Title: CONVERSI ON OF NI TROGEN OXI DES | N THE PRESENCE OF A CATALYST
SUPPORTED OF A MESH LI KE STRUCTURE Abstract: A process Eg oGonNES g at
‘l'east onewy 186N oxi de, such as NO NJerr], or Nerr] @elr 0%; | ses
converting the at |east one nitrogen oxide in the presence of a catalyst
supported on a netal nesh-like structure. The nmesh-like structure is
preferably fibrous and has a porosity greater than about 85% Preferred
enbodi ments of structured packing and nonoliths are disclosed each having
a catalyst for converting the nitrogen. oxide. In one enbodi ment, corrugated
mesh-1i ke sheets are arranged in series wwth a ceramc solid nDﬂO|IFh
structure with the corrugated sheets initially receiving the fluid with the
at | east one nitrogen oxide to be converted and which fluid then flows
into the nonolith structure to conplete the conversation. In other

enbodi nents, the nmesh-like structure may have different configurations

I ncl udi ng a _honeyconb arrangenent and may conprise netal, netal and ceramc
or cerani.d%nd may be fibrous. 14 Novenber 2003 WO 01/28665 :
PCT/ US00/ 28473

15
20 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
1
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15 ,

U.S. Patent No. 4,416,800 discloses a method for producing 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%.
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material for reduction of nitrogen oxides utilizing amonpj i,Ng
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agents. The sheets can oneyco ructure and Tixa
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for producing a- catalytic material. The support nmaterial has the shape of
a fibrous sheet consisting of non- metallic inorganic fibers mxed with a
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reduction of nitrogen oxj %ﬁ%zl n the pr esen‘%e o] ammoni.a (catalyst: Cu, Fe,
V, Wand M JHIaID0BIY; 18 )In BROHKE FREFotRC St cast W PIFBREXPHES &I O:- In

hydrocarbons (£} ¥bodiflen0 Rt £24Phe HitrddeMokideds ggogcfrgieq %Gﬁle%’\%strp@ct?ﬁ'le .

.aspect of the present 1nvention, there I's provid ocess renmovi ng
at | east one mtigasigent wxdgm dxidainaludes NG andiNParlniyet kwother agpect, thelatlepstocess

conpri ses converting the.at. l.east _an itr oxide in the presence of a
catal yst suppSPf&d ngx@gﬁglpge?g@t,m m‘ggﬁhe nmesh-1i ke structure
preferabl yijg has a porosity of greater than 85% Preferably the nesh-Ilike

structure is fibrous 30 and nmade of a netal, netal and ceramic or a
ceram c. In a furtHera Gshsenspact thesatalyskes seated ourthe nasshdiksostogiurg apfi

greater than %?g/ﬁeﬁélé.@eyg% ckﬁgsng‘s 16&%%53%33,5 CT/ US00/ 28473 In a still

further aspec east® one nrtrogen oxi 'sel ected fromthe group
consi sting of NO and NO2 and N20. In a further aspect, the at |east one
nitrogen oxide is ﬁgl eclle&rg‘hromthe group 5 consisting of NO and NO2 or

m xtures thereof | R&ntSihBithss psneet, arpracess forasmoviigeNR) fiemge BaoRemRAises NO

I n anot herjsas %%Fdizin%hf‘e&htakx’fé&sﬁo%?id‘i rd%ﬁﬁggﬁ(é gkg ﬂyg{ wﬁgtrh&al aRps e

enbodi nent, at |east one nitrogen oxide is er aspect, the-

at' | east one mitarugete oxiljelroxidé unipporiNG anda NGEsh-like weticrrgt ter mespdike, the
at least one sg'héttrnpegc%nmp%)é{ndgea fi‘r?r%luy %%?eri'gﬁ)f at l}l%t c?l{zadof]gzr%)étai, 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



10 In a further aspect, the catalyst is coated on the nesh-like structure-
and preferably the coating thickness is |less than 30 m?ﬁfﬂ@\?emﬁé}@oﬁti |1
further agpect, a process for renoving NO froma gas conprises

oxi di zi ng™HU2865t ai ned NO to N2 and contacting the NO2 wiRGT/US0AR84T8

carbonate, bicarbon drOX|d ported on .a nmesh-1i tructure, the
mesh-1ike. struct U?Lgpg";pﬂl Wﬁrea pﬁﬁ'i“éﬁr\’lﬁ‘tvngﬁpafnq queghtheyr ' o

netal . netal B&r&@"t&f‘él&neﬂ%&@dﬁ%@eﬁﬂ%xﬁﬁ:ﬂBﬂF@s@Mcﬁty of at |east 87%
20 IN THE DRAWNG™ FIGURE 1 is an isonetric diagrammatic view of a packing

structure usefQl f&IGERE @isrd mgret dutaijediviesv pf @ pooiontdfeheelement ofi FIGEIRE 6n;
FIGURE | ais %kdi a ram seful for explaining paranmeters of a corrugated
packing materi E 2 is an isonetric fragnented sectional view of

view of a pgcking slc&umaaexﬂeﬁchdf@wavﬁ&v O%Sf%%nébgeﬁaaﬁfwm@mlon
FI GURES 3a, 3b and 3c are diagrammuatic view of differenl conbinations of

packi ng el errenﬁéal@héquglﬂm,nenm onal reI at i onshi p between the different

conbi nati ons to obt ven c taI sul 3 E 4 i

per spective vi ew of ﬁg@ﬁ.&?ﬁdsla{vn coP E&%%’%‘fgmg§ EF@‘ SEig. 2
| ai d out in side-byFRKSURE ®isdd igamteﬁms\hewdfmeseboﬂ@b@dmr}gesmﬁﬁ{réléﬂa%uﬁﬁlem
orientations in the enbodi nent of Fig. 2; 3 14 Novenber 2003 WO 01/ 28665

PCT/ USOQl 28473 POFPEFJF?EhSh"F BreseTianventiaRiai | ed perspective view of a portion of

one of thejgcorrugagRs CHJSI% m S apd 4 0
FIGURE 6 is a nore det R’Felgﬁ\?% §\‘N ognwe $r]f?(fn%n éltg%ﬂ}ngl g%?{ﬁ Sﬂgllg
taken at region 6; BIGUREBRD & afroat Ermvmcd-etr&w oflthel pavkivaeelerhenithef mcgrtlex
generators of t% 5 F aﬁﬂ region 7; FIGURE 8 is an end view of a
portion of theaFFLPAGIRESIELY: of Fig. 5 FIGURE 9 is an isometric view of
a second packing stFuRES 1950 PBANew OF hUSGuMiddbriFig d2F esent i nvent i on;
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 formmg a packing element
of the structure of Figure 9; '

FIGURE 14 is an isometric view of a packing module in accordance 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



.;LO FFTGURE | Ca is a top plan view of one of the packing elenments of Fig. 9;
FIGURE 10 is a front elevation view of the packing el enenj l\%(/erlr:]bgr ?
ure of
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packi ng el ement the structure of Figure 9; 1 an i1sonetric
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is a further iso ric Vi w the dueof Fi 20 Fl GURE 16
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packi ng nodul e maalemtru@@nd EieQJJBErale? vigh @1391'1@1@8 ¥hEMinfe Heiflledfeddbanksuddsed
to make the nodul es of Figs. 14 and 15; FIGURE 18 is a rore detailed view

of a portior ofdipmicitpgen adagenedte ]i]cgnetalcharlloxlatel, bigetbonate ng hydrexidane
formation; and. FIGURE 19 is a diagramuseful for explaining certain
principles of the present invention. The term"renoving at | east one

ni trogen oxide, " as Trededheliles MatepieBiSconiRised ofeibats bierfibs, Meh Rk I KFERr
oxi de is react with a nol ecul e(s) to produce diatom c 4 14 Novenber 2003

WO 01/ 28665 PCTPEESBtRsA28 49m3mi¢ dibst aiesh.oh epmpration of gngtrlcanddecramin fibers, Aot

limted to, Ox'ngégél'fg n I east
one nitrogen oxide |Isao?fag(r3§% # ur% het%?glﬁegpgteh(fl aeﬁd?{l{:ensﬁgggg&%c%tlﬂ fret al
car bonat e, 1§i caoiprisgdeoiva smgldrlawr,d@ thay chde esora maﬂﬁinallaylar,tlﬂnhﬁbamhdﬁﬁt‘al
nitrate, with the nltrlt{eéw nitrate being reduced to produce diatomc

nitrogen and r &g¥efdr e ] W‘Hﬁr?étaewoﬁ%é%ﬁﬁ%c@“%rmﬁyﬂﬁﬁ?ﬂ% 1SThe
mesh- i ke nmat ecbdbribedl GONPRtARY 0P layletPS Firl oMEbES 1o ?&ﬁr 8@ Wi hEnsdnal

fi ber nesh, a ceramc fiber nesh, a conbination of netal and ceramc
fibers, a netagtwosk tofomageriale, Iretaa prefériesr efritiotimengr thehsuppoke strittere is

mesh-1i ke st C EoBs N bl SRR B ofifrs Ju B pen Y haarplag e L *°
~structure ds5 aOn®eemont ﬁﬁmﬁmh&b@ﬁﬁdaﬂgmﬁh@ﬁerﬂhém thésh. Alternatively the mesh
fibers may include ceramic fibers in place of or in combination with metal fibers.
Ceramic fiber meshes are commercially available from Crane & 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.



conprised of a plurality of layers of wires or fibers to forma three -

di rensional network of materials. In a preferred enbodi meRbvenidts 2goppor t
structure is conprised of a plurality of layers of fibers that are
oriented randomy in the layers. 15 One or nore netals may be used in
producing a metal nesh. Alternatively the nesh fibers may include ceram'c

fibers in pl acmeahredditbhstRADRAL HIQNstMichRe Hﬁyade rbH@Jea -as deSeMEl Gn I
meshes are commercially avail able from Crane of l\/assachusetts USA

20 In a puaEneNogderesd 339&51@8(14\%@3 SilR2.7h% Orréél%,lﬁﬁ&em@mttdjbré réfercpeapr | sed

of o serfe o riF e Rbes ol BRE Mk i e PG B toPhsl”

gener al | pygoesdired otheraiachs dbbed inlthaEbemsntidned paegs.dance with a preferred
enbodinent, the thickness of the network is at | east 50 mcrons and nore

pr ef e?ably at least 100 mcrons and 25 generally does not exceed 2
mllimeters. |rﬂ]l fu jch form
the pllural ity T aysr arishiry MALESAREAeRin HopiEkmhul ol il

prefer ablcytalyetsm thh m&sla)tsufﬁcxehﬂg small drab nermeiig ﬂmmiﬂovp isaict ealibiyed smgh ten about

30 m crons rred 30 e the ess or dianmeter, of the
fibers i $° ?OPBIW%TY@’L etRfeSSB?ﬁJ?PbQ@?ﬁ%PWG i‘ﬁm \FB‘Ffﬁ%PFOSQG’Gyppﬁﬁtet hr ee
di mensi oRalfadgB et 4 b Jﬁ%sxgx S ALSuB YhiRG: Iprg{%cw?fﬁn%%‘y&i%ﬁ&gfe?&goz VAL

Pat ent Nunber 5, 304, 330, 5, 080, 962; 5, 102,745 or 3 1 ncorp rat ed by
r ef efl@nc&hanrB7% hrsi mor@rnrq‘:fmbly is preatestham 96%. a"rhdemt ‘bt vdhane/arysed hatinsuch

h-11 ke Ly f or,med oced ot her. tha S scribed in
{TEZ afl)resn(getr% Jgne paYéHllggthe Eolppg Oﬁ%hg?m bst?HcE b?'ﬁg‘f pqtfg Qﬁrﬂeo‘gfed in
the pr es@;&smuaumbp@ﬁhg@%dh@mma@ﬂﬂpﬁﬂdeﬂumﬂ@in@lby%oon the nmesh)

sufficiently small that normally fluid flowis not exhibited through the
porous material in the presence of negligible pressure differential

t hereacross o u [ chis
greater than @%gﬁ@gﬁg&%$% e?%gﬁ S§Q§P é?%é%ﬁdﬁ% §§} )QM% ﬁ%@gﬂgpéferably
IS gﬂ@atemuﬁm@mﬁmmmeﬂtmmiern1"v0|d vol ume" as used herein is determ ned
by dividing the volune of the structure which is open by the total volune
of the structure (openings and nesh material) and nmultiplying by 100. In

