 6iCh Wakiral RA6 e

wi Il now be described. In Fig. 1, packing 2 is diagrammtically
representat i veP@WeraplﬁmturH‘leimgz tirabserbad byl andgerdieshwith, 2carberait ar bicarpenaieis
mesh materi al h ' erial) J ' t

corrugations 48{31? &;oéggéé%n %’{j&%@lk%:ﬁadggagﬁé%tei%@ %l\lﬁ%aj;ﬁ%gélgﬂedtggaﬁb%%aé? &ato
the vertidal Hidregideprinobarticalar f pothdstum lcabommty, epy efornt aarbye dibgikie asdti on
of a corrugation 6. Adjacent corrugated sheets 8 I%ﬁ]{cnate 90 from each

ot her. The NECPHRESSEHP Zintg %”%‘E?%%%PWFF&CQP@‘?%&@C WHRE/TBEIWer ami ¢ or
conbi nations thereof. 30 15 WO 01/28665 14 Novenber 2003 PCTI USOQ 28473
Vertical orientati oRN&k tReCRack? $PreKMG2eKNOt he flow direction f is

desired
The potassium nitrite and potassium nitrate which remain on the catalyst,

then are reacted with a reducing agent such as hydrogen gas in the absence of
I5 oxygen in order to regenerate the catalyst, in accordance with the following

reaction:
KNO; + KNO; + 4H; + CO, —> K,CO; + 4H,0(g) + N,

Water, as steam, and elemental nitrogen are exhausted instead of NO or

NO,, and potassium carbonate once again is present as an absorbent on the mesh-

20 like structure, thereby allowing the oxidation and absorption cycle to begin again.
This process is described in USP 5,665,321, USP 5,762,885, and USP 5,650,127.

Various embodiments of structural packings will now be described. In Fig.
1, packing 2 is diagrammatically representative of a plurality of parallel corrugated
25 sheets of porous mesh material (referred to herein as MEC maternial) in which the
corrugations 4 are represented by diagonal lines which are at an angle o to the
vertical direction of flow f. Fig. la, a representative cross section of a corrugation
6. Adjacent corrugated sheets 8 alternate 90° from each other. The MEC material

is preferably metal fibers but may be ceramic or combinations thereof.

30

15



to optimze the pressure drop vs. the NO renoval and mnimze the NH3 slip
(unreacted NH3). This is best represented by a renoval efd Ngi<PRSEY 2003
characterized by the termk/dp where k is the first order reaction rate
const ant ve@d1/24665s the 5 pressure drop Table | shows the rptaiusonshlrp
between the angle of inclination a and the renoval efficiency for

di fferent angl es of Venchl oradntaivnarfdhapadinnrabivedo tiee flawtdieictah f #oddstted

ceram c nonolith honegc nb struciure ualgglﬂ or thlﬁﬁ_g‘gpose., However,
i

a
mesh honeycont® % ATSSHHTE HEORy Ve \EETOF migimize g Miac slip

honeyconbs, Ta(lghgga el ™ gerd%, |Gl | of 5
om0, 3tainfabied ND Thisds PEATEEGniL: m%gern?oav%%] Bfffcle Eg%%laefgéggg%‘; by

m xi ng achi evetieiterna k&tpr whener le isvthieh fiest | cvder repetbms mte cdnant( hinghsp iangke of
inclination) which will tend to decrease amonia slip while maintaining NO

conver si on.> THIESSREWEOPpLakls Jrshows dhe relationshin between thepangle of apelmativn e

systens since It - ssure-~l oss W ll .. decrease ,power generating
turbine effi ci%ﬁ&éqﬁg#@%ﬁmgﬁc&efggg %ﬁe”?’eaﬂ%\fg? gfﬂ]rc na:no?(fé’éé?or fﬂ’g?aé'ﬁd %?)r ous
struct ure Honey typitel Ssolidgcaragic fibndtith A6oERoAPCHEVERRY udddi Myzﬂﬁﬁ-ﬁ&@nv

4

k/ Op 1000095. 9,236691. 8 3789.4 7377_2000084.3 137183.9 198084. 680 25
Reacti on Tenper@t{ite &m neyeamal meihe ases Andhe sltsnativecoripicsh selif reyrmie

structure 45 HdasyRRHseTHe 1E&hMI0) Sres&RBY '

1000097, 7279493, 940679%. 78603 20000?%‘3.57161%%%%@%@%@“?“%’?5 T |
shows that10al 3A8GgH abeat 50 Ba/m. s Wit tis imysstanhisthberdegraé ofimixing achigved iham a
structure conftsgh i e of inclination,to..a structure.wth a

angle, this is Mmggﬁ%?WW@fPH@g gangle viasimationk which 'é,lﬁndﬂ%g

above Tabl e aldeerease ammonia slip while maintaining NO conversion. This lower pressure drop
is important in power generation systems since any additional pressure loss will

decrease power generating turbine efficiency.

15
Table 1
Reaction Temperature = 300C Corrugated Porous structure
. Honeycomb 45 deg angle 60 deg angle
20 GHSsV Conv k/Ap Conv Il/Ap Conv k/Ap
10000 959 2366 91.8 3637 89.4 7377
20000 843 1371 839 1980 84.2 4680
Reaction Temperature = 350C Corrugated Porous structure
25 Honeycomb 45 deg angle 60 deg angle
GHSV Conv k/Ap Conv k/Ap Conv k/Ap
10000 97.7 2794 93.9 4067 92.7 8603
20000 88.7 1615 89.2 2414 87.9 5357
30 - Table 1 shows that although there is a slight loss in conversion in going

from a structure containing a 45° angle of inclination to a structure with a 60° angle,
this is overshadowed by the increase in overall efficiency. The above Table also

shows that the advantage of the catalyzed porous corrugated structure over the
16



shows that the advantage of the catal yzed porous corrugated structure over
the 16 14 Novenber 2003 WD 01/28665 PCT/USOQ 28473 honey£Qahn s -9ases
*With increasing GHSV. This is due to the additional benefit of better

mi xi ng at WPGHE66E hr oughput's for the turbul ence causi ng corfU§a08ds473

structure as opposed to.the lamnpar flow ' t ypi cal a neyGo 5
1S bel i eved TmaeaTd istenes Wioh sty GERD ol BIGR o dhe BaBRRE RS
corrugated por oyspMer ABahs MUGEhG! thediikheeR VRt the Nathul@ica Nt st Neyeaited
monolith in a vertical flow oriéntation should be used. This is shown in
Fig. 3c. Howevssructuge apeppobeshieybo lminertaw trgime picahef ahorgysemy. or ceranic

fibers or both materials, my also be used in the alternative. 10 In Fig.
3a a conventional ceram c honeyconb structure 10 has a length of LS,

wher eas a cogrugat edit Sk rietitvtde thh? td SuABerMnCrea®s fhemasiplersidn,0f cohdimptioneof
I nvention for the structure packing el ements has a height of L, and L2.< Li
for a given cowvegsiednpararsuMEE mesty materiali and conventianal qoegamifc hoRey oMY s

conbined with ruc : eral! : Y
construction agms @ﬁ@?ﬁ?ﬁé@%ﬁgﬁg %@gngﬁégpsﬁg?ﬁ?ﬁ eng't%‘gﬁg?se&%gﬁ\;v % 3F 1o
provi de a gi verHowexe) sinesth hdmeycsoiat chystaicted erf mdthlefiieoney cxvaticafilesre ooboth g.
3a or the corrugated structure of Fig. 3b. Thus inproved conversion is
provi ded while ’B%tFﬁési@%alé%L?H%%@%%}WWF'e material. The use of |ess
of the novelgDeNOx structure is a conprom se solution to those 20 existing
facilities which prefer a quicker revanp/turnaround at the expense of
somewhat hi gher renondfig. 3he comeangesa deramioeaexsiony stucturd Odwaseldnpih ehe

i nproved m xing of the structure creati an i ved.efficieney of the
downst r eam hondycotlTesss FTheRed Sricins 1 oipg Mo e wetetl e arepg
conpri ses a hoygidigiodGor heatatmbd Yackgedlemerits hes b Bt 8f L) Bnd r0SS L5efria0n
havi ng a chanber in which packing 22 is |ocated. The packing 22 conprises

MEC por ous. mes HEiVemeasysrsioneialize. dn Xag.cite Hescorpgaike sametyrenks il combinadswith
descr ! e ey elpnshoth oIl e M TALEh Al BB Sl ) ©

preferably at amcepiche lkeagthoarcangt shoatenfo provide a given conversion provided by either

- the honeycomb alone of Fig. 3a or the corrugated structure of Fig. 3b. Thus

improved conversion is provided while using less corrugated structure material.

. The use of less of the novel DeNOx structure is a compromise solution to those

20 existing facilities which prefer a quicker revamp/tumaround at the -expense of

somewhat higher removal. The increase in conversion will be caused by the

improved mixing of the structure creating an improved efficiency of the

downstream honeycomb.

- 25 In Fig. 2, a preferred converter structure 18 comprises a housing 20
preferably square or rectangular in cross section having a chamber in which
.packing 22 is located. The packing 22 comprises MEC porous mesh fibrous

material elements, preferably metal fibers, as described herein above.

30 The porous MEC material comprises a plurality of corrugated elements 24
as shown in Fig. | and referred to in Table I preferably at an inclinaﬁon angie a of
45° or at any other suitable angle according to a given implementation. The
elements 24 are in this embodiment identical, but may differ according to the

17



45 or at any other suitable angle according to a given inplenmentation. The
elements 24 are in this enbodi ment identical, but may di{fRbvassr@o89 to

the 17 1 er 2003 WD 01t 28665 PCTI USOQ 28473 parti
i mpl emntgﬁq\@ﬁsg%n Fig. 19, the angle of adjacent el errents(ill PREd by

2a wherein each _di adgonal . line in the. figur epr t cor r.ugat ons,; of
an olenent, ¢ Ret BRI Rl JB e s BB BT Rlec ek B L

wherein the fl oy ghémldael diaodna 3int koW fidiré kpresént the c@@ﬁ%ﬁbﬂs bf &h elémeht)e
angle of inclination a of adjacent 5 elenments differs by 2a and alternate.

No vortex generibg tvescrassingdiagdmalsaiepresenting 2djacerTietermemtsoeherein the Sowndisciord

depends upon the dinensions qQf the houysi 0,and . the. dj.nmensi ons. of. t he
Corrugati ons aitiZbFAEBh ke He AfeeE R FoR ot Hglergine natiqn gl ac{Jacem

alternative,sa | | ace
of the corr usgateg%ﬁ%%%eh%?ss@g&ggg I%'lﬁéllna{f ﬁjﬁg&g‘%’{eg@ﬁfﬁ %rgtﬁﬁ%g&g}gﬁ g’ﬂg+tg\%§itex
generators 28h6{mé rﬁﬁ:jbeg bé elfeh%ngntsea &re]pénd]? IuGoR&@dihSengi@hﬁ 'blfl tieclibusihg 20 and
appar at uses shown _and descyribed in the aforementioned applications

PCT/ US00/ 06137;themeneion; of/hg gormgations aRe pT eirseidis Shet Hycknssappl i cation US
Serial No. 09/181, 186 and the latter corresponding to US Serial No.