?Rg enbodi Menty afditer eAbadiRht, the ERROGE EshveRing Rirdges Bribié 55 i RbFredlon t hout

a particulate support that is supported on the mesh-like material. The term particulate as used
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



15 use of a particulate support. In another enbodinent, the catalyst for
converting nitrogen oxide (s) is supported on a particulaNevedpsordost hat

i's suppor e nmesh-like material. The termparticul ate as used
lalielha

herein in enconpasses spherical particles, el ongafCHUBMZIB| es,

fibers, etc. In_2 eneral , the aver.age.particle si.ze of the partjiculate on
whi ch cat al yst %%rglgggmguﬁlpg‘id[eégodgg?%gr% I%Q{Eaég‘g t‘é’é’@%ﬁ’f’%r"’é S d|§‘ more
typically no gr@adiehertiafier s RerasoRSy, Whd RelMBAMEIRGE ni)@ri%bﬁhgtab%'o?%ohgxt he
maj ority of cases not exceedi n? 20 mcrons. In general, "the average
particle size &WMCRER 1Qaravidafarttedulencet albeas shovioberematieon Taedressnee of

par i oul ot o suppiriched SRERERS snleREs plithe R A Kb ELRR b Bt ierton of

‘the catal yst5supdaldo geevel dotestas cati®fst eitk@adatkd dil 6 Qitappeslin WRSHesh by

entrapped in the ‘HESh’ qenerall _does not exceed 150 microns. In an
enbodi ment of tHEVIIMEREd qriessprecdiffsrmtipisiasrass thcmgply andithes treateg erisiving a

- support for thepgatgl %5\5 | cisﬂ'u&g?ed];ﬁ)argﬂi]ngfc é%g%@e‘g 1ivd fo%@t oag‘?‘f%@%{% K109

Thi s packi ng can be 30 configured as descri bel’ow i n S gi Ven
by exanple to prwilidencar merelshkeandmt ivplatdbingathephbaeof 4 estichtg sQule that e

catalyst in the,reactor. The -|ike catalyst ,support_ _structure nay be
pr ovi éed with <t B ge W%@H‘S&r éfd@@‘“\?é%fﬁ?@@@?ﬁh?ﬁ‘%o%@@@
corrugati ongy i Reofipgies shetPhayidaid WorkRal8 s %@%Q@@:ﬁmﬁﬁa HERE h#;&ﬂlé n

nore detail hereinafter. Alternatively, the neSh-| ructure na
i ncl ude tabs orsh¢gsy sakcongain dingtosheles ¢o propwitd eniking. {Thelshtasn can alkb de shapeshown

hereinafter. T f rbul enc nerat.ors enhances. m xing in the
radi al (and 1 ongReERERRS sBop dhitont Rl RS 5o et e A4 sagh st dxaciby ot
ei ther coated dittly siendf tpRest dnd drbReldRsetiy byRVQdd, HiRg, 4 CAMIRAPASWHEt

differentials across,the nmesh, and thus creatin riving force for flow

.un | ad
The struct ur ed PEERPOHFISENhETeE Hdtemativels, ﬁlémgfwﬁh msthl metgliatd ecgamiz arol |

of one or e shek | - 1.t f a_reactqr. such.that
t he .channngs in t%?bgn%gﬁa%%fegfoﬁg{%gfﬁg af)%&n“'g%??tﬁ‘ﬁf%ﬁ‘&“dﬁ“é‘& P&Iﬁlﬁ?}fa}aﬁﬁelf'ube.'
The rol |, can 10hehpmieieofSthedipacydonth mayp ifdale, holsr indgattebulhcy\@¥yerfbrsdo
conbi nati on thegeoff and thg sheet C?H] contain fins or holes to pronote

mi xi ng. The sh&e?$ *TAATEFEE e Eﬂ&fféa' IR P thfRElYSEt ri ps that are
separated from each other by a flat sheet that exactly fit the size of the
tube and are held together by welds, wires, a cylindrical flat sheet or
conbi nat i ons t her eoflt isAptherundeisioer ythattthe mesls h likeisuppontethal suppetts theacatalyst

Ceramc Or 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



15 ceramc fibers, may be forned into a honeyconb structure with parallel-
channels. The channels of the honeyconb may incl ude hol esNawssdr 2003
turbul ence generators to allow for increased mass transfer of the

react ant SWQ8124665 catal yst. It is to be understood that thePaF4Is00/2847ke
support that supports the catalyst 20 nay be enployed in a form other than
as a struct ur eWl&ksdetp thegreshylikestmicturd,an s 4 pareus cppdimgtombgth ke fremed as
rings, particl ' . et enploved in a reactor as a packed bed.
The cat al yst |dc?1ﬁ+1£& &%%%nstoeahegﬂgflﬁgp%@f%rﬁ ke structure may be present
25 on the nesh-1ike support as a coating on the wires or fibers that form
the mesh |ike structure and/or_nay be present and retained in the
interstices of the Hegmreferred embpdiment;itae Liqud coating pempasiforh bas & insmnatis t he

mesh - |ikezsty: ri et . t echnigques,. e.q...di pping,or
sprayi ng. The %g@ﬁﬁgfg%ﬁ#%ldé% ?%@L%‘é’ség%ﬁ z?%e%qa flg%tcﬁée Qflrfq(glpegtf’gg@f’ure
by contacting 300adymestml i ke structure with a liquid coating conposition
(preferably in the formof a coating bath) that includes the particles

di spersed in a liquid under conditions such that the coating conposition

enters o 7 14 NoveitgrerdRine N0 URRSS LETA LRU2BAT0, ks, il o1 e

mesh-1ike structure and forns a porous-coating on bo erro and
exterior portipeimed enthodimet,- thektbrestdimensional metalampsheliler matkriahookidiad ,

the |iquid;goati-ng conposition.has a kinematic 5 yiscosity of ng greater

than 175 chht iSOk S G- JPHIED HekRJTIRTEHE oF BARTONG a0 03R6C. In

dynes/cm | N GdmeRatagifeitheshiIil® aba1NSbonkdini el WU ¢ RifRE theltesh-
a

di p-coating. In a preferred enbodi ment, the three-di nensional ret

mesh- | i ke nmat dikednatpral dx clerneddpriay th ekislaionsfat exagmple,. by, washisag with anrorganic at a
tenperature OfsoIJthrQuél?anééP o 700C. In sone cases, if the nmesh-Ilike
material is contamnated Wl “organic material, the nmesh- like material is
cl eaned prior to oxidation; for exanple, by washing with an organic

sol vent su as acetone. .15 The coating bath is preferably a m xed sol vent

system of ot ganic sOIORERS bathy1s Beg! &Pl s ikadcselveRbsystam piiraania selvents ped sed.
The polarity gfairh@ wRicHant Fé@naré ?i]jsp?{?%.erﬁxgl %cgwgf %Q%lvtcnh{igysgm yater

in order to prevent high sofubility o e catal
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



.and. to obtain a good quality slurry for coating. The solvent system may be
a mxture of water, am des, esters, and al cohols. The kifiReedrhserdopgosity
'of the coagj h is 20 preferably I ess than 175 centi stokes and the
surface tg‘%,?irbgﬁp‘l%%er eof is preferabiy less than 300 dynes/Xni/Up§age7s

preferred enbodipent; of the i ntiwn, the nesh-like structure that is.

coat ed i ncl udeswﬁg&aﬁn%vr\fcﬁeélge’olyg’i %eﬁg d‘%t @Slﬁgﬁ? Hmje, g{?aerléq“b‘f%Immsmm
ceram c fibers andaZBnéhaiceib@sitiofes @feafdr RBAS 175 adeniibkes 0 @ckadirBd by a
selected or treated in a nmanner such that the surface tension thereof is

hi gher than 50 E3MRAY cYiscomstaleand, Aysaabedoin e Misow. "Berdplepad ¢alloid and
"Advances in Ch % 5; " cf{ﬁ%}g ol nd Adhesi on,
Ameri can Chemi cg oc?ngfrﬂ?ﬁyl 4‘.{3&" nbglélé i nég’algsrbrbéﬁ??i ke structure that

includes neté&l fibers, the liquid coating conposition preferably has a
surface tension fromabout 50 to 300 dynes/cm and npre preferably from
about 50 to 150 dyne h a%%%a@megta & ViSeSIFapnd suacet ighsion @ét%éﬂ“&%'

described in T. ; i1 R I 1 i on" 8
1 Noverber | 2007 Car et BhorfiBasnth £ eRle (ARRSY et BllpEaceg
223. At the sansuchithas thet liqpid ¢ cpatidg carapésitgpreis dpayei inkwthe iftersoravfkhaetrmtire to

viscosity of no_greater th 175 cent,i sto as nmeasured by capill ary
vi sconet er and %rgglécf’ei ao%aau‘f“???'i’?c&%nﬁf’% ?S%”%SHBFW%@OBW-I %P‘Eimé to be
Surface Chembstéagated Bbfdrsbly HyRraC Slrfdekk@biord Rfhich 19 1|:eP-tha1n8§0 Brelcmliahg an

enbodi nent, the vi scosi_téﬂ%nd surface tension of tfie liquid - coating
conposi tion i s HekFablnat Bighey than ithe surface dersiane af ithen ligHid toeetinge carhpéritiony to

si'ti on i s HEGrAAL bigh ten dhe 26 Lo lighid chating: arhpis
nrorior of e ntr bt e R RAcERIRRE A RS BylbP ienl o Fesn

mesh-1ike structure upon drying. The netal to be 10 coated preferably has a

surface tension whi ﬁ@tbs %Fée ter than 50 dynes/cm_ and referably is higher
than the surface tendiBHcSe Whee the mstal of gt stgturothisbisite be poatest destsimet have

spont aneousj s\etthé ResiIduAERekAH, Ak Shuchie njlahl%'él fkat BERed {bepljoﬁﬁﬁer g rdegllé%it he,

mesh. In the case where the netal of the stroucture that I's to be coa
"does not have suHagstensiersired surface tension, the structure may be
heat-treated to produce the desired surface tension. The liquid coating
conposition can be prepared w thout any binders or

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



adhesi ves for causing adherence of the particulate coating to the
structure. 20 The surface of the structure to be coated {@Mo@ms:2003
chemcally or physically nodified to increase the attraction between the
surface MO 0AGparticles that formthe coating; e. &, heZCTSEeEBht or
chemical nodification of the surface. 25 The solids content of the coati ng
bath general | yThs tempeetmewd theobath isbpraferabbogy rpemaf ErpsTaures B 4BdUe Bt o

about 30% The {ﬂ@%m@?{ﬂg‘%@ﬁ ?Iﬂﬁn%‘b&n?gﬂhgh%?ﬁu’?ﬂﬁ%a s surfactants,

di spersants, eneral, the weight ratio of

additives to parti clafr b@htmgﬁheaﬁbshmlmmemﬂm mmﬁesmp&ow&ianhg cOmfprissid
nore preferably from0.001 to 0.1. The nesh-like material, preferably is

coated by di ppPha Piuralitiedparticles isrdried. pieferaplyt with theomateriyl 5z vertenl PQFIUHBr e

W0 01/ 28665 PO EDRE B AR ek mBRB] LB Es Rtk LD BYER AT D
room t enper at utegnpebattrehgfsfréra 20C muFS‘OP(C |rﬁmrhlp;efeﬂpr\ﬁbﬂnelomed3Itbn@0r@ Mﬁﬁf

2 por ous. coat | AR <GBl DStk GRUFHyischrefrably GREBetc o FRaTPle, B 8
preferably wi t pni gz o 25@“@tovﬁfd°ccﬂjefe%ﬂ 5O to W%Qét}ﬂréﬁrabﬁr

preferably acconplished by contact wth oWl ng gas (such as air) at a
terrperature of atiqud rWOC tdnlsomefmreé pmbcbtbmabﬂ, ythé riemptB@E: tand]1 BHCowf arer

dryi ng, coate ke rrat

at "%t empdfr AREAaEd ola6tieatodios doming PLF Rl s halltedl S ampt e AN ©
preferably at cedbiag!e 406t ackihd) Bodkied 6f porek, e&bq{i‘h@?fcasekf'@slbﬂ%i@éﬂﬁ@m@nd
air floware 10 coor_cllnat ed In order_to produce a dry &rate t hat does not

af fect adver seisyrelfgmed afbisyslawer gatgaf gigying gan b@a%‘@mph@ed Yoaseiaf g lpmidifieds,

etc. In many c I r rate
of drying can @Z’ﬁ’}c%%mﬁaf’?%ﬁ%‘dg g%%ﬁ%‘%ﬂﬁ%um di }ﬁxfgﬁﬁzgf gfﬁ'&hdd—gmz %%rrﬁ

al so be advant igetdatsofittma/ary the hum dity of the drying gas as a functlon
of tinme. 1? The thickness of the fornmed coating may vary. In general, the
thi ckness 'S at least 1 mcron and in general no greater than 100 m crons.