09/ 002539 15 nentioned in the introductory portion herein. The latter

appl i cations provi dén&ig.desr theptlicomtiovt, anormggeéedinesh Matdrigl eleoenpdd ataycbdy

reference ein for .maki the el nt s . Jorm carru j ons 32 and
the vortox ondre BsR P e SRt f IR of e ol FUOREFBN B brAbd
by adj acent si dgrieldefierdtors 3B a8d, 3010TROGleaen® 8 DRFIGURE W& ifittscattafl ihe
roots 42 and crests 44. The si-de walls are inclined referabe}d%, at 20 an

angl e P ( FI GURBPEAFatgses abshewno( andhedessabes adrl cthestaforsmentienddn appliqatens

di rection. The@rﬁp? . ; | e Lt hhelr corrugatijon
channel axes zli)t a @lﬁ%@hm@%@é ﬁ%@?c%»rg%&aﬁ%p\é%{oﬂgwgft’o ?Rpg‘."ﬁff‘?" %JI%
corrugations f Geralghs. B%18hagdhahd thbdsttert don@ssindinghes &IScRaruleNs. 890023589

fluid co icatiqon with each other at . the edges, of the el enents at the
housi ng To"ﬁer B?%ﬁ\g wy fhe ogwf PORHOP Mer@Rn A latter Applieations pipiide a

above atthe des PRl Bt Bplale MlyRhRIRNAGH B SR nedh fr AR 9
in direction elemefs@s. frming emugations handchanortdxsgantratdre irethe shedt snaaeriklt hen
I's diverted at The corrugations are formed by adjacent side walls 34, 36, 38, 40 and so on. The
corrugations define roots 42 and crests 44. The side walls are inclined preferably at
20 an angle B (FIGURE 8) of about 90°. The roots and crests extend in a linear

direction.

The elements 24, FIGURE 4, are oriented with their corrugation channel axes

at alternating angles to the flow direction f, Fig. I. The corrugations form gas

25  channels there through. These channels are in fluid communication with each other at
the edges of the elements at the housing 20 peripheral surface. The flow pattern angle
may be at any desired value according to a given implementation as set forth in Table
I above at the desired minimum pressure drop. The gas entering the housing 20 in
direction 21, Fig. 2, enters into the channels of the elements and then is diverted at

30  angle o initially then at 2. thereto in the adjacent elements and so on alternating in
the direction of flow. This creates a turbulence in the flow. This turbulence creates a
pressure differential across the elements resulting in fluid flow through the pores of

the MEC porous sheet material..
18



30 angle cc initially then at 2a thereto in the adjacent elenments and so on
alternating in the direction of flow This creates a turdnbesmsrizoos he
+flow. This turbul ence creates a pressure differential across the el enents
‘resul ti ng YMO0¥38615d f1 ow t hrough the pores of the MEC por oP§TAHA28473
material.. 18 14 Novenber 2003 WO 0l 128665 PCT/ USOQ 28473 In Figs. 6, 7 and
8, optional vortex generators 46 and 48 are triangular and bent fromthe

pl ane of the el enentxn%ﬁg%f@qtanavé,gbhaﬁa vbhex g&%ﬁ@}&wmﬁﬁ@m fidnedtht glat e

in the direction in which they project fromthe plane of the sheel naterial
5 as best seen hent Eom tig. plaieof trer elgmentolfsshisat/ material.d (e \genTators 46 tapd 48

generators proyide additi.onal turbulence and thus further .gronote fl ui
Prow through t FUERGIEE e eReeen e BV A GercmD (el og Bsrpes marefa
di fferentialsthenracsRfsSn FIRI $ The CofBLARAY hald al®idth At The vbAed Bénerators
af orenmenti oned application PCT/US99/10784 and its correspondi n%hUS

appl i cati on Serfrayidpadditona serbglence andothpo fuathetipisynate flaidefhess througththe giores | n
Fig. 9, struct ' : ' f s l,ment 1s forned of rous
reah NEC mat or (e REGHAR b Ae prlhie  BREARN Thltkacris’ PR e B
an array of iddntinosd detskiingthel affeerhenticddd dipbicatdfB ROTULDO/1\0ME4 hardr gtspar t
of a 15 larger array 103, Fig 11. This packing structure shows optional
-vortex gener atFesPopding Hévanplicatian ggrial Non 094AgR1 @ 4ningerperasere Y Srelrencghown
in Fig. 11,14 hipgrdis by way of illustration, as in practice nore or fewer
el ements may be used according to a given inplenentation. Al so, the

el enments are shown in a square array. This configuration is also by way of

illustration as a preferred embodinent.. In.practjce, 20 the array ma SO
be rectangul ar, ci r&ﬁllﬁg‘ §=r SIS t?é"f:nk‘B%s]irblze’& %@5@% ﬁn?f?‘g’f’i‘e@q @Afé’rmeg_f%]
conpar abl e to pBRoudngWhNER Matedidl, ndSaldRely §0cdrhicAhBtry 6P bbP hRITBah Ak deRN-

The el enents are housed in an outer tower housing 112 which in this case is
square in trandbdfgy ofddentisal paokine eltmeants 184, (Motl 08randrl) Oruljich erer past afigul ar

or 25 circulear J tFaBS r cthon shown for exanple, in, enbodi nents
descri bed Sgr &Ig%rf er. y@a?ﬁg Zf‘e?eﬁr)\st p%gljlg sfb'mgri%?“ésn W%l-y%nerxogeﬁg@tgrpom '
an identical sfibabvetenfibaakod 1Whileirine didment apd sl BigCDNBES id By p@yous
fibers as descr% d hereinabove. The material is preferably forned from
the material af &gpﬁubrédas 1n practice more or fewer elements may be used according to a
given implementation. Also, the elements are shown in a square array. This
configuration is also by way of illustration as a preferred embodiment. In practice,
20 the array may also be rectangular, circular or any other desired shape in plan view,

comparable to the view of Fig. 11, as desired for a given implementation.

- The elements are housed in an outer tower housing 112 which in this case is

square in transverse section. Other housings (not shown) may be rectangular or

25 circular in transverse section, as shown for example in embodiments described
hereinafter. Each element 104, 106, 108 and 110 is formed from an identical
substrate blank 114, Fig. 13, of preferably composite porous fibers as described
hereinabove. The material is preferably formed from the material as described
above herein or as described in the US patents noted in the introductory portion and

30 which are incorporated by reference herein.

The blank 114 is a fragment of and represents a portion of a larger complete
blank forming each of the elements of Fig. 11. The complete blank (not shown)
19



above herein or as described in the US patents noted in the introductory -
portion and 30 which are i.ncorporated by reference herejpnoJdisodtloank 114 -

is a fra f_and represents a portion of a |arger conpl | ank

form hg gg@ﬁf%q%q he el enments of Fig. 11. The conpl ete bl arﬁge’%fﬁ@%“%%vm) 19
14 Novenber 2003 VO 01/ 286 RCT USQP/ 2847 ars.as _shown f.or t

partial bl ank PPFAS £ SAY ggﬁﬁecgﬁgggg@#t f]oﬁg‘gﬁ' F‘iégg qc%ge[ppgﬁgla ng;‘thf"er n
extendi ng to tfiRstrh@dtpattbmt Heddisi (L tHeafght a6 CBE Figigre l(@nd alo¥@hg to a given

I npl enentation, may extend further vertical Ily fromthe top to bottom of the
figure). 5 | n Fapjemestationanayprdendafuathn venticallysrom ghatar so botim ph therhguse)-

optional through cuts represented by solid lines. Fold lines are
illustrated by broken lines 116, 118, 120, 160 and so on. A first row 122

of identicaf tabs 1BAFaNd3] thensubsate blankugdh indlodesa pldfality of bpfiswd thvouph a
tab 124 and hole 126 di sposed _hetween each of _alternpating pairs_of

adj acent fol d $4ythEspressuier bysolid hiwgs. 1hglddings anepillugtpated; by broken dimgs 160,501 8on.
Tabs 124 event I nf vart ex {8 Se i | ri

norein The: hol s H9LAN G X SRR Ao or MEndlal harpn bbb BMen
| ocat ed on a lulenniab drerdformgl fothda [tand 2dtandhhalle Y26edispased rietiwesty eadB30f

tes. Th . ref , I it W t t ' | tipl
or 1 mes 1t ho TGRS Pais of SUBR Aot aCh & it 1S aodliney L 51 7hand” ©
first edge;d28&copxteisi Me Wehthaly G0AA ek Webthrl Ak dvilll B BescPited tRfow | Ne

118. The tab 124 has a second edge 130 which emanates at a second channel
fold Iine suchheaginf dlbg holasd 26 vee adiadenhthg tiporegion of ghettabs haband edochtadien

term nating at i end {1 32. The e 128 and 130
terninate at fogib%é'%tﬁldmé?g foqu]?‘glr% W}Pﬁréa’féﬁcg?egnﬁldggﬁ;rqeﬂiﬁ.esw ¢ FP932
has an edge t heferérice B@BKGRNGitH corivithogdgEmes Gindombitiple ?ﬁin‘eﬁ ifdghe Sfigures
straight and lie on a_channel fold line, such as |line 118. The edges 128

and 130 bot h SRPEESM idenyisalpagtsmon  transverse plane 133 as' do ali of the
edges of the tabs 124 of row 122. The tip 132, which is optional,

preferably 1s square or rectangular for the purpose to be 25 described, but
may be ot her shapesEach takl1R4 das arfitstngigbd 28 gextensiverpith mechiaateldbrmingdofoks 126

are stightly Laloghet Boflnd 18s! "Phe'taf 139 135 o' 2cbid Qge F30 WRich andnards &y 124
second channel fold line such as fold line 116 inclined to the fold lines 116 and 118
terminating at a distal end segment tip 132. The edges 128 and 130 terminate at

20 one end at tab fold line 160 along plane 133. The tip 132 has an edge that is
coextensive with edge 128 both of which edges are straight and lie on a channel
fold line, such as line 118.  The edges 128 and 130 both emanate from a common
transverse plane 133 as'do all of the edges of the tabs 124 of row 122. The tip 132,
which is optional, preferably is square or rectangular for the purpose to be

25 described, but may be other shapes as well according to a given implementation.
Holes 126 are slightly larger than the tip 132 so as to permit a tip 132 of a tab 124
to pass therethrough in a manner to be explained. All of the tabs 124 and holes of
row 122 are aligned parallel to plane 133.

30 Additional rows 127 and 129 of tabs 124 and holes 126 are aligned parallel
to row 122 and are aligned in the same column such as column 134 between a
given set of fold lines such as lines 116 and 118. The tabs 124 and holes 126
between fold lines 116 and 118 are aligned in column 134. The blank 114 as
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to pass therethrough in a manner to be explained. All of the tabs 124 and

hol’es of row 122 are aligned parallel to plane 133. 30 Adddidniieplzonows 127
-and 129 of tabs 124 and holes 126 are aligned parallel to row 122 and are
"al i gned i WaH&3&dne col um such as colum 134 between a FGRFRSY&4B ol d

| ines such as lines_ 116 and, 118, The ta 124 and holes 126 between. fald
lines 116 and Shevahes allereatiog colmRRy %ﬁ%&vd S BATERSROTIE KSCOJgE 4 54 OF

Noverber 2003 M0 DY 28663eP ﬂbLﬁﬁQﬂ%?%Eﬁm?éﬂOfﬁnth@%sﬁlcﬁ@i gﬁ&é g7 GRS

136, 138 and so on corresponding to columi 134 of tabs and hol es 126
whi ch are al i giMaereior felner rseclpectys ved ravhand hagrke pRided Mucerding t@wegivench
rows and col ums ma%/ be provided according to a given inplenentation. 5
The rows 122, iBPIHKH 98 o) ternate with rows 140, 142 and 144 of tabs 124
and holes 126. The tabs 124 and holes 126 of rows 140, 142 and 144 are in

the alternate colums ' 146, 148, 150 and so on. Consequently , the blank
114 has a pluralitJhefrowed82ahdl aed U2hslternaterwith sases 1401 143 canidol ¥sofi@Eswi t h
the tabs of a i S col u o} | [ i rii and
nor i zontal poste? & Reh 2 i abt TR R SR Rt AL uRS g 48kt he R

rows as shown. aitdriatei @$umds0148)d 480250 bhé s6ldmmeénstQdehily ghabéankl 1140had be
elenments, is fornmed by bending_ the blank substrate [mterial al on thte fold
& b%{ﬁs‘? 2

lines 116, 118plurslgy of xpwsaad 109olwanoal the igbs 139 apd holesel2gavithghe

di rections.ynlhi 4.4 8 Mg b Z R0 | sSRioh ot ed
structure. he%e%%ﬁfrée&%gg %gﬂéﬁcg‘#c%l:té}%%é%épab y squa%éﬂ%ﬂ?léﬁoanovi ew
channel s 154, feGabdddd bt of cheoremaities eolohmered wWsaasshown, al t er nat i ng
opposite directions 159 (Fig. 12). Thus channels 154, 158 and so on face
toward the bottomof the figure, directions 159 and channels 156, 161, 163

and 20 so.on face ifridie;®pRP$O4 ehdbleRehi R4l QVaedllidiend SRmhtst Refobmedr e.
In Fig. 12, representative elenent 162 has channels 164, 166, 168, 170 each

havi ng a respebyiberding therblendki abstrato meserial nlpngdhe fold binesiiif, 11961280421 278 and
2 normal * 2351 P B 1 B s ARl s il dBe b 4388°40
channel 168 haghannelized quasi-corrugated structure. The structure has identical preferably
square in plan view channels 154, 156, 158 and so on. These channels face in
- alternating opposite directions 159 (Fig. 12). Thus channels 154, 158 and so on
face toward the bottom of the figure, directions 159 and channels 156, 161, 163 and

20  so on face in the opposite direction toward the top of the figure,

In Fig. 12, representative element 162 has channels 164, 166, 168, 170 each
having a respective intermediate connecting wall 172, 174, 176 and 178 and so on
lying in planes extending from left to right in the figure spaced in a normal

25 direction. Channel 166 has lateral side walls 180 and 182 and channel 168 has
lateral side walls 182 and 184 with wall 182 being in common for channels 166 and
168. The element 162 has further identical channels as seen in Fig. 11. All of the

elements of packing 102 are constructed similarty with identical channels.
30 Prior to forming the channels or at the same time, the tabs 124, Fig. 13, are
bent to extend from the plane of the blank 114 to form vortex generators at

collinear fold lines 160 lying on plane 133.
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| ateral side walls 182 and 184 with wall 182 being in conmmon for channel s
166 and 168. The el enent 162 has further identical chanmNgvs%ﬁbéggn3i n

Fig. 11. W%{J:lfﬂsﬁs the elenents of packing 102 are construg&%@i{)wﬁrl y

wi th identical Channels. 30 Prior to form ng the channels or’'a e”sane

{ime, the tabs 1241l ghs 134 ufiy 19901 b B SR AT S RS fpokife

bl ank 114 to formvortex generators a near ng on
pl ane 133. 21 difectiorciitadernd@0clutdid 034, 2866 53 PEak1 $4561%) 1 TR/ the thiss dfodadurdz4 i n
row 122 are bent out of the plane of the figure in opposite directions in
alternate col Urfls 1484and B arpaleenp iy theosasme dirprilons Ke-t G Ofihe dspyimgsplansy,

138, and 145 QBﬁa}ﬁefﬁl]e %i@w%ﬂe.ﬁa%”ﬁi:é“iﬁ e6h éln% %'Id AUkreObedi NG ﬂﬁ?ﬁg@&h@! ane

toward the viewer. e tabs i'n colums are bent int pposite
5 directions oulireofiort het ¢fl thaglak ditke figorer avayniymf the vidwee. Viteveame Hamdirmane

bendi ng sequence is. provjd the tabs o 0 27. and 129 which are in the
same col ums S&%“"(nﬁéléj%fﬁ?dﬁgglﬂ% § 9bTAS {#a‘%n\f which a5¢ imythg;sgms c0 W are
al' | bent in pakahl elbs HirbRCII08Sthat the [H6s 5@9?%4@1%%@ al%eht 'irpga:]aﬂgl in

[ 46 148, 150 and bent

t he adj acent alternate columms 146, so on are all

paral | el in tidrestons. direction at corresponding collinear fold lines 186
parallel to plane 133 toward the viewer. They are also parallel to the
tabs of columns 134, 138 and so on. 15 The tabs 124" of the next row 127

are bent atotheir rgeRpesd 12€ §0othe dekNRsv 180 it fige sdREnE ialtefmhaicOfblamnt N6t abs
124" in row 127 toward the viewer out of the plane of the draw ng.

e. = - . . .
These tabs ar é%aﬂé‘?laé‘ll sp Pt e alhbentoparplisl in4be same disggtion a4 corrgspongding ow
142 are bent ' Iy ' [ ' oSH e
bend of the teabhgfn%% foéﬁh%}hgﬁﬁmﬁgtd g?"“g‘?,%?’ﬁ‘%g‘)ap. Fh eeczz?ileg%p’oﬁqhtegfat{?ﬁg&pl ane
of the draw ngamialiofthetibt bécoluemed 34, B8uadsaba. are parall el and bent in
the same direction as the tabs in colums 136 and 141. The tabs of row 129

are bent in the sane direction as the tabs of rows 122 and 127 in the sane

col umms, rgpeati ng THRYsHy DRPGT-the Nt irBRS1 297 ark BéhilA4h&r Fesp8Rivel f3fd BACEINAS
the tabs of rows 142 and 140 25 toward the viewer. In Figs. 9 and 10,
el ement 104 hé&ke sameedirestion aisghd @bg 124 Vitirowl P2AE"e.g.1 ®ward the viewer out of the

plane of the drawing. These tabs are parallel to the tabs of row 140.

The tabs 124"* of the row 142 are bent at their fold lines 188 in a direction

20 opposite to the bend of the tabs of rows 127 and 140, e.g., in a direction out of the
plane of the drawing away from the viewer. These tabs are parallel and bent in the
same direction as the tabs in columns 136 and 141. The tabs of row 129 are bent in

the same direction as the tabs of rows 122 and 127 in the same columns, repeating

such bends. The tabs of row 144 are bent the same as the tabs of rows 142 and 140

25 toward the viewer.

In Figs. 9 and 10, element 104 has a set of tabs 124, 124,°, 124,", 124,°",

121 and 123 in channel 154. The tabs 124,, 124,", and 121 all extend in the same
direction, for example, from channel 154 connecting wall 190 into the channel

30 154. The tabs 124,’, and 123 extend from the same lateral side wall, e.g., side wall
192. The tab 124", however, extends into channel 154 from the opposite lateral

side wall 194. The tabs in plan view along the channel 154 length, from the top of

the figure to the bottom, in Figs. 9 and 10, interrupt the vertical channels and thus
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, 121 and 123 in channel 154. The tabs 1241, 1241", and 121 all extend in

the same direction, for exanple, from channel 154 conneg¢4 NBg:MEdrlo0d90 1 nto

-the channel 30 154. The tabs 1241', and 123 extend fromthe sanme | ateral

'side wal | WQUIP8665si de wal | 192. The tab 1241'", however, e¥XCEAHS0REH

channel 154 frqomthe q&gosite Iater;lhé side wall .194. Thgqtabs in plan view
Y

al ong the chand@m f5 GrHOuS geRATalhe verisalpath; fog iy wppﬂe”—oa ’t“f%ﬁ in
Figs. 9 and 10, t rit i ajdnh &l
2003 WO 01/ 2866%{&%’%%1%%%0@19?&3 1% oaﬁgﬂnlzﬂggpﬁﬁy&teort uoﬂgﬁgé'%er afl y vert |ecal
path for fl ui dshamielsopen continuous vertical linear fluid path is

avai |l abl e al ong the channel lengths for any of the channels. 5 The tabs in
t he next opposite facing channel 156 are in mrror inage orientation to

the tabs. of schannel 1484288 n@&ﬁé n%ﬁﬁ'ﬂpbdklt%‘ ﬂcm%ochaﬂiél 159 Lpous RirRekinge
interruption of the vertical |inear e tabs is best seen in"Fig.

12a. Repr esent afiENtatien wrhatabs 6f chinag bﬁ4 aﬁéﬂ@swsnanﬁgpp%r nmost 10 tab 1242, a
next |ower tab 1242' and then a still next |ower tab 1242" and so on. As
shown, a portion of each of the tabs overlies a portion of the other tabs

in the channel. |nThBeomtas blécking hteralptionf b Gertisaltliticas path Wyomkesbshy t he
tabs, as are a of the channels, in the vertical direction normal to the

pl ane of the fLEﬁEIS%eanhﬁé héR- RFH’@&‘T’“W@%‘BF“W@% @aﬂ%ﬁlﬁ6ﬁélaﬁrﬂé§@ﬁﬁﬂ%95(§ng
the I ength of EABQﬂEaa{}g%': J0VPE t&tP'iz &eﬁ a]sﬁnjxéﬁt 10 1ab PR, AN &AL

Fig. 10). Also, eac In a gl vert nne as one edge thefeo adj acent
t o and abut t i nghoit, repomiohatfesagh ofi tﬁe talsl bvenhiesaa poniwcof ttg skl tabilig thel es

126 each receive a ti 32.0f .a c es n in Fig.

12, a tip 13220166\*‘“?56%1‘%&?13&‘9%‘%& *rﬁnggﬂg#ﬁédgﬁ%taﬁy ?E&L?%gb@dﬁa%éﬁ@recﬂ nnel
20 196 of an agf Me@RinflL e e vekibal diedtion n%%%&l tocﬁle%)ﬁ’ﬂe 3%% eemﬁs A&t o
adj acent channel 198 of elenent 162. Atip 1322" tab 12 4 extends into

adj acent channbpear yeuigabfluid|patheisprasent ﬂ%ﬂlﬁé@lgth p’éth@rvhsnr@ktl é@ﬁortdhm@h t he
correspondi;Rg 1 f .t here i nto..
channel f or 13 Pﬂ §§§hlgs%tm§ 50 Ogg ?qﬁ%rmibs Sgk?acﬁ&labnbn %%%’FH gﬁm\naﬁgﬁﬁé‘ Fﬂ%%
connecti ng vval therenfiadjacent t@indlabliting dith@r a laferaldida@BR dr & @om@ctind w4l 0f
el enent 162, extend toward and pass through the
The holes 126 each receive a tip 132 of a corresponding tab. For example,
in Fig. 12, a tip 132, of tab 124, extends through a hole 126 into adjacent channel
20 196 of an adjacent element 1102. A tip 132,° of tab 124, extends into adjacent
channel] 198 of element 162. A tip 132," of tab 124" extends into adjacent channel
1100 of element 162. The tab tips thus extend through the corresponding holes 126

of the channel thereof into a next adjacent channel for all of the tabs.