Typically, the coat TROthidALGKITAS fdrmei @R 1Ay vy IS bORFal2Rd tHRkfess is at

typically does not exceed 30 m crons.
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



‘Which is

Applicant has found that coating thickness of |ess than 30 m crons enhances

catal yst 20 effectiveness and, therefore, increases vol WRbidribaCigoyity.

The inter‘;vgrﬁ ?Qgﬁgi on of the nesh material that is coated h /%Sﬂ?:rt;?ﬁity
sufficient to allow the particles which conprise e coating to

enetrate or m ' h o di O, e ore
76 of the tnaasRyet Blo S RaRL is X S RaR ke i Gpfy?
particles conppiesiusgr ey deat bogipplied ef fsedt supmbet e.gn tbe $prayingrodippingncr
uniformty of the coating that can be deposited in the interior of the
network of mat 8FPEEP8H087 or the coating thickness in the network. The

| arger the pore sizes the greater the thickness of the coating which can be
uniformy coated in accordance with the invention. 30 In the case where

the particl és are ifntusingf erepating dathatthe yorting ewnysisr some ecas¢sr pakcincludet er

the d it of icles. . is t d.t t.th tal yst
Lo an acti ve BYGermers oS srBe gy e PR el b BB MeBh AT e
in the three joiddlaNaveriessiwORR s liedd60 3uflCThddSAnd8dipgingi fiendinenal

network of material is a catalyst support, active catalyst or catalyst
precursor may PeRefalss ﬂ@p‘ﬁiﬁbeéng 8 coyE s psbtained, with a pmogerspphgistriiBeR ng,
or _inpregnati ' . | a ' rkVy |
cases my i ncl g@éh eﬁg%ﬂﬁl vd;%t&ﬂggggiegﬁ%f?t IS@IGSS&OE' ﬁ%&%@ﬁ‘#ﬁg‘hgkﬁﬁg’&’%@
char act eri 40i csf the cbitimgedharty, bat slsoiadt\as bindersp @ ftdraitd depotitien vhs aisietiy deadl
surface tension uagqgnégigat during dipping the slurry penetrates the nesh
and a coati ng c tai ned wth a honogeneous distribution on the
interior and exterior of the nmesh. Sols not only change the physical
properties 10 of the coating slurry, but also act as binders. After the
deposi ti-on, -t he art Aslrepresentitive diabBirng cigbts thede may heapermond.at palpmer like
stabilizing agents_t.here.npy .be.nmentioned; a polyner |ike ol yacryl jc
acid, acryl ani Pl(?relgf,mr%chgﬂﬁi’ca AP PP R RE AT aﬂlgé,co’@gmb%éﬁ’e?yigler
speci al m 18s shetehnik® WhicBGhedelb@sttaeed doh@eRrrtid& eAlieribfivyak io¢@lnyc an
organi c solvent can be used for the sanme purpose. Exanples of such
sol vents are a}¥umbFa by usedifori ihg sprae BYmPPIes . Exagiples if sesh solieentsrare alcehnds or
slurry, for ex addi 1] [ . i ng the
Vi scosi ty and TRy Brafthel EREbELT O pHpE el R B 0bY 88ifin G106, 2
another method 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



20 The catal yst may be coated onto the nmesh - |like catal yst support by an-
el ectrophoretic coating procedure, as described in U S Aprbi&asdregSeri al -
Nunber 09/156,023, filed on Septenber 17, 1998. In such a procedure, a
wire neshWQ@&86&t ructure i s enpl oyed as one of the el ectr cdEySoangd7she
catal yst of the requisite particle size, is suspended in a coating slurry.
A potential is iappsticesiobibearssht ITor 28ample cuch desh-libe strodftureh imaly Gesprodreed as
mesh-1like structure farmed froma plprality of layers of fibers, and.the
Toah 1 ke ot r ucdPehTRE sioraBBoBed bl aof aristihpdnommae cHRRatRG
her ei nabove i ntiupére theirghgdded PROTHe Bflese tHAE tchM18ine Xthé AbeRNakP habindér, ¥BYh B8
supported on the nesh naterial by entrapping or retaining the particul ate
in the 30 interesiinioss Jhetpredured meshirueteempickudes thepeatalyst iretginad e dhe mekk
structure cogpréﬁl f a plurality of layers of randomy oriented fibers,
“the catal yst” or a catal yst support may be included in the mx that is used
for producing the nesh-like structure whereby the nesh-like structure is

produced with the catal yst or catal gst su%port retained in the 11 14

Novermber 2003 WO 0178856684 pthrr embodipentsshonidchesanparent ¥ thope siilledin therart

exanpl e, such rgshyld ks 'ﬁ&teﬁ{]es may be produced as described in the
af orenenti oned patents, aifd wth an appropriate catal yst or catalyst

support being added to the nesh that contains the fibers and a bi nder, such
as cellulose. The produced nmesh_. structure includes_the catalyst retained
in the rrgshlS(FS_ stru ﬁb@g%ﬁés@egﬁ’&dﬁh’éfj“%%o@§ml¥%%ﬂfﬁ t%‘ék%ﬁ:?ﬁé’ffé]t"ﬁ to
those skilled irRabhfl idtbated WP thd athIGAC RN SN AME sPirit 104 @@ng%e iVeftion

preferred enmbodi nent, essentially thée entire thickhess o ~material is
coat ed with thdo caatdesssthan the ¢rgireviitichkness withspeh partialed. ttalgeisopossibée within

i nvention to . than t entire.thickness with.such partjcles. It
al so i s possi blggea\%ﬁnbg%'ﬁd SERE ShHSi R gug"c?B gngcf iﬁﬁ%vﬁ?%e‘fﬂa P8 Tt o
have various caesithinght hhednatimession tsubukd @t tthe aterddl MRREkEAAF Sthé URLIH €
at the internal interstices of the nesh 15 material. Catalyst for

converting Irﬁtlnéﬁj@?ﬁloxi des are known in the art. Representative exanples
of such include but are not Iimted to oxides of vanadium al um num
titanium tungsten and nol ybdenum Zeolites may al so be used. Exanpl es of
the 20 latter includatd@iiér conserting ditvageh opides areskrovndn pipesrt. Reprbéntative
silver, zinc, ar . - . . .
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



pl atinum cations or their conbination. Qher exanples of catalysts used for
converting nitrogen oxides are precious netals such as planbrsserrpogi um
+and palladium It is to be understood, however, that the scope of the
present i WHHZBHR is not to be limited to the specific caP@ry§pn28473

her ei nabove descri bed. 25 The catal yst .is supported on the nesh-|ike
structure in arYORABRIHtEE3eTlRR J8%, S WeBRICHT OF SERIOTS catalysh 1s from fbAwy al |
the catal yst isopreseiisdsn an amount of at least 5 % and preferably at

| east 10 % with the anount of catalyst generally not exceeding 60 % and
nore generally not exceeding 40 % all by weight, based on 30 nesh and

catalyst. In one enhodi nent ere the porosity. or.void volune of the .
mesh-1i ke structure Prits FBo hg Eu‘g‘ﬁ%ﬁteﬁ'ﬁﬁ’gtﬁl YHPOrtE g@bé@%l‘“‘?ﬁéﬂ‘%?%

the wei ght persgaphirdk APl@)ed $h tHeSebiPith ¥ AlttoceRlokRiea R 4 f@%&ing%geﬂ%?@. the
porosity or void 12 14 Noveénber 2003 WO 01/28665 1' CTI USO0/ 28473 vol une is

greater than 9092, famanans,dtydroserbosat etofin thepprssensd of atxyens to produce mitadgsat

% b % dj h | whi ch | d h
meeh | ke 5 sendcPaPh RERRRHTSNY b Srilhl Vil 5F WReRaBR! of afni

a reduci ng agembatem@nt f6@astatMEBNécRrced ik A6AFBANEObEE Golrded HRNPICSRBERe, O
oxygen to produce nitrogen and water. Reductants such _.as anmpni a or urea

are widely usedigsghonmgirabgrs i&me vehirles dus teincopyenjensse il amomia sorase o
mobi | € SOourQes GeHe, ,aé)ngéis"ob&esafecg'i&asé 4 %%F%a'sligﬁ%f@hﬁe%éﬂ%&%&&i?d“e
a e Y, n sa

to i nconveni ences | moni a storage and rver erns over ety
i ssues, and amimihesefShémppdfjhydrocareastaee usminasni @eduttant daebafl dtidesndsjll alsd be

hydr ocarbons are use s.,a reductant carbon oxides will also be . produced.

Hydr ocar bons QPE)CE‘B?‘g ﬁY‘?(ré?F?g?‘b“ e B9EY 1_§§f}at°r é’&u‘t‘ﬁFQn"ls Frfea%?‘}tem érB)??ﬁEes.

" However, the i gygotd HbwWREE thd B chBS:L iBsckiBed HeRsy mudeéqggt@&ﬁcm%ea% any
source, whether nobile or stationary. 15 In another enbodl nent, the

cat al yst whi chaitg seuppavhetgr mobileier statsdnary.ke structure is enployed in the

deconposi ti Qn of nitrogen oxides into diatomc oxygen and diatomc _
ni trogen. 'Ilypi cal catalysts used for this purpose are transition netal and

nobl e netal cati onsIgxsftaagasbidiinentz 6@ ¢dtigst WhiGURPAHhEEeHn MRS Aesixkdes.
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