25 The tabs extending from an intermediate connecting wall, such as tab 124,
Fig. 12, attached to wall 174 of eclement 162, extend toward and pass through the
hole 126 of the connecting wall of the adjacent packing element, such as wall 197
of element 1102. However, none of the tabs of element 1102 extend into or toward
the channels of the element 162. Thus, the tabs of each element are employed for
30 substantially cooperating with only the channels of that element to provide the
desired tortuous fluid paths. The tabs of each element are substantially
independent of the channels of the adjacent elements, notwithstanding that the tips
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hol e 126 of the connecting wall of the adjacent packing el enment, such as -
wal | 197 of elenent 1102. However, none of the tabs of eiﬁg@mbel@@gg,extend

into or he channel s of the el ement 162. Thus, ach
el enent are éﬂmfoyed for 30 substantially cooperating w t%‘%ﬁﬁéﬂo@ﬁ‘eﬁ

channel s of th rge&gméc rvgéq gn% c?gp?gtgsdsr&ggt#?& %Jé%anntﬂfgsu/%}ls-rhe

tabs of each e e are subSt an ndepen t he

adj acent el enmii&;hai‘i@ély\bfthshdﬁdctmgleﬁﬁmts the tips 23 14 Novenber 2003 WO
01/ 28665 PCT/ US40/ 28473 132 of the connecting wall tabs cooperate as
described wth the connecting walls and channels of the adjacent el errents.

The tabs 124 and ti-ﬁgesga%g 1?&%9% Sbl%at%r@\m b%ﬁpﬂéyhﬁ'gﬂll &1@&}18{ 6{Iﬁleb¢’1lou5| ng

.114, Fig. 13 for t Bhe“channel s next ace
whi ch wal | s5 abiid, Fiye IBofisithegseldls dhihe d}iaanetlalnextaadjadmﬁt edgrshakirghevhich

structure arra 03, Fig. 11, do xt end beyo e structure so as to
not interfere‘(\’//\ﬂ‘lfrfﬁ’(“ﬁéh"r&ﬁ 1%11—31‘ % \%E%/ esl"?“i%%%ﬁﬂ@?’ t he
tabs at the e r

dgs. su Jo%%x&ﬁﬂ%@?on@ﬁ@%%%?e 403 a{&tn@fgg@%@y{ Sﬁeﬂfgg dge

pl ane of these Surfaces as showh In Figure 10 11
surfaces are dll2ointesiornealtss sdn ythe 'maetmpmmi,Bﬂlﬂatabs het| the etigé sarfecaspof dimal |y

enpl oyed to provide site sides of the
respective chﬁﬁﬁ%@%\gp gretlboqﬁéﬁﬂgh ”ﬁl{h? é"rl cﬁ’ptggse ﬁ"ﬁ%ﬁ?fg?‘?o%io“@h@ B‘&Bﬁ ng
structure. 10N 90, Hdles UBFinGhesé@EE€¥ur@RBE idlaloSnot Ge@dssary, 15 communi cati ng
hol es and the |like are optional for the present invention. The holes 126

al so provide fluid communication anong the channels in directions

transverse the vert f t .COWLSEe, i
bpanings i n the. ot 1 pses 2 holdtd o8y EhHE IS Mokt p b EdiS fons OF
t abs out 20 oﬂ:quhbtqobpptmtefmdebe)fstheeéspeaiw tiedanplr wdilder BRta@Ee fluid dontact

communi cati on bet he channels in a transverse direction- These
openi ngs and &H8H 6PAfEInEp EtruGtERene APy 19 Use ff VTeKs SeRer@arsh qTesser i or

channel . The eheMRHiS:tR ?&%ﬂ £ el ements
104, 106, 25 108 110 gﬁgteégﬁ%ﬁ?eqékr%;&%? era gf:tge ’(j:eé?“é gté%?her by spot

wel ding the corners of the channels at the upper and bottomarray 3 ends.
;I'Eteowtelhgl {]gwle? ﬁgh' g‘}lcﬂiszl% a&o arg?%e fHuid éémn%ux%kgtﬁ)rﬂsé:ggfgdtﬁeocﬁz;n%elsl osely
directions transverse the vertical axis of the structure array 103. Of course, the
openings in the structured elements sheet material formed by bending the tabs out
20 of the plane of the sheet material provide major fluid communication between the
channels in a transverse direction. These openings and openings 126 may be

formed in all four walls of each interior channel.

The elements of structure array 103, Fig. 11, such as elements 104, 106,

25 108, 110 and so on, are preferably secured together by spot welding the corners of
the channels at the upper and bottom array 3 ends. The welding is optional as the
elements may be dimensioned to fit closely into the tower housing 112 (Fig. 11)

and held in place to the housing by friction or by other means (not shown) such as
fasteners or the like. The elements may also be secured together first by any

30 convenient fastening devices or bonding medium.

It should be understood that the number of tabs in a channel and their
relative orientation is given by way of example. For example, only one tab, such as
24



and held in place to the housing by friction or by other neans (not shown)
such as fasteners or the like. The elenents may al so besgsW gk tpggt her
-first by an 30 conveni ent fasteni ng devices or bonding nedium It should
‘be under st¥¥381/2886% t he nunber of tabs in a channel and theiRCT/US0E84Te
orientation is gj \égn by way of exanple. For example, only one tab, such as

24 14 Novenber 2bd34 "\ chanpelek™ extamdsdeom taulnteral siderwali 194 inte chaapsldiS4154

extends fromt ARk ' | nel 1 154. t nor e
t han one tab V\ohlgllﬂé ext%ﬁ%@%m@a%ﬁ@é&%@&g (fﬂlgﬁlt%c}eé@%‘% Igﬁﬁﬁﬁ&% %%E%?L t he
sequence of t abAlso]thateduencs ofdtaly orienthiia) etgabghielx tabndxfend fiot gigiven wall in 4 n a

vertical sequence, is also h y. of ex | e, ,as ot her orientations may be
used 5 accor di ¥i§1§ Sﬁq'ﬁﬂ%ﬁgﬁgg&?y I‘i’@ﬁ't‘% ampife a§ Sther Ofientayqps Mayr bg Heed

el enents andst hg . pAGlY BY AldrAeeghannel s  of the array 103 in practice may
vary fromthat shown.™ The channel lengths are determ ned by the factors

I nvol ved for a given inplenentation as determned by . 10 the type -of

fluids, volunes thergof, flow rates [ sities an t her, .rel ated

paranmeters required I?"&&‘ebé'{)? SFHE ]ﬁgh@és‘%ﬁ%ﬂ elﬁ?’(?etésaélgége H?g‘d‘ﬂ% &gy _Channels

her ei nabove i n of¥h¢ arrélp108 lin prddEcs idyChady Froad thalt Ghow?- TBel hafi®S QbAdRH are

further in the. aforenentigned PCT aIDpI I cation PCT/ US98/ 27699 i ncor por at ed
ve

in its entir et dekymineddivetiedagiorseinyotved for p givEngianplamentatiprgagidgtgrmiged by .
cat al yst sufpor, ! r t e ar, . ki ng,2028 _
accordi ng tgpa t%ff \Q/}é%&%m@g%ﬁ&alﬁﬁlo%,th%gél g%‘gtd)g%g?i ar ﬁ@gﬁﬁs §gfj u%%’cr 55155;90
for the | ength pafanidiers tredpared0B0RAforih ehepdasiced groi28L 8s daehissed Hpreifisbdve in

si ngl e one pi ece sheet por ous ho ¢creen material nade of metal or
other fibers. “\‘P{EPAF e?fthr‘?éf"@?‘i“éq gﬁg’ﬁsaffé % S&’é?%rﬁé‘;hefglnﬁééaf%'ﬁ’inﬁww any
conbi nati on 20 pchesifcaticeCTRAYRAI7609 Cdo at%&??rﬁité iigrgg)?/grgfr‘egerf%%feghﬂbl- y

abutting (or closely spaced relation) 1nthe tube
Represent ati ve nodul ar packi ng 2028 conprises a single sheet of the porous

mesh materiq@l . The - lal,.Fig. 16, is folded at fold |lipes 2030, 25
2031, 2033 Ba so ot Heole T fir Uskay REPRPECH ‘1‘?8”26‘2 Sat ARG B
lines 2030',. paddds 2008 2R8dind ks asgiven imblehleata@BRORI pleced 88210 it henB@36
tube 202020. Fqld lines. 2030, 2030 define a planar section 2038
t her ebet ween ofU2HY fardhe kingHin el Sremibernd2A20. The packings 2028 each comprise a
. - single one piece sheet of porous mesh or screen material made of metal or other
fibers. The fiber material may also be ceramic, glass, carbon or any combination
20 thereof. The modular packings 2028 are place in preferably abutting (or closely

spaced relation) in the tube 202020 bore.

Representative modular packing 2028 comprises a single sheet of the

porous mesh material. The mesh material, Fig. 16, is folded at fold lines 2030,

25 2031, 2033 and so on at one side 2034 of the packing 2028, and at fold lines 2030,
2031' and 2033' and so on at the opposite side of the 2036 tube 202020. Fold lines
2030, 2030" define a planar section 2038 therebetween of the flat planar sheet mesh
material. Fold lines 2031, 2031' form an adjacent planar section 2040 of mesh
material. Sections 2038 and 2040 form a fluid flow channel 2042 therebetween for

30 fluid flowing nominally in direction 2044, Fig. 14. The actual direction of fluid
flow in the tube is complex due to turbulence as will be described and also flows

inclined transverse to the tube longitudinal axis defined by direction 2044.
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material. Fold lines 2031, 2031' form an adjacent planar section 2040 of
mesh material. Sections 2038 and 2040 forma fluid fl om£Raner28642 :
.|314. The

t her ebet 30 fluid flowng nomnally in direction 2044. Fi

act ual d}%@{é“gﬁf of fluid flowin the tube is conplex duePchUm?Fgﬂ ence as
wi |l be described also flows incli tr r.se to t.he tube

| ongi t udi nal axi s 3@5‘7 R et&fe%(??#}{?ﬁ‘s ;@gﬁan;gﬁ%@ %ngrex% » befpyeen
01128665 PCTI Us(irn&H030ThaR1 250" it @t ghaeflls esdirdsar 2038naiste 261t0intcblacyay

of exanple, between fold lines 2030' and 2031' forns 'a generall

rect angul ar i.M@bnwhicht by rhectRaee imm&arfm-cﬁhstﬁmons@o&&w%i 209920

; face. . _ : > th
or et ati on of VPSS 5 bk SBRagvE L AR ripdon Wk gl el BRE FLASHALLNE PBLs
paral | el to5thaephfatiel aricparalie to the dtRerd@ckondgn tHSpARkKITRES UAS a Fdbalt@hdrs iuin

array 2048. of parallel sections, each _section termnating at a_foldline
formng an i rATEW4R4S of pasalieleseeiions, pachesestion freminptingasita fnddlineotormmpgean

i ntermedi at e iptLLiacs u [ f 046.:al | k-0ne rface
of the tube 201 0 8 ?n glrg?efog%?@e %tgérfagﬁég%ns uc |'vg%?'§ gﬁg%lggﬁéége% i ons
such as sect i cush 203f%cefack 204D athmbusa hhep surdace ol the itultec2@20206atprefeablea one

pi ece structure separated by fald |jnes and a internmediate j rface,
such as interf Etgm@@ggﬁuc%ﬁ relapon, %eéﬁwpﬁﬁgﬁk%ﬁ’cggn%gg %‘.HJSE% Y
2040 form gy coiy QeRANHitéBonktcdyasof oht pidde Ghanagl & 89 51PRNK! and0d?
which are all parallel of generally the 15 sane transverse wdth in

di recti ons 2030tertpedjatenterfgecasveh ayintsafahe 20dfanel are turbul ence generator
vanes 2052, 2054 and 2056, for exanple in channel 2058. The vanes are all
inclined at about 45 with respect to the fluid flow direction 2044 through

the tube 2020, but Tryarks dMettidiSduet askicb@éns2008 atd 200®foraNESorfRpbidasd
fluid inpinging on _the vanes transversel éoggai nst the tube 2020 1 nner side

wal | 20 surf acdgay Of 8utd chanpels such aschaanel whith are plb parpHel ofgeperalpe. 2054

ang 2050 o1 | shitBkrafieletll Olaut PaaReas PENCH, §BeAER L] Odn LIRS ade! kO vanes

are in spaced alignnment w e vanes axi al
fluid flow di rebuleppe 2€ktatof vares 2081020 30d 2056 foresxtimphd inahamel 2868.her: an

i nterface or ne (at the.edge.of . the_packing suc .yanes_ 2057 and 2059,
o 16) is i rENERRHIre Al tRIEer b abast A5 B SR PAS i dom GroheR S0 L be
2020. The noduhdiglBeKLPO2EI But Mal BY fnchinéd S ARG angles. The vanes redirect

fluid impinging on the vanes transversely against the tube 2020 inner side wall

20 surface to optimize heat transfer to the tube. The vanes 2052, 2054 and 2056 are

just a few of the vanes attached to section. Other like vanes are in spaced
alignment with the vanes 2053, 2054 and 2056 in the axial fluid flow direction
2044 of the tube 2020 in a vertical array. Either an interface or vane (at the edge of
the packing such as vanes 2057 and 2059, Fig. 16) is in thermal conductive contact
25  with the inner surface of tube 2020. The modular packing 2028 is thus a zig-zag
- structure folded in accordion fashion with somewhat rectangular channels formed
by planar sections and intermediate interfaces. The intermediate interfaces are at
angles to the plane of some of the sections so as to mate with corresponding
curvature of the tube 2020 inner surface as shown in Fig. 4.
30
The configuration and layout of the vanes 2052, 2054, 2056 and so on is
best illustrated in connection with figures 17 and 18. In Figs. 17 and 18, the
orientation of the vanes are different, but the dimensioning of the vanes is the same
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Structure folded in accordion fashion with sonewhat rectangul ar channel s
for'med by planar sections and internediate interfaces. {hRoldwisdPodsate
-interfaces are at angles to the plane of sonme of the sections so as to

‘mat e wi t h WeP01e8spbndi ng curvature of the tube 2020 i nner sPCTAGHIE8478hown
in Fig. 4. 30 The configuration and | ayout of the vanes 2052, 2054, 2056
and so on is bdexr 2igivarsmbatieiemah diasraieicasi B Ielative fongniatien pf the¥anss, is| pot

Figs. 17 and 18, e

i tensi oni ng of EHEREREEN ke ekt RN B Bt ot B Bistsralt ssicene
PCTI USCO128473 fsame dn gicoardspontimg taber Halvedéra irt @iendationhsf the hraﬁesy &hich may
orientation of the vanes is not critical for a given tube ﬁ% rrentatron

of all of the nﬁ&@b@gt ﬁéf)ér%rne%@pﬂgw%f thg gk rmﬁyalsedrer crrga giyisa.
However, the 50 r};f?ﬁ A0S ut 45 to the

| ongi t udi nal axr S d%rhs%gteﬂ%ay al gnog %ﬁé ggh?n%é%r?&} o?ﬁa given 5 set of
nodul es in a tube accordr ng to a gi ven I npl emrentation. In Fig. 17, three

i dentical rectangul ar, 2, 206 0,

froma bl ank 2063, t gh aﬁ?% ea'ilc 6"“6@138%3??’3«9%‘35@‘3\% iqge%p fil ve
sheet 2062" is g wik@ngdhefomes RRgULas3 sheehe nhdbedl BEBE d%érﬂfédabeﬂaqr
havi ng two parallel identical | ongr t udi nal edges 64 and parallel identical

end edges 2066 Repssenativerrhseti 3062 He ap lekonigaizd gg:tgm&qr Sh@qﬁ 10& Sibat mesh magarial
cuts. The bl %n khﬁ\qﬁg ttwo égl%ﬁel 1%%&10%1 f%l gln%élyegg § 5 Ons Iiésf g&# 1‘5?.1 %%6%&%?%2

and 2072 an on“irn near arr
L that corres pondﬁs.tSmhﬂrlmeb i evidige2068 sheaSﬂepﬂ:s&ﬁrm t Rets! UlR B0 sheet

i nternal di anet for that sectign (see_ Fi The 15 interfaces are
bet ween each sugﬁﬁ%g‘é’iﬁB f@ﬁ&wféggfi%‘t%ﬁfr%%@éﬁogﬁﬂ) 32@72(9 4r38d 3078, in afiipear

interfaces alte | S

16. The vanes é’? for E é/}?sc%ztgrg %gjgﬁenp% ghglglmr n sec |onS‘tgOﬁf‘84eﬁlz;1tsEé

t he Iengt h  di némsinsongicrash thelihian2028ridtesest tiaorserffoothmi sttion (see Fgltlﬁb.nThéle
figure. nin Fiqg. 18, ank. 20104 the vane o S V.

2090, 2085 130, HETBERA HPESt Eshiingh FHHOB U BhSEREnPL T cRrp o T

formed by throughe grttFaced QfiBrmalonte spRRa0 spied 02082 2 @00kt ﬁfov&rhﬁﬁﬂgaﬂ%s
2080, 2082 and 2084 as they are Iocat ed _in the corner of the section. The

mrror i nage vahbdvampsArefumeddy quis 2088, Fig. 18, in section 20104 at 45° to the length
dimension of the blank and sections from left to right in the figure.

As best seen in Fig. 18, in blank 20104 the vanes such as vanes 2080, 2082
20  and 2084 in representative section 2086 are identical and formed by through cuts
2088. Vanes 2090 and 2092 are shorter than vanes 2080, 2082 and 2084 as they
are located in the corner of the section. The mirror image vanes 2094 and 2096 in
the diagonal opposite corner of section 86 are the same as vanes 2090 and 2092,
but in the alternative may differ from each other according to a given

25 implementation.

Cut 2088 has a straight portion 2088' and an angled cut 2088" at one end of
the cut and a U-shaped cut 2098 in conjunction with cut 2088'. Representative
vane 2084 has a fold line 20100 shown by the dashed line. The fold lines for the

30 wvanes in the other sections are not shown by dashed lines, but are intended to be
included. The fold lines for all of the central sections in blank 20104 excluding the

two opposite end sections such as section 20102 are parallel to fold line 20100.
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t he di agonal opposite corner of section 86 are the same as vanes 2090 and:
2092, but in the alternative may differ fromeach ot heripQeRisidi®obg a

gi ven 253{6@ tation. Cut 2088 has a straight portion ij(g]gggﬁﬁg‘t%n

angl ed c at one end of the cut and a U shaped cut

conjunction with cu I d i 0100

shown by the dashed F&%@&ﬁ?%%%ﬁ@%%ﬁé&}; 8;{@?%%1%3%‘%§/%§sﬁlf 3@ ﬁ%

sections are nahd 2008 bhaweensieddnd 2086nd R0 0Ar Bedtivhe DOENH 4 ZIHOSIﬂ%Eﬁ uded.

The fold lines.fo %%%I[‘%Of the central sections in blank 20104 excl udi ng t he
ne

two opposite ede Fﬁe@%ﬁ?h?oéél Hisesheskeeso Yo Jurthes iermediase interfacs| 2911
cach separ at ed Tty en Pl lings K134 2680001 ek .n%%%ﬁﬁf‘g%@lﬁ Sl R Rt

bet ween sectsi osso2086 and 20102. Sectlons 20106 and 20108 form

intermedi ate interface 20110 therebetween. A further internediate interface
20112 is between fold lines 20114 and 20116 of respective sections 20118

and 2086 and 5 SOTvanki&f¢ARLScRin Mzs&stm&eﬁp%@g i gﬁrg%;&%%lﬂ{eh%f he

vanes internediate the end sections. The vanes 2
and so on of t hed egstiosscThovanes 32120,200 22,204 24 20126 and ve paefthetind satidnhave

curved externa 128. These an direct) t the er, surface
of the tube an(llj fgl%e%*nggr %"‘éfa?vé&ii %‘Eﬂaﬁzﬂ@t “r'FFéit‘}é‘ttu ‘ﬂ ?,Q e B¥Set he
curved inngo svadescireody bhe the!ifieP Qdface DIEseBB Gnd SRFEFANHMRNASvARres e8poNd
in location to vanes 2054, 2057, for exanmple, in Fig. 16, nodul ar packing

2028. It shoul Mak8 soRIEatwEdok thet curMed dmneri swgface 0f th@)ttuheo2%2ihl éheamcndr e
general |l y schegmtibg vbﬁbs%%%ﬁonﬁ‘%ﬁﬁ&ngb??ngﬁespidsﬂ%@éﬁ%{) %[a{qfe{’rée b g?ng ﬁgé)w de

15 exact dinensional relation of t erent” el enents *and

t ube 2020. Becmndelar pmchmgm@:z&)f IttsheuldiHefnderstoodndiad the dppeikpsafe 728 schleds.
14- 16, are ncl j ned ﬁrall‘%/qal 45" to the longitudinal axis of the tube
- 2020, these va arglgc er& ¥ SehematiG; ig nagRe 4 eXnlri@ the pEpciples raker Brnmmevidgbe

wal I to maxsm gach@dientioatsERtion 9f e itrils: élﬁrlhﬁth Bf‘th% %ﬂﬁg ﬁﬁ&Hb%%zbo the

tube. The vanes al so create | ocal pressure er ent |a
tur bul ence, which may maxi m ze quid fl ow t hrough the nesh of the

substrate material ﬁgéarﬁ]§é]§1etvrére1es o e ﬂ'e?en(fkl Qﬂla%%gc ifgs 8 Flgs &e?gr ped in

inclined generally at 45° to the longitudinal axis of the tube 2020, these vanes all
direct fluid against the inner surface of the tube wall to maximize heat transfer

20 from the interior of the sections to the tube. The vanes also create local pressure
differentials, i.e., turbulence, which may maximize fluid flow through the mesh of
the substrate material forming the modular packing 2028 as will be described in
more detail herein. The mesh material because of the small pore size normally
does not exhibit fluid flow therethrough when the pressure differential thereacross

25  on opposite surfaces is about the same or a small value.