20 I'n anot her enbodi nent, the catal yst which is supported on the nesh-1ike
structure is errpl oyed in the oxidation of amonia to form KRbidneeroand
water (selective catalytic oxidation). This reaction can be used to renobve
any unr ePd&?8%pmoni a after selective catal ytic reduct i onPCHAISPH284Rbt her
enbodi ment wher | evel s, are. low.in the feed, I s _advant.ageous to

enrich the conCRAmeF ?F“o?dsﬂl@?OPr?“Srf&é?“qno”éﬁﬁ%}HE?Q P fchieNE OB, S¥UEMon.
In this enbodi 91% Yrugd

and then react ggﬁz)erncadsoé gg%bg%%ﬁ{e}%%gﬂtﬁg%ﬁt ora%@gﬁgﬁ%gﬁﬁeﬁggﬁdﬁr bed
and 30 react edapplicatienssgiven its’ sdpéritnrlnattraqu,l ljmttheﬂalmasshsdttanqiehmtm’o@s

ired for ad t ti f th t
breferred for MACHABRTEHEALa FRGHEr tedispef b aret-ke Fbptiee P Wuaey .
G ven the fgsteﬁé&i%ﬁésam%ﬁleﬁﬂa%crbx&waﬂm%mw@ sources such as

autonotive engines, a quick 13 14 Novenber 2003 WO 01/28665
PCT/ US00/ 28473 change bet ween adsorption and reaction are required to

achi eve optinmum sys 1 clen The use f th ke tune
descri bed herein |si:8§c}Le’%1 Fldr“””.g%la CApprt O | Sﬁgac Ei’dv‘é’ﬁﬁlﬁ(g mgﬁﬁp(é SRR At
transfer, |ow ﬂheaxmhstrgam cMdsdil fieledopdwdriplims,ig mhﬁab&ﬂbaétﬁmt jiﬂodﬁd:tlsy)f In
addition, the use of t mesh-1i ke structure inproves cataly

ef fecti veness HfanalqoEuston: engines WaRwucfoNigREeT ard afetewmtt@e pméﬁn@ﬁrﬁbpe
anmoni a or 1greg, t f h S ses
of fossil Tlgel eéﬂg%{v\epgpﬂo nt§Ig %mrrh%h'\{@ﬁ%@gg%@% talgglgg%lpéb ‘}cet geo %?ntsgrgﬁal
conbusti on engieagnsargasadllowsni t rogen and water in the presence of the 10
catal yst supported on a nesh-like structure as herei nabove descri bed. Such
reactions are as f odINOWSANHENSHENHHOR,; 44M2H6H20 NO + NO2 + 2NH3 ---3 2N2 +
3H20 I't is also possible to use a portion of the engine fuel to reduce the
nitrogen 15 oxide jn those cases where it is |less convenient to use
anmoni a or urea, SUEE)-EIQIQH %ﬁgNéﬁdH?Q such as a typical autonotive

di esel engine. OCxHy+2 NO+(x+y/4-1) 02-----N2+y/2 H20 +x C02
t 1s 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



'.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 USP 5 PQ&ydak: 2bhat he

. 20 present ] ion, such a catalyst is supported on a nmeghs erial,
‘as  herei %’réio@ég%escri bed. Wen used for a diesel engine, ?Eg}dﬁ@ﬂﬁ ke
material that ipgcl t f vV ' e, QLir n . S)
may be shaped Fﬁ%’g %?ﬁ%%g%go%@b%xitop u@% ur(rl:lgg.Tl %\et 5@%%@% hé}éllg}% cg"r%e(zii%:ét&ljgﬁis'
t ake place at Sutleanenidinatdnodf the aatalyzquind the @Ctassivmberiborzdd) Gupgurediiesmbl y

from about 200 C to_about 400 C.. In another epbodinent it is possihle to
catal ytical |y SReshiikssEURpYES: %&ﬁ@pﬁ@yqddnmﬁaglswqwe?%t 1ofp C ﬂl‘{éo >

N2 + %2 02 In I t ' | catal yst such as platinum
Hﬁbé%g?@?@c e F::’Tllo%%&fabt%hs.

pal | adi um rhodi um i roh, copper, nolybdenum etc., and a
pot assi um car bonate 1 Vv r 2003 WD 01/28665 FCTruUs00128473

absor bent y be su;g’f)(ﬁc)l?t/éelgjélg—ﬁ?t ¢ mesh-1ike structure hereinabove

descri bed. Such a conbination of the catalyst, and the potassium
carbonate, supporteWl® la0,Fe3MNOi ke structure, may be enployed in

oxi di zing sinultaneously, COto CO2 and NO to NO2, according to the

fol l'owi ng reacti onshe €& ahd' N® Rdy be-fouk®@n e xZREr 344 o\Rhatlipd &R fadl NO

may be found in the exhaust 8a$ of a natural gas-fired ower plant. The
NC2 i s absor be#owsr, plastd Theddets ahisethed By candesdedwith, bfaraenash et kicargpnate

hydr oxi de, suc . gl .0 | i r.t t | nat e
or 10 hydr oxi ad: APBRdh K ofhn R o lile Bl SEBBRNE SeagBhSRE 80T
and pot asgiounhpdroxidee iﬁn@a@i@hhﬁsﬁ@tsmxﬁredr’eo:&ﬁ@omiﬁognt Qarbbe aiekid@vmajd‘n@
reaction: 2NO2 + K2 CO3 -> CO2 + KNO2, + KNO3 The potassiumnitrite an
pot assi um ni t r BP1@SSHHP AHTIESHRA RPLRIIUIH BItELR ageguling torthe fplRFans EAE4 i th a
reduci ng agent such_as hydrogen gas_in_the absence of 15 oxygen in order to
regenerate the cataP)éL* chgbm?@é?m'bquh‘* KOs ol | owi ng  reaction: KNO2 +
KNGB + 4H2 + CO2 -4 K2C3B + 4H20(g) + N2

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



Water, as steam and elemental nitrogen are exhausted instead of NO or .
NC2, and pot assi um carbonate once again is present as ampRshReatogn the -
mesh- 20 |ike structure, thereby allow ng the oxidation and absorption

cycl e to wegLmseagai n. This process is described in USP 5, 68&182dorsWoP
5,762,885, and USP 5, 650, 127. Various enbodi ments of structural packings

wi || now be descri bHdrticb.horFérgationqu thaphdkixgg 2ldtivedo algy Aowaditeeadn ¥is desired
representative, of a uralit aral | el orrug z}quE) sheets of or Qus
mesh material Pr&# t’é‘i“E ¢ BT 8|q’i RySnbe Pi ANz fe NHy slip
corrugations Quﬁfﬁckﬂmﬁﬁe%ﬁqs lBl‘st‘illlz_;ﬁ'g%?éd 3}‘ DSV EfficRnes %haﬁgtcﬁggci fi‘¥a. to
the wvertical direction of flowf a,” a represent at¥ve Cross settion

of a corrugat ithe teréa Ad;pawhalte kads rtha;;ﬁfsacbrdére&taetuﬂ] sdtt eonatht Ohdf Apriseheh
ot her. The MEC mat erl al _is preferably nmetal fibers but may be ceramc or
conbi nat i on3 tREIEET dropoTabje\isho s 286 seationship, beieen fpoangleof iudDatiog 47 3
Vertical orie el ative to.the flow direction f

desired to op%’%@%qteﬁév%%g%@%%g fggd]fﬁerentt ﬁle EW&I rﬁi W?ﬂr%t? he

NH3 slip (unresagtied $dHI) cerfhics m(ﬁmﬁﬂﬁﬂmﬁ@ﬂﬂbﬁﬂﬁﬁﬁ'@&uﬂéymr esouas Rirposel ency
characterlzedd_ga/ thete k/d ere.k is the first order reaction rate
constant and dp’%¥ egﬁemgs WeB 9e vasd @ the angmativen el ipigal selishagipmic

bet ween t he aﬂﬁ;h@y&‘}nﬁsn?%@@téﬂ%lf"a ?éﬁgl.lrya %%gﬁﬂerﬁlil'&lﬁ&éffsoﬁi(s apd

di fferent angles of inclination and a SO CO
cerani ¢ nokbl |3§HCmfn@woaﬁﬂ Ba/muc Wias wmqnbﬁaut istthe degmaf phxing bichievel in 2

h h ed th lid
noneyeonba. TanTEre i it bR R Ehen iste o ndiferprkvhichounoesd p of s
ms and 10 35Q@ecrefiscaddmbnid 2fp Ram@méﬂ@@imﬁgmm%émn Tﬁlstlgﬁfﬁﬁﬁﬁ e 8fo

m xing achieved in a structure with a | ower pressure drop er angdl e of
i ncl i nati on) WhiTBPPTHIIE in DEWET Eeneraibuy estan s MO Ay sHdiponali presswed tusaiwillng NO

conversion. Thig, ortant in power generation
systens since an?é'% It g ﬁ?& ?getgsal'tsbg ee#rﬁ%&'r% decrease power generating
t ur bi ne eflfSi ci ency. 15 Tabl e I React i on Terrperature = 300CCor rugat ed Por ous

structure

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



Honeyconb45 deg angl e60 deg angl e 20GHSVConv k/i spConv k/ ApConv k/ Qp
1000095. 9 236691.8 363789.4 7377 2000084.3 137183.9 198084n3vAR8N 2383
" Reaction Tenperature = 350C Honeyconb GHSV Conv k/ Ap CorruP%at ed Porous
structure W28UZRE45 angl e 60 deg angle Conv k/ Op Conv k/Ap FCT/US00/28473

1000097. 7279493. 9406792. 78603 2000088. 716 41487. 95357 . bl

shows that alt Hc‘frﬁléﬂl@r?aéesawggi%fas%éﬁg?(‘ g‘%‘?ﬁ/’érdéﬁe?}ﬂ?{g% ﬂ‘g‘gP%"TaﬁeP gfr# a
structure cont ainpBgeramtan@nd! 9gdr MRGighpaki AR the Mrbhldneet dHusing &dinaratlt
angle, this is overshadowed by the increase in overall efficiency. The
above Tabl e al suruciioasonpeatd toithe kaninartilnyeragime hoicehoht Poraycp@bous
corrugated structure over the 16 14 Novenber 2003 WO 01/28665

PCT/ USOQ 28473 honeyconb increases with increasing GHSV. This is due to the

addi tional bgnefit Rfishelibaid Haifuakerhingltase ter osipRRpibE 4 @omblreation of
t urbul ence causing corrugated structure as opposed to the | am nar flow
regi ne typical TugatednesrewsiMES mesh snatenal eandy comventional  caramisy DPRgYCeRYL
t he conversi on, RH*%E ' t Olk!s%d'vl’-_'ﬁi tergal sgnd
conventi onal cerpgnrﬁclc hoﬁg‘@gg&rﬁ)ﬁg%%ﬁrﬁw%ﬁisﬁggm\%ﬂ I cal ﬁ&gﬁeﬁtg i on
shoul d be used.Hdhéwer] smektolmeyoohb gonsdhacted Hdwsatdlr fibess oresdrahim@lyas ob both

constructed of netal fibers or ceramic fibers or both materials, may al so
be used in the ’a?tﬁ’é?lﬁdf‘m%l?oE@“?WIF%&}?E@VE'onventional cerani ¢ honeyconb
structure 1fyhas a length of LS, whereas a corrugated structure 12 using
MEC nmesh material of the present invention for the structure packing

el ements has a hei ghin Iig. 13 2 anpivenAoral lderdmic haneygombdnstwonrerifites alghgd. off n

Fig. 3c, the Cq[;r,u\gﬁetrga% £ E:(r)rlxj'&éa%de St[lu46tli11‘%: lc).ounst;%xllgn ?\QE(\.M ﬁ:gshamateﬁa] of the present
invention for the structure packing elements has a height of Ly and L,.<L, .for a
given conversion value. In Fig. 3c, the corrugated structure 14 is combined with a

I5 hoﬁeycomb structure 16 of generally the same construction as structures 10 and 12
except the lengths are now shorter to 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 inclination angle 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



15 honeyconb structure 16 of generally the sanme construction as structures
10 and 12 except the lengths are now shorter to provi de f QbySho<GPPEr Si on -

provi ded the honeyconb al one of Fig. 3a or the cg

structur e%'ﬁégﬁg 3b Thus inproved conversi on I S_provi de&%ﬁl}ﬁ@}zg‘gﬁ‘ng

| ess corrugat ed ct. r| al Th of t vel
structure. o a PRGBS ARCEoEBR R dn Fid By R e oF WpdRie PIREIPRY R R B

prefer a quickely ﬁﬁ&eﬁwaw G350 Hae 3h tH & Ri&entChe ceﬁﬁg‘a%ﬁé ohirfBeient,
renoval . The increase in conversion will be caused by the inproved m xi ng

of the structurke nvceemsm dingonapy represersingiadjaeert elemientsreherdiovhe flowadirection
h nb. 25 I.n Fi f d t 18

nous: g 20 o df & s iy Bil 0 oS a6k Ihhie o e melicl BT ik A fgaent
charber in vl Sl Rckiengh 274 Soh a5Bka: NUSoRACKINRER £OTRHISASME 24,

porous. nesh fibrous materia enents, pre er ers

descri bed her eiTheatumber oBeleiEhﬁtsme@depéﬂ@mﬁelﬁe dxlmaheimsng bf € owslngr A0 afd/ of
corrugat ed el ene és 24 as_shown in Fig and referred to in Table |
preferably at B Jimeppiqat P%ﬁhegﬂgpeat@néfandaﬁcwmeaﬂleahsﬁtev%wseu. tabl e angle
according to a given inplenentation. The elenents 24 are in this

enbodi nent identical, but may differ according to the 17 14 Novenber 2003
WO 01t 28665 PCTI USODh Zé 73 ip thet dl eoiagirve mpduemmd:cbmiesinmatenﬁanlgmewZémwmgl e

of adjacent Ieme13|s ac lagonal lipe in. th
1 gur e+ eprisbe Rt ke s Frtwetet SBmeas ol i 4 nEhs SgPeped fivgpptional
di agonal s repr esrat igetertiraOBtne! J0TETES fénenei 78 LREFIGURE & £ Ghbrated fn aS
shown in Fig. 1. As seen_.in Fig. 4, the angle of inclination a of adjacent

5 el ements di fﬁ@%afBWZaSW alandr négseribedo Vor ttBR gafprementencdar @appliratines

el ements 24 Fhayufies o0l pRiorRoss see RS, ﬁgﬁo%ngﬁg i BERShags LR

t he housing 20" an hens I ONS O he corruga

sheet thi cknes$eridlnNbi §9/181, 1861 ahth ethal tatesrnainieypondingC & USg8ERd Neshoerssg al
el ement 26n‘gay be. 10 usghd gl ace of the carru ed el ements 24 of Fig.
4. The el erfent ™EBLPRE B theomiodygerye ROTER SieseiBr s [0 latiea applicatiges grevide@ 28

af or enent | oned ‘SeRTanrt andBruRR Il ARG RN by AR RS e el Il the
correspondi ng elemapis|26e finining ddBrugSeonsal2 and. the 9oridigehsfatanih theahta hiaerial.
correspondi ng t[’ﬁ l&?xrusgart&)gsl are fonggc{ g? Zsagj%%ent 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



15 nmentioned in the introductory portion herein. The latter applications
provide a description of an apparatus fully incorporateth Ryvensfcgroepge
+herein for. making the elenents 26. form ng corrugations 32 and the vortex
"gener at or VO H/IHE sheet material. The corrugations are foPGEd38Y28a} acent
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 P (Fl GURE

8) of about 90. The mqaqEs @ﬁchn‘ar&e,%gﬁcﬂtv%ﬂéx bbhRatotd $Rhind §% hRCthAIar PRI
el enents 24, FIGURE 4, are oriented wth thei'r corrugati on channel axes at

al ternati ng andiest from theeplioof ther dememsr2¢f shedi matetial THde @enenatpas #62ad f48 m
gas 25 channel s.t here. t hr qugh. These channel.s e ip fluid.go I cati.on
Mt each. ot ner st g A Beiog iR Fach FEaeedromHBe Nt PhG-oBeRarENel al
surface. ThesflQwWepaddefrin AL, © ThERYALatiths daVe AOFIAILH. VEhe Q0AGE REMHrAErs O a
given inplenentation as set forth in Table | above at the desired m ni num

pressure drop. Proddeadditinnad tinhylenpreaniohys fgtheopiomote flniscflow through thiegores,
enters into th . I 140,85 _diverted.at 30 angl e
e SPERS. el e SRRy WSt il Fugh 0

cc initially thén a acen

al ternating ininthereideedl iianthefl afdrewentibhed fptidhwsn PCTURIOLNTES | dhd K
flow. This turbulence creates a pressure differential across the elenents
resul ting in flQIresPonging: Heomphicatien seriglsNgr 094338, ansempetated hy geference
material.. {8 34 Hpvenber 2003 WO 0l 128665 PCT/ USOO 28473 In Figs. 6, 7 and
8, optional vortex generators 46 and 48 are triangular and bent fromthe
pl ane of the elenent 26 sheet material. The generators 46 and 48 alternate

in the direction in l.ch_t he roject, fr t he plane of fhe sheet terial
5 as best seen in Filémlg‘. _9’T ﬁ%‘yci‘g?& dﬁﬁ*‘?gﬂgﬂh‘&vﬁ fﬁ“&)?rd‘?lﬂb .‘m?ﬂ‘elsvgﬁ'?‘ga ij
generators prowicie rmickdli MECRhtekbl, AR ARddMHR bkt BEbof! MPESMpisdsd

fl ow through the pores of the I\/I_EC‘ material due to the pressure
differential t@BREAEcdddentival packinedtlements d@4, 166, OB enddtl &i which atehpart of a

af or enent i d ' | on PCT1 U 10784 and it corresppndi ng US
applicati ogl%ge}?gﬁjzl{lga?{)@f fé%cﬂszi%? Jn%ac?rzglgrsg?"g@r%ghor“ésf P ggvo G SRS 1 n
Fig. 9, structofedopedcionfigurhfidn.i Widlefning blemestiaedshiveni ini Figf DI, g ivhy wagr ous

mesh MEC materiﬁl netal fibers or ceram c fihers or both, and conprises
an array of id@hfUSHRLQ:CRIiRPrafticharre oL daverdemenisgnahbe e wePEiing e apar t

of 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



15 larger array 103, Fig 11. This packing structure shows optional -vortex
generators of a novel configuration. Wile nine el ementf Rh&sWaposN Fi g

11, this_j y of illustration, as in practice nore or r enent s
may be u&@"%@ggdi ng to a given inplenentation. Al so, ttfé:]&ﬁﬁgﬁ% are
shown in a square _array, Thi conf | tiop Js.also.by way of .i.llustration
as a preferred? dﬁﬁéﬁ?"."% rﬁl?eagﬁu%g:b?% theag&}%l%\é% Ee(?egéon oF the
rectangul ar, ciifewhRa fﬁfteﬁnéktﬁﬂﬂ@g tel 6 gl inhde Fikire (hdd addopding 16 GNpReabl €
to the view of Fig. 11, as desired for a given inplenentation. The el enments
are housed i n &rplomentation ey eidensd tagthanvertigallyHrom theiop tebettom of thedfigire). i n
transverse section. Other housings (not shown) nay be rectangular or 25

circular in transverse section, as shown for exanple in enbodi nents
described Berei naf ieFig. Eactheasubsmrind blkaK,114 Ghcludddt pinchlitl Of bptidmil n@ughom
an identical substrate hlank 114, Fi gl 13, of preferably conposite porous
fibers as descfUthErpressaicdibyelddineshEolddings arg illustraiedby praken 1mss Ak m
the material a ri bav | {501 ¢ ; ' |0 : ts
noted in the iﬁ%@?ﬁ‘ﬁ)&f@f&% %Igrl(’.l"l gﬁstegé]‘g ﬁgoéf\/\ﬁlg% a?@sﬁﬁgodrngolﬁigﬁé%isgg% Bgﬁl
ref erence her ehales TRé dré dokmedl Avithsa aalf rlddnandt half BEX6ddispened seetveera epdr b on

Coml ot &bl ankA RS P! 48-4h) GV Beb srch B Gcs e dBs b e {2berdaars

appears as1@hooh OrTdvie Magvenlallp! BAEK vbidx WehBragdts la8 SRl K@ ledcFiBEY el Of
the illustrated pattern extending to the right 1n the Figure (and

accordi ng to diegeined heiholisdRéraretdjenent theyipaegiondfiths tahe i 24/and arcdodaped om

the top to bott f g ). l,n Fi.g.. 1 h strate bl.ank 114

i ncl udes a pl ut Wﬁl %4}%6% ?ogﬁjgnctaiwgﬁ%}hh%cﬂfgnﬁdteﬁ%g?éﬂt (?SSOfI?edSW%es.
Fol d i nes ar eefdrémtst ihedisbwithr @K fthbutngeimbd Gnd 1h8itiplel BAmed G0 @BOfigEeON. A
first row 122 of identical tabs 124 and i1dentical through holes 126 are

formed with a FBIsSe4deaitigalingrte. 126 di sposed between each of alternating
pairs of ag4acent fold lines, such as lines 116 and 118, 120 and 121 and 10
so on. Tabs 124 eventually formvortex generators as will be described '
bel ow herein. The Eadhetsb 124 has e fistj aigeri28tdoextengive eithanchahnéierthmgsfold? 4

and are |l ocated on_ .a chan formng.fqld Iine at whjch the inclined edge
130 emanat es. Ei*ﬂ‘?_esg%hrés T%Egé'e tﬁ]&ﬂ@f”gﬁ‘% Ageean pdgR {WOW}““SrWt%?nﬁf a
mul tiple primgcddd daenélifBMIIRR subleRY fo3& fhe | 8 MHCliGeH toRRE 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

20



15 Each tab 124 has a first edge 128 coextensive with a channel form ng
fol'd Iline, such as line 118. The tab 124 has a second epgQokpthapbeh
- emanates at a second channel fold line such as fold line 116 inclined to
‘the fol d WOHB2866f6 and 118 terninating at a distal end seBfrEHBONIEH3132.
The edges 128 and 130 term nat e_at 20 on e at tab fold line 160 gl ong

pl ane 133. The shoyn havaliauating colpgens NGt SAESSHIAIRS 1o clgan 198 oth

of whi ch edges axe; sf al ghies 398 \lvh%h%?e% &ﬁ@nfﬁeihemgieenté RSws 358 Nur@s1dd. ne

118. The edges 58" “an emanat e Yom a co transverse pl ane 133
as' do all of tiereestgfesvenfsutiheowaland Idurols. maw 2 provided ddcprdi® to angiveh i s
optional, prefera | s. square or rectangular for the purpose to be 25
descri bed, but ”i’ilﬁf?‘%@ 3JPRer shapes as wel| according to a given

i npl enentatizon. Holes 126 are slightly larger than the tip 132 so as to
permt a tip 132 of a tab 124 to pass therethrough in a nanner to be

expl ai ned. Al of tHA&etrats 12241%hand 2% sltemhaterwith 1095 MG 14Ri apdelidpat tbs el

to pl ane 133 3?4Adcgh?1 %gﬁé\,\%b%f%' g}r}fjhojtgs 12%f £ ﬁ@?lt}(?[h@ dr]%%?e ztl'l?tggar €

al i gned paral | ned are c anmm suc

colum 134 bet yhena codinveN1451148f 15@lkad Isomes emhqmﬂyl s bldk BRdhdsls.
The tabs 124 and hol es 126 hetween fold |ines 116\)%‘1 118 are al i gne |n
col um 134. Thelupliyef rews aad xelumnngy, Bitoieps 38 and Woles1l2pg8Eh the tabs o