The size and spacing of the openings in the mesh material of the sections,
preferably in combination with the vane turbulence generators, are optionally
selected to obtain a desired bulk mixing and pressure drop through the mesh of the

30 structured packing, although such openings and generators are not necessary for the

present embodiment.
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:rmre detail herein. The nmesh material because of the small pore size
normal |y does not exhibit fluid flow therethrough when {4/ QoRhassBHE3

< differenty eacross 25 on opposite surfaces is about a
“smal | valt@.uﬁﬁaﬁgsi ze and spacing of the openings in the rr%gﬁﬂ%aégér?%l of

the sections, pre : ' LAAt LONg WL L, v r.hulen .
generators, are op?‘ﬁ%?\lgw@d&sg?g%t‘ﬂg 'Pg %ébaﬁli?er? gﬁéhe?l gétuggl {?%m?ogfor%m%nd
pressur e dropetdmpdes)howbesrmbehcofe ofithe plessttrinedntioads pacikiended & behidmgrbd such
openi ngs and %gn%rat ors are not necessary for the present enbodi nent. 28
14 Novenber 2BEFYWD 01128665 PCT/ US00128473 The invention now will be
described with respect to the follow ng exanples; however, the scope of
the present invention is not intended to be limted thereby. 5 Exanple 1.
A NO,, converEkampledt al yst conprised of a mixture of transition netal
oxides is ground in an Eiger ball mll for five mnutes at 4000 rpmto nake
~a slurry of 19.6 weight percent solids to produce a nean particle size of

2.4 micron. To thia XO,StdhivedidH ¥htdly8t 2oMBHEER 0P020mitMACHE BinkilbAams@l was
added on the basis of the solids weight in the slurry. A Hastelloy X

m crofi ber sheddesds gpupdap pn Exger ball miflifexfesmitiies 8000 oprodo makeasivroy ned

intoahoneyc% . S ANt h t Bias, sl-urr L Xt ure
by dip coating oféw?%%gpérg% t[}rgfe]q%kpe&@)?(%eas%g%fﬁ%?%/\feisrtl&e 0’? I%é4 %ﬁ%ﬁﬂ'ﬁ%s
renoved byOai slukspintieture @aveight Yabf Biyheo] ghireiawod wakheded ot ahe basid of wed ghed

6. 14 i or, to . coati d 7.2 ft ti d drying at 120

C for 1 hour , SHHBSTGEY: T SmyniA SOy i BIERET 6 onhyRlarEENt

This coated {HRR¥ERR P&'&?i‘?}(]ﬁ%tf&‘i’n& ﬁwmn%gceﬁlb%m@am%g@ i
y om t el's. coa

knife removal of slurr e honeyconb chan € secon I ng
resul ted i n acoatedrieiic tabshwiry miatunebyidip ofatisg 40 thyr simetunhi THe ricedsdduray sanpl e

of 26.9 weight 2 ercent. Two re ho conmb structures of 32 and 8. 43
grans wei gh?’ %Fga&f a‘?’g‘?jr%w&grsﬁg’r?lﬁg@qgﬁe@ﬁ??t&§ PTERCt HaS AP Svei ght
percent of5t hesighdd'®14 gamiY fiotes Codihghnd T Lraths Ufted BRSiIRe 2ANRNAS: WEIR used

for catalytic, evaluation of NOx repmoval in a sinmulated eéxhaust gas_and
were shown t o htorel hews s giwing| a sveight percent pickup of 154 weight percent. This -

coated honeycomb was then coated a second time with the same air knife removal
of slurry from the honeycomb channels. The second coating resulted in a
honeycomb with a weight of 8.40 grams which yields a sample of 26.9 weight
20 percent. Two more honeycomb structures of 6.32 and 8.43 grams weight were
coated as described in this example and the final weight percent of these two
sample were 27.9 and 28.6 %. These samples were used for catalytic evaluation of
NOx removal in a simulated exhaust gas and were shown to be effective catalysts
for removal of NOx.
25 |
Example 2.

To sixty grams of the slurry mixture in Example 1, sixty grams of water

was added to dilute the solid content in the slurry to 9.8 weight percent. A

30 honeycomb of 5.87 grams was coated with the 19.6 weight percent slurry of
Example 1, and dried as described in Example 1. This honeycomb structure was

then coated a second time with the 9.8 weight percent slurry, and air knifed as
described in Example 1. This second coating resulted in a final loading level of
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for renoval of NOx. 25 Exanple 2. To sixty grams of the slurry mxture in-
Exampl e 1, sixty gram; of water was added to dilute thesQbighwepbegt in
t he sl urr‘{ to 9.8 weight percent. A 30 honeyconb of 5.87 grans was coated
with the @“B’%éﬁ ght percent slurry of Exanple 1, and driRGIHS0GRE4Sr i bed
in Exanple 1. Thr S. hone structure then coated a second tine with
the 9.8 wei gl -¥FigBHPE 5?115%3 samplegyas ursrﬁs fas gamlyticgvamation gf NO Eemeyre 1.

2003 W0 01/ 24585 B RBSE £5% B Yo el iy et fordRBRREC

for catal yti of®Qd.uati on of NOx renpval in a sinulated exhaust gas, and
was shown to be an effective catalyst for renoval of NOx. 5 Exanple 3. A
second batch of the catalyst was ball mlled as described in Exanple I for

5 mnutes.s TExhhipfe 3/ Urry was added | wei ght percent Povidone (PVP) (a
wat er sol ubl e pol ymer product by BASF) based on the total slurry
concentration. To this 10 slurry was added 5 wei ght percent Nyacol al un1 na

ound 1o be 23,1 AbPERERREG e Bl 5o Mol s SR atea LA 1, om

the microfi bésr mmrteﬁlwmecumy wea ARA 1L wefhhP perzed PAgddie (t>|w§ Z%aieé)
slurry produced a coated product_containing 20. 5 and 19.8 merght per cent

solids after S@P?terﬂj’l.‘éperlﬂeéﬂ‘ﬂé’b’ BABFheased on e t@&ﬂlelw cansertrat®mo Co 1Bisf or 1

h |
drO:JrrJt egotg EL? per ce%nyﬁ&gﬁﬁﬁ#%coaﬁné’%gr%% per eggtl‘iagﬁﬁ tI eveI

of 16.3 wei ghthepsinn'gnfi‘he'ﬁbh@caamtl wss found tosad23 Qrwe‘lghﬁb&kbm Foalnat i on
of NOx rem)vEI in si mul at ed exhaust gas, and were shown to be effective

catal ysts fofPHRERASIyCrfGRade fropy wrofibep, matenial gedin Exampla L.odiPng
speci fi cati OBsatif@SofBie23.1% slurry produced a coated product containing 20.5 and 19.8

weight percent solids after drying at 120°C for 0.5 hour, and calcination at 500°C

15 for 1 hour. To a third honeycomb structure this 23.1 weight percent shurry was
diluted to 17.8 weight percent, and the coated product had a loading level of 16.3
weight percent. These samples were used for catalytic evaluation of NOx removal
in a simulated exhaust gas, and were shown to be effective catalysts for removal of
NOx.

20

Example 4.

A packing of the following specifications was made:

Reactor size

Reactor width 005m
Reactor depth 0.05m
Bundle height 0.05 m
Bundle volume 2.25E-04 m®
No. of bundles 2
Sheets/bundle 10
Reactor total height 0.18m
Reactor total volume 4.50E- 04m’

30



Reactor size 0.05 mReactor wi dth Reactor depthO.05 m Bundl e hei ght 0. 09m
Bunidl e vol unme2. 25E-04 n8 No. of bundl es2 Sheet s/ bundl el01 Reaedertzoh gl

- hei ght 0. 18 m Reactor total volunme4.50E- 04n8 30 14 Novenber 2003 WO

01/ 28665 WAM{28¢Sspecific 500 nR/ B surface area Packi ng Ral/BpIlaA841s per

di aneter 12 gg Sheet t hi ckness Q % nggﬂ;Porosity 90 % Material 316

Stainl ess St eBrckprgs 28473 am@lRémeat al yst coated in the follow ng
way: The De E%}éést was ground with a ball-mll to an average particle
size smaller than 5m The catalyst was m xed with water in a weight ratio
of 15:85, 5 and honogenized in a ball mll. with zirconia balls. The pH of
the slurry vvag a‘%usted t 8.5 by addition of amonia. The slurry was
transferred t BREY3! pat h which contained two el ectrodes connected to
the positive pPReL§iaffeicd power suppluyn Each sheet of the bundle was coated
separately. The.sheet was placed vertically parallel to and at equal

di st ance frorer%ﬁt:ﬂlldfnesﬁhe el ectro@8snmnd 10 connected to the negative pole
of the power The coating g, deposited at 9V for 30 seconds. The
sheet was take romthe bat h, an C{Fied in air at 100C for 30 m nutes,
after which iManeil cal ci ned i r3i&iStaialesS8f2el for 30 minutes at a heating

and the catalyst coated in the following way: _

The DeNOx catalyst was ground with a ball-mill to an average particle size

smaller than 5 pm. The catalyst was mixed with water in a weight ratio of 15:85,

5 and homogenized in a ball mill with zirconia balls. The pH of the slurry was

adjusted to 8.5 by addition of ammonia. The slurry was transferred to a coating

bath which contained two electrodes connected to the positive poles of a power
supply. Each sheet of the bundle was coated separately. The sheet was placed

vertically parallel to and at equal distance from each of the electrodes and

10 connected to the negative pole of the power supply. The coating was deposited at

9V for 30 seconds. The sheet was taken from the bath, and dried in air at 100°C for

30 minutes, after which it was calcined in air at 500°C for 30 minutes at a heating

rate of 10°C/min.

15 Example 5.
The performance of a novel Selective Catalytic Reduction (SCR) DeNOx
catalyst structure of the configuration described in Example 4 was used in a
standard DeNOx activity test using the following conditions: an inlet NOx
concentration of 500 ppm, NH3 feed of 1.1 x stoichiometric, temperature of 350
20 °C, space velocity of 10000 1/h and a pressure drop of 1.5 mbar/m (0.06 psi/ft).
Under these conditions a NOx reduction efficiency of 92% was measured for this
catalyst structure containing 0.16 g vanadium. This can be compared to the same
catalyst configured as a honeycomb (35 cpsi, 2.3 g vanadium) giving a NOx
removal efficiency of 96% under the same reaction conditions.