PCTI US00128473 has, ' ‘!‘HH%?
correspondﬁﬂ’g go umm i@&hgw%&ﬁﬂ% a 1cs'f'liLl 6 mlc%ﬁalgﬁsmo gned I n
t he respectlveﬂtmhs ﬂﬂhoé&scbf%emaﬂtﬁngcdunﬁmwadrm&dsshm. and colums . rmay

be provided according to a given inplenmentation. 5 The rows 122, 127 and
129 alternate with rows 140, 142 and 144 of tabs 124 and holes 126. The

tabs 124 and hol es 126; (gafw Qfmsmé%e éléx%cﬁ‘lnl?bﬂ‘lés el oF thd 8lenhisCs"BhBed
colums ' 146, 148, 150 and so on. uent the blank 114 has a

plurality of rbydbending &ltlhlwﬂissubstr@th@litt a!l.om Bld Gness! 1626184 129, 1 Bbandibs

of a 10 gi n set um [ QWS rn I-n rt
hori zont al §05|?|08E£1\%1 ?JH aﬁ* ng °£R%F reC?% > the ;foe%é th ﬁi;m%gﬁﬁr}ﬁto fnd
rows as shown. chdrﬂeﬁ@squahﬂc@mfgalﬁﬁstrﬁét&rem amenitrutfidd  hagsidentécadl grefefablne
el ements, is forned
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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by bendi ng the bl ank substrate material along the fold lines 116, 118, 120,
121 and 15 so on (Fig. 13) in alternating opposite directd Qpgsmporizookor ns

t he bl an iL.ato a channelized quasi-corrugated struct T ructure
has i dent |((;:.a 8|Ek)‘{r§ef erably square in plan view channels 152{&@?5@3 and so

on. These channel s gyl s ol LEF 533 LAAPEASH Be ARG DT AR Fihoiid D -

Thus channel s 154, 8 and so on owar d tomo
di recti ons 15%imedomsianiettcl&umiéd 134,168, i38lan@éb sm Thud deaabsoft dvdumns
opposite direction_toward the top.of the figure. In Fi resentative

p g . A2, re
el enent 162 had4eAdpmirdsl4dpare bagg in thyssame; girgeiion, %w‘%gofaﬂiﬁéﬂé%@@si Rlane
I nternmedi ate ' I 4, ‘jﬁf.‘ﬁlsa a A i
pl anes extendﬁﬁgg@?g{ﬁ] g@?t(ﬁ%ﬁaﬁ%ﬁ r?ot e f?%uraéggga%gdﬁ%ﬁqg trll%rdr@Igm%
di rection. Xhalireetion 66t dfathe Ipddrercaflthes figerevaddysfra@Otha viewlss2 Firecsanieabending] 68

has lateral side walls 182 and 184 with 1. 182 being in_.common for
channel s 166 éﬁﬁl“en%ﬁpr‘?ﬁ’éleém%% of gvs, ‘WSIr. A\ ch@%qpbgqe SRS RRETRNS, 5
seen in Fig. Jal;méub_s%-ro%hﬁzﬁil&'ﬁ?%sta% oPRGH: gco]l%ai}ﬁaﬁ%E 'iﬂ»'?&%ﬁel

simlarly with identical channels. 30 Prior to formng the channels or at

the same tineditehgonsabs 124, Fig. 13, are bent to extend fromthe pl ane of
the blank 114 to formvortex generators at <collinear fold lines 160 |ying
on plane 133.. 21 14 Novenber 2003 WO 01/28665 PCT1US00128473 The tabs 124

in row 1221(are bentTHRUkbO124°Nef Bk Rt ffw U186 if igIAdatdht QRBRGI! Ebluklhé @46, Ons
in alternate colums 134, 136, 138 and so on. Thus the tabs of columms

134, 138, and 1#85180 andspton pret ajk berinparafiel datthe same . drectipntat sproespongdingni ng

plane toward .fe i Fo‘i‘@'iine”i?ﬁéﬁ%%lei B @%L‘F S dhal-Pok 51%“%#}.3 rﬁ%ﬂtmé nydhe

opposite 5 direction out 0 ane hé™f1gure away e Vviewer.
The sanme bendipagpllebghenbe of solpmay i 84d 38kadsaba. of rows 127 and 129 which
are in the sane colums as the tabs of row 122 so that the tabs of a given
colum are all bent in parallel directions. 10 The tabs 124' of the next

row 140 in4 he adj mn&bsaiwfdf%@n&&'rkimﬂﬁ@bem%%hei}?&Pé&ﬁze%ld)ﬁn&f @ all

bent parallel in the same direction at corresponding collinear fold l'ines
186 paral | el the sAmndiracBigntaswhe thbs H@4Vinemoew 127 hey., tovearditiso viepsr abt ef theo t he

20,1 R R RO 808 R ARl Bt bl nert o 527
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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the same direction as the tabs 124" in row 127, e.g., toward the viewer out
of the plane of the drawi ng. These tabs are paral l'el toq14 Revdratst 2pb3r ow

- 140. The tabs 124"' of the row 142 are bent at their fold lines 188 in a
di rect i onWOH/§p0si te to the bend of the tabs of rows 127 P&AQUSpNR847% g

in a direction _out of ane of t ra ayay,. fromthe viewer. These
tabs are paral [&m énﬂﬂ%léfnrto A% ﬁ%nerglg)hﬁeﬁtcvveeg#lo%aa%m@%e ]{I‘ab”é’et’ rFORBR s
136 and 141. T r e ISRRR t

tabs of rows 13%1—%%@%%% ?ﬁwt%%ﬁslgr?ga%%%%dg} glleépceatl n thﬁghfogend:oft&rﬁe

t abs of row l144hanmelsbent the sane as the tabs of rows 142 and 140 25
toward the viewer. In Figs. 9 and 10, elenent 104 has a set of tabs 1241,
1241, 124E", 124,"1 , 121 and 123 in channel 154. The tabs 1241, 1241", and

121 al | extend in tNeeS@pe in dhé aeki eﬁpostterfaemgrr&taenetfmﬂafét%tlriﬁim%%age
connecting wall 190 into the channel " 30 154. "The tabs 1241', and 123

ext end from t herisagon txthe £ibs of deanmel 154 as hgst seeh #eFigald. 192. The tab
1241'", however, extends into channel 154 fromthe opposite lateral side
wal | 194. The tabs in plan view along the channel 154 |ength, fromthe top

of the figure to tmTaehoticambléodkind Gterniptiandf e vératariineps ith%y\/tﬁéttaﬂisﬁls
channel s and thus 22 14 Novenber 2003 WD 01/28665 PCTI USOO’ 28473 form a

sol ely tortuou e%jé?@r@l f‘y? \]/%?HRéﬁ‘les‘?i’a’%m’ef%‘?m?mdlﬁ@s@awldﬁéﬂlaéé‘ﬁtqpﬁmt
vertical | '1Beaf abl 124} wet 12y t‘%&l abh fah NGt &Q«%Pth%' 17'45"“%4‘&) cgng
577 ¢ annel 1 are in

of the channels. e ta sint next opposite faclng ch
mrror inage dlqventaapommnt@f ¢deh dfabs tafs olealivsed pbbfbrasf Hesbthseeibsiin tEeg

10. The tortuo bI 0 nterru tion he ve near path by
tabs is best rctlkl'—‘ﬁgp appgew %F@@%t ’t?eo‘é héh&’t’?l‘ Al%&ﬂtf’n‘é %é‘F a‘i%ﬁﬁ has
an upper nost 1Qfﬂ1@l%h&r§fb?s iR tHR&eH] daP WREctiodhothdio tﬁ@glahQSF 1 i?édré' Tﬂt‘?é(ﬁo

| onwer tab 1242" and so on. As shown, a portion of o the ta
overlies a por liness verticah@uidmaty ispaesent long e letgtinnfthe Chmneﬂléﬁ@l(ta‘thWt he

The ver i car of s BcorolsSmsaarnif by ARG B QLR Fayen Serilig e Fren,

vertical flui dthpmaﬁadjacqmasmiatﬁtnmlthlam L2616l idoivall BEa eb@arghg %@8. (or
channel s 15 154, 156, 158 and so on in Fig. 10). Also, each t % in a given

channel has one edge
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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t hereof adjacent to and abutting either a lateral side wall or a connecting
wal . The holes 126 each receive a tip 132 of a correspoibgmsd 2059r

exanpl e, |,/ ' 12, a tip 1322 of tab 1242 extends thro l.e 126
i nto adj %%ﬁltffdgﬁsannel 20 196 of an adjacent elenent 1102. W%&%%% of
tab 1242' ext AL O | (o) . 62 ! 2" of
tab 1242" ext :{%:oﬁ'ﬁl[ ocogg%cﬁg%dk%gg%&ﬁﬁ%ﬁ oef’%% %6?'{%#%?% é’%ﬁ't;i ps

thus extend t hmdughnidieothe aeapandicagenol es 126 of the channel thereof
into a next adjacent channel for all of the tabs. 25 The tabs extending
froman internedi ate connecting wall, such.as tab 1242, Fig. 12, attached

Lhe connecti ng val| Tt ha AR A, [ RaRk hof PepEaTsy HORURbIACor (e Ggte )

t he connecting wal | of
el enent 1102. . Hewdigerl3 foonbkosef willeof tleschahingll @erinadjdckal tefieclihsing eviich

toward the chanpels of the ele 162. Thus, the tahs of each el enent are
enpl oyed for gﬁaqgmg}ﬁlp%sm ]clgggb?‘ﬁt‘ﬁﬁ&-[waﬁﬁh% %SPEQ‘%%WHEF%Y W at

el ement to prgyde, tddenotd@fh B Schldll ‘i ! ;

el enent are sub%tantialolty iﬁﬁg#elﬁ{d%nt o?lfutéjhgedjgfg)tnirilbe%llgt 0 etﬁgﬁg%f%@gs%%

el enent s, not viilZhinteridi wglls hdn théesame pmadser,] theNitabe rdb ethe 2088 suifird3 160 8665

PCT/ US40/ 28473, 132 0 he cqnnectin |l ,tab ooperate as.descrihed with
t he connecti n%n%g esfm%\ﬁff %ﬁ%ﬂgﬁgy@%ﬁé’l%jc’}c%ﬁﬁ W@ﬁ?n?ssshoﬁ‘ﬁ’emt 1§81 24
and tips 1BP dre Hules DB thav%dgé SurficBeam|adendnetdisarp! ank 5 . 114, Fig. 13

for those walls of the channels next adjacent to the housing, which walls
abut the housing 112. Thus the tabs at the edges of the structure array

103, Fig. 11, do t : r t J.nterfere
wth the housing 117 a7l BRAZE e SR Sl bR BB S e
edge surf aces lighid tve oppdsite cides 108 respectiad clemnt] Baload etlt@cy Ifei® cohtathese
surfaces as shown in Figure 10 11. Holes 126 in these edge surfaces are

al so not nece QP@O‘#h@_ tPMSEWehOI%@@l?@ afe QngqrE?ﬁaEF%Ff@ﬁﬁls dFess to
provide drisp bRnficatingiled sh@ dRNARSIE BpRhlf fordhe bidEert GRRRALA VS channel

wal I's to enhance fluid Contact throug e packing structure. Al so, the
use of vortex generators, cross 15 comrunicating holes and the |ike are

commun; cat fon anond EnBlEn il Thvich, Paa B Fae EReEE Hifoc el
axis_of the stfroeidniserdistaye He3vertital R 8L thel fucture 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
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'opem ngs in the structured el ements sheet material forned by bending the
tabs out 20 of the plane of the sheet material provide ”WﬂBerM@r%OOB

- communi cati on between the channels in a transverse direction- These
‘openi ngs A OHYEH ngs 126 may be formed in all four vval I sPﬁTﬂéﬁ)@ﬁS‘ﬂﬁt erior
channel . The el errents of structure array 103, F such as el enents

104, 106, 25 16812410 mekengs b, exiends @néheabrey mw@éil%g@prr@ﬁn@ﬁl 1386t
wel di ng the cor <
The wel ding i BHhe nOf GATGRELE il BEUPRE ARH 8 AL % e |
into the tower Msu,sthagesjlibﬁce(&ﬁtgb ofidntatiam) &.doekiich rebplearead front Agiveauwsdlhp Dy
friction or by other neans g hown such a fasteners or the Ijke. The
el ements may al&HH SE@{?BF%dS@ 8 Yh¥aY QT Ample. 45 Phes Oricpiiens &1y Pagsehi ng
devi ces or bondjcRgiRALWBivdrinesoul d be understood that the nunber of tabs
in a channel and therr relative orientation is given by way of exanple.