25
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rate of 10C/ruin. 15 Exanple 5. The performance of a novel Selective

Catal ytic Reduction (SCR) DeNOx catalyst structure of tiweNns@MbgwHati on
described in Exanple 4 was used in a standard DeNOx activity test using
the fol | oWOY/28603di tions: an inlet NOx concentration of 5®CTAEe2MHAB f eed
of 1.1 x stoichionetric, tenperature of 350 20 C, space velocity of 10000
1/h and a pressur ellfrBpNEk raactondfegmarally lebeyssl toffiryt ordemstigh respeetdo NOx

conditions a ' ficiency .929 neasured for this

catal yst str u%?réﬁg%%éa?% ¢ 6&@“% \’/fgﬁbégu%g%ﬁ%‘%m ?a@fﬁ %é’oﬁlgmﬁ’heealqlb t he
sane cat al ysemoosfdt g diradrés rambedexeoiit (R8yankat.is 21 SntsVaRadhimhagb?i Ng a
NOx renoval efficiency of 96% under the sane reaction conditions. 25 31 14
Novenber 2003 CWWE-%%G“P@TI US00/ 28473 The DeNOx reaction is generally
believed tg first order with respect to NOx Therefore the catal yst
structure of this exanple reaches a conparable NOx renoval at a first
order renovalExanipdé 6.unit catalyst that is 11 times faster than that of a
conventional structure. 5 Exanple 6. In this exanple the performnce of the
sane catalyst structure as in Exanple 2 has been used to study NOx renoval
ef ficiency for |ovwnNg %9&@@9'&93%&%@& GRSthE ! {AMEANR BBy hsPRM NOX
has been treated over the ‘catalyst structure after a nlra 1 njection at
two differentExgoipit £ bpstreeamissfl tchestudye MQorrembralt kffidiencyt faradewt NOx

resul ting 4 nlet,. stfeamis well mxed,.in t second case and NH3
are poor?l3§j ma;gglﬁaﬁié%r 8%t SRR Copang 47 yRAM Q\?Qﬁg'{aﬁr enyiEeated OVE B&e of
these experi wamalst sttdtuiedRl ahldeorsa e ndit i@ G fiRfent PofmraOpdtfeat SKARP 15
for NOx and NH3 concentrations) are summarized in the table bel ow

Per f ect Poor KFaetaig Vp faenarsiease WHEgbHey gasAsREE is well mixed, in the second
case NOx and NH; are poorly mixed before entering the catalyst structure. The

results of these experiments (run under the same conditions as in Example 5 except

15 for NOx and NH; concentrations) are summarized in the table below:

Perfect Poor

Mixing Mixing

Honeycomb MEC Honeycomb MEC
NOx, IN (ppm) 26.5 27 37 27
Removal 84 86 18 : 87
Efficiency
{%)
NOx, OUT 4 4 22 4
{ppm)
NH,, OUT 3 3 22 3
{ppm)

The mesh-like SCR DeNOx structure can guarantee very low amounts of NOx
and NHj in the outlet of streams that are not perfectly premixed. This is not true of
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NO( "IN (ppm 26. 5272727 Renoval 84861887 Efficiency (% NOx, QUT44224 (ppm
NHS , QUT33223 (ppm) The nesh-1like SCR DeNOx structure fBARNo@HWYBRP0ES very

I ow amouniyg haddeX and NH3 in the outlet of streanms that pefrggisearfectly
‘prem xed. ?hi;s? I'S not true of 32 14 Novenber 2003 WD 01128665

PCTI USOQ/ 28473, t g &RR¥ANS Q88! WSt eperforhan® HBIS affedegidal| § ebifect
drastically if pertect premxing is not achieved. 5 Exanple 7 A nesh type

SCR- DeNOx  compramyxireds sotrachiewed was conpared to a standard straight channel
solid ceram c honeyconb at conditions sinmulating the exit of a Gas

Turbine. Both structures utilized the sane .catal yst (3% V205 on W3 /Ti O2,
'Pressure dr ®xainhled | cases is 740 -840 Palm 10 Tenperature -350C NOin -
20 - 30 ppgm NH3/NOin - 0.92-1.0 Test Reactor Cross Section -- 86 x 90 nm

Type Structure  500RED) Bt SRESPERO BB R b aNE piPediiankd o Fachy S8, NosT
catal yst /w seaighi yisinnel selidnesipic areyugal iaokordigors simtlatihegtheedxitt 0hve t o
hori zont al Gas Turbine. Both structures utilized the same catalyst (3% V205 on WO3 /TiOz,
"Pressure drop in all cases is 740 —840 Pa/m.
10

Temperature -350C

NOin -20-30 ppm

NH3/NO in - 0.92-1.0

Test Reactor Cross Section — 86 x 90 mm
15  Test Reactor Length — 740 - 750 mm

Superficial Velocity — 6.4 m/s

Mesh Type Structure
500 m2/m3 sheet surface
20 Catalyst loading = 0.19 (wt catalyst /wt catalyst + wt mesh)

Corrugation angle = 60 deg relative to horizontal

Honeycomb catalyst
882 m2/m3
25 459 cpsi

The specific rate constant in the results below takes into account differences in

NH1/NO inlet.

30 k/SV=-In(1-x/r)
where k = specific rate constant (1/h)
SV= space velocity (vol feed /vol structure)

x= NO conversion

T = NH;3/NO inlet
33



Honeyconb catal yst 882 nR/n8 25 45.9 cpsi The specific rate constant in -
the results bel ow takes into account di fferences(i?h) Ngli%/izt\@owmh@érzloag t( | SV
= -in (I =x/r) where k = specific rate constant (1 = space velocity
(vol féedvp&b?lzs@fructure x-- NO conversion r = NH3 / NO FRI&ISOHZE4TY _
Novenber 200 01128665 PCT1US00128473 Results 5 Catal yst Reactor NO in
NH3/ NO NO NM Length (ppm) Conversion (ppm) k (1/h) (nun) Honeyconb
740 26 0.92 80.4% 0.7 27800 Mesh Like 750 2] 0.95 86.90 0.7 33153 10 This
exanpl e cl earCajalgstows tReattoa nEhint ypBIXNOr uglOed strudiHBsip s abl e to
renove nore NO than alsapthd c@pm)i c honeyconQosierdied ur@pef) t he

volume. Bganple 8 15 I nmidp fol low ng exanple the top 2 nm of t e ceramc
solid honeyconb structure was renoved and replaced, in one case by a

catal yzed rre o gat egl stru e an h,anot her, by an aI yzed
nmetal foil ‘jﬂ&lgnl?reo;fdcj)rr ﬂ?ed c% égurasg(go% Thi s J? donelig rder to
assess the | rrpact | nprove m Xi ng lor t e hone nb on

ni a
slip (unrebac

0 Results
t'I‘?'n(ljs %%nni) € gl)early shows at a mesh type corrugated structure is able to remove

more NO than a solid ceramic honeycomb structure of the same volume.

Example 8

15 In the following example the top 250 mm of the ceramic solid honeycomb
structure was removed and replaced, in one case by a catalyzed mesh like
corrugated structure and in another by an uncatalyzed metal foil of the same
corrugated conﬁguration. This was done in order to assess the impact of improved

mixing prior to the honeycomb on ammonia slip (unreacted ammonia).

20  Results
Catalyst Reactor NOQin NH3/NO NO NH3slip k
Length (ppm) Conversion  (ppm) (1/h)
(mm)
25 60 deg mesh+ 750 25 0.99 87.7% 0.3 29270
Honeycomb
60 deg Foil + 750 28 0.95 83.40 1.25 29201
Honeycomb
30

The results of this example show that a catalyzed mixer cofrugated element in
combination with a straight channel honeycomb is much more effective in
converting ammonia than an uncatalyzed corrugated mixer followed by a straight

~ chain solid ceramic honeycomb. In addition, comparison of examples 7 and 8
35  shows that the use of mixer (catalyzed or uncatalyzed) corrugated structure plus
honeycomb is more efficient in removing NOx than the same length of honeycomb

alone.
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Cat al yst Reactor NO in NH3/NONO NH3slip k Length (ppm Conversion(ppm (1/h)
(nm) 60 deg mesh+ 750 250. 9987. 79%. 329270 Honeyconb 60 degNE@irhber 2608
©.280. 9583. 410123863201 Honeyconb The results of this exanpl epshppd iz @
catal yzed m xer corrugated elenent in conbination with a straight channel _
honeyconb i s puahprEx:e effective in converting anmoni a than an uncatal yzed
corrugated m xer ?ol | omed by a straight chain solid ceram c honeyconb. In
addi tion, conparison of exanples 7 and 8 35 shows that the use of m xer

catal yzed or unca L U e I.§ .nore
((af fici )ént I n rerrov‘%‘%f;%\@?) Vﬁgﬂ&{qﬁ%} §gfntg Ifttaé?l\' Lt?f W@ﬂ%ﬁ)éfgtgﬁ n%{glﬁ% V%0 34
14 Novenber 2003 0 5 PCTI USQ0/ 28473 9: A 25% (by
solids) slur rR}'eWe‘g\gV %éFWﬁ’yuﬁl top= o FHgHop: fiee- nEﬁ"@;g%iigs waRteR %{éheeﬁiuwdbal I
mlling to <1 mcron size. The solids content of the slurried material was

reduced t o5 109sibalatien referedde 10% mhadditionwelt deionized wates B this slurrp.ogeby wt
based on the solids content of the slurry) of nitric acid stabilized -
zi rconi a sol winkasegdeke the sedids tomtantl dfthe Fbartyd) o wiitri cheeie stalbitizéch eiroumiigy sl of
the slurry) of

was added. Additionally, 1% (by wt. based on the weight of the slurry) of

“ammonium sulfate was also added to this slurry.

10 - Sheets, 2.5 cm by 3.5 cm 0.8 mm thick, 95% void volume, made of high
purity silica fibers were coated using this sturry. The sheets were then dried at
- 120°C for 1 h. A second coating of catalyst from the slurry was performed and the
sheets dried again at 120°C for 1h. The dried sheets were calcined at 350°C for 4
h. The uptake of catalytic material on the silica fiber sheets was found to be 70%
15 (based on the final wt. of the coated. sheet). The catalyst thus prepared was tested
for its NO reduction capability.
The conditions of the testing were:
NO Concentration: 410 ppm
NH; Concentration: 390 ppm
20  Oxygen Concentration: 5%
CO; Concentration: 13%
H>0 Concentration: 8%
NO conversion of 86% was observed at a temperature of 300°C and a space
velocity of 25000 b,
25
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amoni um sul fate was al so added to this slurry. 10 Sheets, 2.5 cmby 3.5 e¢m
0.8 mmthick, 95%void volune, made of high purity silitaNbidesss 2008¢e
coated using this slurry. The sheets were then dried at 120C for 1 h. A
second c&‘ﬂﬁmﬁﬁﬁ catalyst fromthe slurry was performed FI/VHO28&Heet s

dried again at 12QC far Ih. T ri.ed sheets re cal cined at, 350C for 4

h. The uptake of ggFa‘ﬁ%‘?SBI%r}ee&}l\dB‘Ftﬁt‘fﬁ“?lﬁe‘@W’%W@Wéﬁngr@a@h%ga*@und to
be 70% 15 (bagsikatbnd,hee heRBl iNorpdithiel Wy R2ALRL BNER!dame!, iy 8dcnt hus
prepared was @s_tae_d f o? its NO Fpeduct iméln capability. Teeegglﬁlg%%lonsc of the
testi ng wer e publNdtion vepspeaificaily and dpyidudlly3n@oporateditatdinby rétencpm 20
Oxygen Concentration: 5% CO2 Concentration: 13% H20 Concentration: 8% NO
conversion of 86% was observed at a tenperature of 300C and a space

vel oci ty ef 25000 i 128 SRickdod ¥ TRRE, BAORe WRLIRBHISFPERIMEOR28473 The

di sclosures of all publications, including patents and published patent
appl i cat i onsnogtodeduniggdoithrsnepicandwdiyentedescobgbaboyet Hbe dnyaationmayt as if

“each publicati . sneci ficall nd i ndivi duall.y incorporated.herein by
ref er ence. SE%P&%%&B%HS%% i’%%%?f?%g?ﬁﬁvg‘?“,mm ”%/eh%‘r'}gﬂ SSEPE ORI esent
i nvention i sacdagipahpingeldingi ted to the specific enbodi nents described
above. The invention may be practiced other than as particularly described
and still be within the scope of the acconpanying clains. 36 14 Novenber
2003 Cains: 1. A process for renoving at | east one nitrogen oxide froma
fluid, conprising: formng a nmesh-like structure of a porous materi al
havi ng internal pores and
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5 opposing sides, the average pore size of the material being sufficiently
small that normally fluid flowis not exhibited throughl4Revgured 2803
material in the presence of negligible pressure differential thereacross
on opposite surfaces, said nesh-like structure having a porosity of

greater than about 85% the opposing sides form ng channels, each channel
having a fluid receiving inlet and a fluid outlet, the received fluid for
f1 owi ng tgimggh t he channel s al ong the 10 surfaces of the material to and
t hrough said outlets fromthe respective inlets, the pores being in fluid
communi cation with each other and with the -channels externally the materi al

at each said;iside, I i o) i er . .Jyepans one
pi ece therew tlh forA @?g%% ﬁgﬁﬁ%ﬂp%éeté%hﬁglegﬁ%glﬁ gﬁb ?Qﬁﬁggﬁﬁ@%ﬁéﬂl )posi ng
si des in sai d férhomg ragnfebhulikks strectird @f esguow ndicibl hevihg dhtefmal pefysandg t he
flow pg fluids ttgefﬁlhgwmroﬁcgh f he_pores transversely thl‘O@ h the 15

mat er Pal “PPUHENE s EEVHBES © SPR&F rﬂ%t%ﬁl & § cipily sma %ﬂﬂtﬁlﬁﬁlﬂ@kont act
bet wveen thgi fidwisdfor ekikiBiddBro8Bh IS 0RREA ﬁlga!térﬁl i e Eregéncé BPné@%ﬁIé a?r%:ssfﬁ{%ﬁet 0

promote contact with the material "in the - pores over esse
entire sdiffesendiabthercheosseareoprmbite surfpes; siid gneshqiike sbgdwedeivilg acpnusitysafon

catal yst on.the terd n the. opposi . surfaces d.in id pores for
reacting %ﬁg¥eﬁ Ialagin%’o ﬁ%ﬁ%’stﬁﬁgp?%@grsz(%éi%% F{ﬂ“&g St 86 CPWBﬁ%Y“[gE%ﬂ@O
channel s rerilidgihietdid 4 hed P@les shd Qi A TRid id BolvgltheugPie shinfels kg Me t he
material over essentially the entire surface ofg the material; and flow ng

the f19ui quifacenoighe mategalin and trenghisaid oyteta fromrbe sspestixe inlass ghe nowes heingr ogen
oxi de in; f i - Ui e j rein.saipd
mosh. |1 i B colliulir ity ofeR ofter JpPoth BRI, AT INER Y BBbC s o
C ai m 1 whiéside raslahaderdd ilchalitig torbalentd gengator mehiitonepicke ieedvith fof &rastnghe
group consi sting and N20. 30 4. The process of Claiml

. d ] . .
wher ei n ﬁh@%&%é&%ﬁf%?ﬂ@?%ssc PRPEEE i Rgsaichdlowdng duidsy s@dtpyesspee
mesh- | i kiffddnbal fbf Bausg HHINE TRRS 1487 tﬁ%él@e?ogs.n%n&eﬁsel ’tﬁrougf He 2 6

SEP 2001 5. The process of Clarm 4 wherein oating thi¢kness I's |less
t han130 -mataishBomene Fide tpthe othsssidé oftthamatetialth granoie threac befweed thedhudsng t he
mesh-11 k%oxswmguo%[ e %pposite sides of the material and to promote contact with the material in the
pores over essentially the entire surface of the material;
supporting a nitrogen oxide conversion catalyst on the material on the opposing
surfaces and in said pores for reacting with said fluids as the received fluids flow through the
20  channels and through the pores from one side to the opposite side of the material over
essentially the entire surface of the material; and
flowing the fluid through said channels and converting said at least one nitrogen

oxide in the flowing fluid.

25 2. The process of Claim 1 wherein said mesh-like structure has a porosity of
greater than 90%.

3. The process of Claim 1 wherein said at least one nitrogen oxide is selected
from the group consisting of NO and NO, and N,O.
30
4, The process of Claim 1 wherein the supporting step comprises coating the

catalyst onto the mesh-like structure.
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i ncludes formng the nesh-like structure of at |east one of a fibrous
nmetal, ceramc-netal or ceramc. 7. The process of clai m fNowhas&i 2oohe

step. of formi ng the nesh-like structure includes formn

t he mesh-1ike structure, the corrugations form ng said Rmsatdbe;Qﬁp4 {:
of form ng the nesh-like structure including orienting sa ggg

each other to form said turbul ence generator neans. 8. Thflala @g‘%ﬁfsgg qum
1 including the steps of formng the nmesh-like structure into a corrugated

structure, formng the corrugated structure into turbul ence generator

means and t hers. fTHewWrogsé bEChin 4 dvichgin tglroatipeahlckaesa iy lamghaedd niérohd e
corrugated structure and a nonolith honeyconb structure. 9. The process of
claim1 conprising: oxidizing the at |east one NOto NO2 and contacting

the NOZ with g glm&@g@%fnﬁ Y’H ﬁﬂhﬁ@g@,@&%@@p&%&ﬁ 1RUR ,Lffh&d on the

mesh-1i ke structur sal e str ure comprising one o

ceram c amdudesdoraning theahesh-l&edteviong aalepsions of g/ﬁbn‘ouatnem,as:tarﬁZ%etéHO An
appar at us for trenoving at | east one nitrogen oxide froma fluid,

conpri si R &M Hesh-1i ke structure of a porous material having internal
pores and opposing sides, the average pore size of the material being no
greater than about 500 microns, said mesh-like 5 structure having a
porosity of gredhepradsssofsizimt! shersinthestempbiormipeshemesttbqitrigtraannel s,

each chag e

recei ved g%/rkdc%l?g %iéd\ﬁlml&s ]ﬁr?lgéu%h&tglﬁerggﬁéﬁgegﬁ‘ %Hétﬁnggéljénﬁé 5%@5 of the
mat er| al chamnalsplme bfepkt@ﬂ)rﬁmgiﬂ'lemﬁsh-éﬂ(ﬁ striicre tifdudies mehmngesalm&lﬁhnelbtte por es
be| g in flhtld co nication with each other and with the channels

ext'er nal F3F ‘ﬁ]éerr‘& Qg s3id tyrbulenicr SERETRIORMAFS: saj d naterial i ncluding 10

t urbul ence generator nmeans one piece therewith for creating a pressure
differential across the 38 AMENDED SFI EEI V 14 Novenber 2003 9- WMWvv f
4V41 1FElI US 28 Theprceeaef Cbppdshdgdlsgdlwtépﬁ of &irohirig themreghdike sthectursai d
pressure. differen ausm the flo i d w through the
por es tr%’gsvg?wa ed?%l?%g’ﬁ"h PHEM AR SPIHE s&?ﬁ%g’ﬁ%l%? @’éb‘%lgm?lggn%?tﬁ’ér si de of
means and then flowing the fluid through a series arrangement of the corrugated structure

and a monolith honeycomb structure.

9. The process of claim 1 comprising: oxidizing the at least one NO to NO, and
contacting the NO, with a metal carbonate, bicarbonate or hydroxide supported on the
) mesh-like sttucture, said mesh-like structure comprising one of a metal, ceramic and

ceramic/metal and having a porosity of at least 87%.

10. An apparatus for removing at least one nitrogen oxide from a fluid,
comprising:

a mesh-like structure of a porous material having internal pores and opposing sides,
the average pore size of the material being no greater than about 500 microns, said mesh-like

5  structure having a porosity of greater than about 85%, the opposing sides forming

channels, each channel having a fluid receiving inlet and a fluid outlet, the received fluid
for flowing through the channels along the surfaces of the material to and through said
outlets from the respective inlet, the pores being in fluid communication with each other
and with the channels externally the material at each said side, said material including

10 turbulence generator means one piece therewith for creating a pressure differential across the

38
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the material to pronote contact between the fluids flowing on the opposite

si des of thga mat eri al anq to pronote contact with thga nmzenqbﬂjmﬁqazbbg pores
over essentially the entire 15 surface of the material- rig ‘r|\|4tkgpg‘(§.rb‘t )
oxi de conversion catal yst supported on the material on —0

, sl ng
surfaces and in said pores for reacting with said fluid g@/ @aééeﬁ@@cﬂﬂﬂj
fluids flow through the channels a'nd t hrough the pores fromone side to

t he opposite si dg of the mate i_é;\l Qyer es _%nt ially the entire_ surface of

t he mat eﬂpa@sma%e&méalégay%fﬁ% %?al‘XP@FWeﬁs} Pﬁ?&m%é?fr?@“%lgs@? ﬂ@‘é’“@rﬂ‘-ﬁ%errent
d i . L ] T

ppar at usd SparorRl e AR eRp PGl e PRNEHERIR oBk HUEkHAEatnprigdF

st r uct ur ¢heametesialrta popmebts corttdvabetiveer tie flnidt flaiving dnl thevsppositesiddsef thesh- | | ke

structure and.then into the manolith structure. 13. The aratus of claim
70" wer oietiL e aroingte comtal T Iae {rateRtyif diposss over corniaieha B at 46 of

cl ai i 10 suipRleQif helhferdSHdl | ke structure conprises adjacent corrugated
sheets, each sheet with parallel corrugations, the corrugations of adjacent

sheets at 90 améfregenwideccopuarsiontitelystanppatedam thewyhterialoon the bpmosirgnge  of
about 45 to about.70.f0 th lven direction. 15. The ratus of .claim 10
aher ei n SHERRSH iy Rid Bt uiRr et S Bt s MR e e ARBR R By T
fibers, afcahteld ddibthfoupBithdFirad fréift badtide td 16 bEposib sidé bEthRRRAEMI BseOf Claim
11 wherein the nonolith structure i s nmade of one of solid ceramc

mat er i al essgatially the patire surfagepiihe matpdals, or metal /ceranic fibers. 39 AVENDED
Sttr.L

;

11. The apparatus of claim 10 including a series arrangement said mesh-like

structure and a monolith honeycomb structure.

12. The apparatus of claim 11 wherein the mesh-like structure and monolith
structure are arranged so that fluid initially flows into the mesh-like structure and then into

the monolith structure.
13. The apparatus of claim 10 wherein the mesh-like structure is corrugated.

} 14. The apparatus of claim 10 wherein the mesh-like structure comprises adjacent
corrugated sheets, each sheet with parallel corrugations, the corrugations of adjacent sheets
at 90° relative to each other and at an angle o in the range of about 45° to about 70° to the

given direction.

15. The apparatus of claim 10 wherein the mesh-like structure is fibrous and made

of one of metal fibers, ceramic fibers, or metal/ceramic fibers.

16. The apparatus of claim 11 wherein the monolith structure is made of one of

solid ceramic material, metal fibers, ceramic fibers, or metal/ceramic fibers.
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