For exanple, only one tab, such as 24 14 Novenber 2003 WO 01/28665

PCTI USOQ 28473 tab 1241 "' in _channel 154 extends fr | ateral , sid
wal | 194 into 'chann]e];m%’gﬁ the v?ﬁﬁ%%f‘%e&q%xl m[eﬂ'iir?“g(r)}g] ‘g"%ﬁ?ﬂy @k?@l‘fﬁs
from each si de dfahé atrBy Q08¢ prachidd nely: varfNieen ﬂialﬂ@hmuqm@%haﬁnm&gﬂqs are
orientation, cg Wmchtabs extendfroma given wall in a ‘vertical

sequence, is al W}W\W ?(tafﬁplnémh/&é for p e vesr immeraentatinn nSa;letbenunsédPy 5 .
according tqa u e C q[piq} of t and

t he packi ngfbar rtg%/\{@%a% ldf ?&p &8 at?lfg%oy @‘Jvlﬁeﬁfa gtlcsmfn n?% %t hat -
shown. The chama:-almdtemg’ed;mredrm pa‘.i'ﬁirﬁr menécdnrb& préeesé aQTdWc&sseﬂ\m:lrMﬁﬁbcfv@rma
given i rrpl enent at i gnta‘la}_s et er mi ned .10 the t%@e -of fluids, volunes

thereof, flow MRIELE SHuruse gét?‘ré? i§ dgsgp ﬁﬁéﬁdﬁé@é@@’?’é‘ﬁ@i’?‘@é to.
et o1 L eyt oo LSl At

structure of Figs. 13 is descri Int | one
application PCT/ US98/ 27699 incorporated in its entirety by reference

h in. . In Fi at a t ort structuge or, heat
tre;ﬁlsPe'r nodul gr | gacflg?gléﬁégan%aéé&%mﬁﬁstts 5 ”gﬁsfv@ﬁﬂ? ﬂbf’ 3 *t[eFB“rPd“’]
pl aced axi al | y patkifg 20bg, a&&ng) td argivhe Hhﬁléﬁiehtaﬂfant fieplhsdeadPRP 30 2 1B

packi ngs 2028 each c?nprlse si ngl e one pi ece sheet of Eorous mesh or

screen mat eri alOtRafetasfthendsngth gf the wbe 20202, Themackings 3P 28ngaeh compries aal so
be ceramc, gl afgie G R% HeePOWpiBHPLAR LPYcreen 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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20 thereof. The nodul ar packi ngs 2028 are place in preferably abutting (or
closely spaced relation) in the tube 202020 bore. ReprefeRb@dhns 2apgul ar
packi ng rises a single sheet of the porous nmesh material. The
mesh mat é%ﬁ%’,f“%gog. 16, is folded at fold |ines 2030, 25 Mﬁs"é’é’ﬁﬁ%nd so
on at one side 2034.pf the ckin 028, d l.d |.ines 2030, , 2031"
and 2033 and so_onTH ME BESEER Fetennaof Sefe0d0ay vabat s5nnls: beset
lines 2030, 2{k0lindbed030€aral ZHAN RIS ACIchernlly & Sarihbi eheinaR e b ierfakat

pl anar sheet nesh nmaterial. Fold |ines 2031, 2031' for m_ an adj acent pl anar
section 2040 o04¢ewhichnaiiugy thel mbged0203h dney 3grfaery Abgcserdonn 2038 andi 20#Hw

g 14, The abrearrieprapifivept i YhiprahRlbi B ORohs IufishlihL ") o
turbul ence fis ak lphraliel sirisgaralied do diecothérseclidmBvs the pakinaedad & aasaitan&eid ant he

tube longitudinal axis defined by direction 2044. 25 14 Novenber 2003 WO
01128665 PCTI I5tayy 2Hi87af narallslesgrisonsp eacheiestion frminaingan g tbdlineoloomingyathay

of exanple, b . | § ine 5% el Or i I

rectangul ar i ﬁ%dg?%g%ﬁa@eg]teu ogﬁﬁlrrlltgerfage ﬂfﬁ%‘?@h%u‘&%ﬁ‘%@uﬁg%%m
i nner surf ace.suthes setetfacn204D3B abndar? (v8r swifiicelvfathe tutep2@XR20tiatpreferable t he
orientation of,the.other sectians ih the. packing 2028 5 e | el and
ol o to ¢t GG SHetrR he SHGioRS ieh Sk Stops 2fls aherEd i

array 204810 oforPaealll BlereSsidcRiaSas £388 piR6 ishBbutE SPaRdd BY 1814, ﬁnés%g!' e
formng an interface with the fold line of the adjacent Section. The
i nt er nedi at e iipteapediatgdnterfaed: sueh 4xinterfage 2046046 al | abut an inner surface
of the tube 202020 in preferable thermal conductive relation. The sections
such as sections 2038 and 2040 and so 10 on are all interconnected as a one
pi ece structure seppiedres di\seédm shiln@sseatichs@038 iand Qomﬂirﬁltﬁcdrfgsg%rfscﬁ\ﬁgea

an

such as interface 2046, The array of sections such as sections 2

2040 form a corRESbEu Hgnnels sugh asrchenapl dOthwhishiase sll parallel ofteenerelly figs 2
which are g | sEﬁ’é#ah?Jeig wiRBDE] &tdYiohd SJGSE?HE ILE)E&Q& X}eéa%g cwebafen
, Frg. 4. L th&nne urout en

di rections 2050 ocated I n eac are ce dgenerator’
vanes 2052, 20@bukende 2&fatof vanes 2852654 and Pa56) fbr AMmPle in theneh0058.ar e al |

i nclined at t 45 with. t to.t fluid fl jrecti 2044 th h
Lhe tube 2020 TR tARAe Bl iTRRRAbEPRE 1S Wik Mot e thud Panclirecaan raid
fl H d i npi ngi migroRsh HAUNADERD, bubRay 86 sRMeASY RS tand8, THESarR 2 uitdaper side
wa

_ 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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20 surface to optim ze heat transfer to the tube. The vanes 2052, 2054 and
2056 are just a few of the vanes attached to section. QA Revdrded 2vages are
-in spaced alignment with the vanes 2053, 2054 and 2056 in the axial fluid
flow di red¥Ogn28634 of the tube 2020 in a vertical array. HRGIAEF00EBKT3
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Fig. 16) is in tiefep ayencehedeiemab dissrtercas ths r@lative openiateR of $be Vaees Bfnetube
2020. The nodul af.,. L Ng.: | . 7] t '

accor di on Tashi SHUSRCR! B hud PSR & ARH IR DHEI GRS el e
secti ons and i nsamednaaberespiindincanbs . Hohever ter srghtaion dfnthe vhnese svhictemaly
angles to the plane of sone of the sections so as to mate w

h
correspondi ng CGP@PEH‘&S%GP the, tongiipdingloxts ofthe tubs may alsohe ‘gﬁISWi‘t for ‘?gb’.en_ﬂf.
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best illustrated in connection Wt I'n Figs. 17 and 18,
the orientation of the vanes are different, but the dinensioning of the
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such section such as interfaces 2074, 2076 and 2078. The interfaces

alternate on oppbveressreiéame dyruty 2088, 2620 8ain stedom 20h04-pig#5°1te the Tength
vanes ar e 10" Mefhoii o (AN ElRecth b RRED i 308Qglh. 45 0 the

enath 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 imagﬁ 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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di rension of the blank and sections fromleft to right in the figure. As -
best seen in Fig. 18, in blank 20104 the vanes such as vENQsve2%0 208982 20

and 2084 sentative section 2086 are identical and t hr ough
cuts 5%6.0 anesg 2090 and 2092 are shorter than vanes 20%@3@?%7% 2084

Z‘Sgihiﬁd 2006 in tnocarabesart 5 sBark el h Wb P ik iRl PRI

as vanes 2090 andjzeumbetwbmsacﬁomwmmm VBedtivys GDf(fﬁez[nde(llleQ”@ﬁﬁl ot her
according to a.given 25 inplenentation. Cut 2088 has a straight portion

2088' and an afgPEREdALE ot e 20110 therehegvesn. A fgther intermediate inderiase 204 |2
2098 fold
ine 20100 shoLact ol s 278 and90] RPE:Gicclte sotHOS 7HT8 PGB BT

ot her sectldnssann not shown by dashed lines, but are intended to be

i ncluded. The fold lines for all of the central sections in blank 20104
excluding the two opposite end sections such as section 20102 are parall el
to fold Tine 2010fhe Ghel e QBHRS 828 T
sections are each separated by t 3 ¥ﬁ%s sucﬁé {%%ﬁ§q5ﬁ§§é§gu:g§
and 20108 bet werthsestions. ohke 2088 2&&120 22@102, 203241 226 aﬂﬁk&ﬁnmfdhéeﬂd)&:dtmnm

internedi ate i e 20110 t herebe A furt I nt.er med ter face
20112 is bet mggng%&gtﬁjfnf%f REansye3g é“?\tgeﬂgﬂ CSHY s%%??‘l\f'éigg%éﬁ%n
and 2086 and SvasdirectlysbntaRemnef s@fiteDEehd Rbe 20d Werdfore Kive @irGithrek fﬂﬁ‘zﬂ the

vanes i nter nedi atcs the end sections. The vanes 20120, 20122, 20124, 20126
and so on of tWetcBnthesaEysteme ofl e enraed pnnersurfage ©f the wees 2034 dtThesareidhave

curved externa 0&%% | t t the.inn face
of the tube ané tﬁgsg?%r a@aggﬁo%ﬁ%gggg i(%% %é{%ﬁt} e R}%itﬂﬁ!ég'o ’t he
curved i nner smoflelae padking20281bk sROTG. be‘ﬁhﬂ&ﬁtcﬂd&haﬁﬁéﬂt@ﬁngﬁﬂﬁsn&% lseglgond

in location to vdzgnes 205 057,. f.or exanple, in Fig. 16, nodul ar packing
- 2028. It shoul PdHeEBERLY § %tlﬂtﬂ#@aﬁ%}%@ t&?@“ﬁﬁpleﬁéatééhﬂ@ﬂ rapvider e

general |y $shegmbi GinleRsidaliHeRibe ofMR! i hid rﬂEﬁt 6F e rovi de
15 exact dinensional relation of ot he dlgferefr:\t e e?rgln S %‘?ég‘ﬁe pac |§g and
tube 2020. Because the vanes of the different nodul ar packi ngs 2028, Figs.

Loogtr are tnel !l neg. QR0eha e s i aittefer Rod PR PR Bl PL1EMS " U0

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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direct fluid against the inner surface of the tube wall to maxi m ze heat

‘transfer 20 fromthe interior of the sections to the t ubm NdREnDERPES3 al SO
. create | gssure differentials, i.e., turbulence, WhﬁJE 28q?_.’xlmze
“fluid flow tanough the nesh of the substrate mat eri al formng rmodul ar

packing 2028 as Wi Irke BRvARRA' kBR Will Pé;néegcﬁﬁédai&iﬂ{‘er%&{j&[ gh&en‘? [quﬁge“ al

because of the snma pore size nornal oes not ex

t her et hr ough etemipléd)bopressiheacopd fthe présamt intemtivads astsinZnded toolplimiteed
surfaces is ahout the sanme or a snall value. The size and spacing of the
openings in tH&™%¥sh material of the sections, preferably in conbination
with the vane turbul ence generators, are optionally selected to obtain a
desired bul k m xi ng and pressure drop through the nmesh of the 30 structured
packi ng, aPt hbExahplsdch openi ngs and generators are not necessary for the
present enbodi nent. 28 14 Novenber 2003 WD 01128665 PCT/ US00128473 The
“invention now will be described with respect to the follow ng exanples;

however, the scopeaONd,hemeRERNtathRYERbInBAsddS 0N Al miifthRNEE dranGitiBE Mkt t ed
thereby. 5 Exanple 1. A NO,, conversion catalyst conprised of a mxture of

transition meexifles ipgrouad ip gn Fignnhell mmlldar fyveminuses at 4900 Il'prfldo niake@ st es

at 4000 rpmt | t I t 0o G
mean parti cl egfsflgzég%g%hgh%%éﬁ{ SOHBS t]Q'II%)rgii'lyﬂ}ésé agl%alpﬁ %rﬁ(?l;% S%%%t ar emécrag g%t‘l“% of
Nyacol al tfri ngwspminase addaghw% bﬁﬂybaﬂle&umﬁiatm was alddels onethe Ibhsis bf the _
slurry. A Hast I meter thi ckness and 90%

m cr.of i ber sh f04m'
porosity was sfoi‘flﬁéfvﬁelé?ﬁ ﬁlehﬁﬁgyc&rﬁ’?aﬁeﬁ)%t%r%‘“? ferygheet; b4 suiaeen t h
this slurry nigdHES b The in
t he channel s was ?%ﬁ%ggg/ﬁﬁ&g?fr‘y %%ﬁﬁgﬁéﬁgﬁgﬁgb bar c@%?ﬁ@é%%
structure 15 coasfeghvweith Buslsiugy mtupc by) dizt eoatiogoif ty sindnite. ZBhegexanss shithein

ti dd 120 C f ur, .thus a wej er cent
o eeunof 15 Y Byt AP reutve Ty R lsAResh ) G ofhs Pressn hE SHECE o
second ti 0% WwéiBhéd& 14 grmEnsirior k6 cbRinperavid s %x%s%m{édhnﬁggﬁﬂﬁﬂﬁn haneyronb
0

channel s. The, second coating resulted in a neyconb with a weight of 8.40
grams whi ch yiCefdsl ngamSeglmgzeaW@lgbémgmemzmcm e&np4 waghhpersertod@isccomb

structures of BedFio3Bkothttwa PRl %olfel Vec iRl fme 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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coated as described in this exanple and the final weight percent of these-
two sanple were 27.9 and 28.6 % These sanpl es were usefh fig¥enfstrabygti C
eval uation of NOx renoval in a sinulated exhaust gas and were shown to be
effecti va"@AV#665ts for renmpval of NOx. 25 Exanple 2. To BERU§0GH8ETIs of
the slurry m'>iture,'n Example 1, sjixty grans of water was added to dilute

the solid comtlentVeight PefEeY] (s yamplegvag br cagbiigeyaluanomn of Neergawng! of
5.87 grans i el C LT 1,
and dried aﬁg?@?@%ﬁgﬁﬁ%@% hlgg&lﬁgﬁ%y%g%%éég? %u’% rséf%aﬁg%% ﬁlen
coated a secofitN@i.ne with the 9.8 weight percent slurry, and air knifed as
described in Exanple 1. This second coating resulted in a final |oading

| evel of 29 14 Novenber 2003 WD 01/28665 PCT/ USOQ 28473 21.2 wei ght
percent. FBhi Exgmppl ® was used for catalytic evaluation of NOx renoval in a
si mul at ed exhaust gas, and was shown to be an effective catalyst for
renmoval of NOx. 5 Exanple 3. A second batch of the catalyst was ball mlled

as described in anpl e .l or mputes. To,this. slurry.was ded.l ~wei ght
percent Povi doneE?\D%%Onge{’%ﬁ_g‘t%ﬁ%escﬁabﬁfgaﬁ&gr%ﬂl“seﬁraﬁg{‘?ﬁ%"hg?IB ] Rigded on
the total sl fiymimies Mo dis Miery Wasbhded 1L Vefdht besteNEIEHRAPYPYRL Wakter

percent Nyacol alum na sol based on the solids content in the slurry. The

sol i ds cont ef?lublepoivnauprodud dyBASF ) kasethen the total tslursoeoncentratioon & dbish
Ot bt ; D pe . ; I o
conting af ¢ Buy RRAdRE Sl el TEEH Auraltcids bl R Solles, ety ang

19. 8 wei ght ipérecsintrys@he delidd tertentryanpuat td2C28.0r weight perdent. Fad two
cal ci nation ﬁt 500C 15 for 1 h&”' TQ a 'thif{,bg honeyconb_structure this 23.1
wei ght per celPREYFomp stpsuresmads fgm He microfiher material tisedin Expaplenb dbat ed

product had godidgdimais £veds %Ngg}mwk%aﬁeﬁ%sm-com@t?%ga.ggﬁlwre

used for catalytic evaluation o renova In a sinm st gas,
and wer e showsight persent sadids iafter duying 3tst29°€ dor 0.5hmua andfcaldi@tion24 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’
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Exanple 4. A packing of the follow ng specifications was nmade: Reactor size
0.05 m Reactor wi dth Reactor depthO.05 m Bundl e hei ght 0. DORbRHKEr®003

- vol ume2. 25E- 04 nB8 No. of bundl es2 Sheets/bundl el0 Reactor total heightO.18
'm React or WOHEB665 0l une4. 50E- 04nB 30 14 Novenber 2003 WO ORFDUEMRESECKi ng
specific 500 pR/nB8 surface area %ckﬂ ng material Fiber dianmeter 12 gm
Sheet t hi ckne§ekangspefiicpor osi ty Mkt eri al 316 Stainless Steel

PCT/ US00/ 28473 .ad spdre catal yst coated in the follow ng way: The DeNOx
catal yst was ground wth a ball-ml|l to an average particle size smaller
than 5m The catal yst was mxed with water .in a weight ratio of 15:85, 5
and honogeni zgd ;i.n a ball mll wth zirconia balls. The pH of the slurry
was adj ust ed ?ﬁcwgwegahition of ammoni a. The slurry was transferred to a
coating bat hrMa} gfanfepspt ai ned two jel@etrodes connected to the positive

pol es of a power supply. Each sheet of the bundle was coated separately.
The. sheet wasShteathdeknesyertical | yO-B@ml el to and at equal distance from

each of the ei,grcégi des and' 10 conggg} ed to the negative pole of the power
supply. The coati ??8 was deposited’at’”” 9V for 30 seconds. The sheet was

t aken from t heabaizh, and dri edli6Btainles@ftedD0C f or

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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30 mnutes, after which it was calcined in air at 500C for 30 m nutes at a
heating rate of 10C/ ruin. 15 Exanple 5. The perfor manceipfiogmsitenos

Sel ective Catal ytic Reduction (SCR) DeNOx catalyst structure of the
conf i gur aMOH/28e55cri bed in Exanple 4 was used in a standaPdTREIOREABt i vity
test using the followi ng conditions: an inlet NOx concentration of 500
ppm NH3 feed of 1The Qeﬁeéirwgm ganerallydepevest tafiastaird@oeiti2 gespectdp Aex

Under these coRiPErEndh Et SRTbR R B Rordil, "BAAD0A Summallld, NG 1 o

this catal ysemevilus bdiret otdetirahnbvd gad/ bt caratgstadatusm | Thies fasér then 4REBATr ed
to the sane catal yst configured as a honeyconb (35 cpsi, 2.3 g vanadi un)
gi ving a NOx 2 ¢asveRtanabytrucBirency of 96% under the same reaction conditions.
25 31 14 Npvenber 2003 WD 01/28665 PCTI USO0/ 28473 The DeNOx reaction is
generally believed to first order with respect to NOx Therefore the

catal yst strUEstampde 6f this exanple reaches a conparable NOx renoval at a
first order renoval rate/ unit catalyst that is 11 tinmes faster than that
of a conventional structure. 5 Exanple 6. In this exanple the perfornmance
of the sanme cat al ygt EHAShd u NOx
renmoval effici encz}[ﬁft(gl?>St :éiél;\%iv'Il g ﬂ‘%opéég’p |cgﬂalgﬁtg.g ﬁa?%ﬁ%ﬁ%ﬁ%n%g 27
ppm NOx has Bempie athesl twerruseleto ctudyl Wdx semowvsluefficédegr famimni NOx

i nj ection At t ifferent points upstream of regctor. In the first
case theqr@sﬁpﬁﬁ?%oﬁﬂ t E4j SETE 8%’#5‘?’?5/\2?]1’% h‘gﬁx }?aﬁa\?q‘?ﬁ weatetheve e NOx
and NH3 are pelysy stiiored 7Rt ahindiis ijbdibn! Aaweddiffereht poinid!Ghstfedm SPthe
results of these experinments (run under the sane conditions as in Exanple 5

except 15 f &packiex Inife fysBeass feresulting dnle) gasrséresmrinavellzmikednin the stedride
bel ow.  Perf ehioRbxMr REMa3d Bgorﬂpﬂﬁ)\(&f)g%%&%gc %bc%yst 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  sobes) vt SREPEROATmBRE b ap Syl Rk to Gy dBid Mosr
catal yst /w seaighi yisinnel selidnesipic areyugal iaokordigors simtlatihegtheedxitt 0hve t o
hori zont al H%r;gy,lguo ine.cgétﬁl sytt'SuE:mres utilized the same catalyst (3% V205 on WO; /TiOz,
"Pressure drop in all cases is 740 —840 Pa/m.
10
Temperature -350C
NOin -20-30 ppm
NH3/NOin -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
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882 n2/nB 25 45.9 cpsi The specific rate constant in the results bel ow
takes into account differences in NH3/NO inlet. 30I k / SV NOVET”T?G(HZSB/Z/ rl)
where k = ecific rate constant (1/h) SV= space velocity (vo ee VO
struct ur e‘ya%}@’i“f\lo conversion r = NH3 / NOinlet 33 14 NovERBAISIGHEE WO
01128665 PCT 128473 Results 5 Catal yst Reactor NO in NH3/NO NO NH3slip
Length (ppm rsion (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 exanple clearly
shows that a Catafistt ype ReactongaNedinst NHYNOe iNOabl e t o NHBslipe nore NO t han
a solid ceranm ¢ honeycduhgtht r upbtye of the -sa@envwepdionre. (phdnpl e k14D 1 n the
fol l ow ng &xanpl e the t@@mP50 mm of the ceram c solid honeycomb structure
was renoved and replaced, 1 n one case by a catal yzed nesh |like corrugated

tructure angyd h y anspyncat ed .,ofoil of, the sai
zorrugat ed c%dghgﬂgg%i %ng@]szélNas dad'yfi n g?é 'ic?to asse%:%nt he I 0t of

I mproved mXxing prror t'o tHe honeyco on a react

' tal yst Reactor
anmoni a) . 1020 ’[%158 g:%m%?g {Lzlfeguﬁy sI%aws? th%t a mesh type corrugated structure is able to remove

aslip

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.

40

34



—,NO i h NH3/ NONO NH3slip k Length (ppm Conversion(ppm (1/h) (mm 60 deg nesh+
750 250.9987. 79%9. 329270 Honeyconb 60 deg Foil + 750 280. §bR3veétider2529201

- Honeyconbwh@gesul ts of this exanple show that a catal yzegﬁm@gﬁr{{ﬂs‘, 3
corrugated element in conbination with a straight channel honeyco is

much nore ef fegdimdr 9:n converting ammoni a than an uncatal yzed corrugat ed
m xer followed by a straight chain solid ceram c honeyconb. In addition,
conpari son of exanples 7 and 8 35 shows that the use of m xer (catalyzed or

uncat al yzed) corru I [ 0 i [ fficient in
removi ng NOx than 8?35%/%%{3#@%%{}1@5&%%6823%& a %ﬁgg%ﬂ%‘l)glﬁ rﬁ%eﬁr)lv‘g%er
2003 WD 01128665 1 US00/. 28473 anple 9: A 25% (hy wt.of salids).slurry
of o V205 VCAH PR B ‘a@ﬁ’ml etbetl ap%flme es@le% ogBiERt i e %@Hﬁd <1

m cron size. The solids content of the slurried material was reduced to
10% by add? t ioaenal wes dnced do Watechy adrigtiarnefsdesoruzadywaton oy thismlurmpaddedyon t he
solids content of the slurry) of nitric acid stabilized zirconia sol was

added. Addi t iwh&bkied, orl the(dolidsvcontbasaftthe Blurhd ofeiigiet acof sthbitizad sircon)a el
amoni um sul fate was al so added to this slurry. 10 Sheets, 2.5 cmby 3.5 cm

0.8 mm t hi ck,w5%daedi d AddictiRlly, mage (9 vhi BBsedobh i thy wiikhtCar i husryyedre
coated using this slurry. The sheets were then dried at

“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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120C for 1 h. A second coating of catalyst fromthe slurry was perforned -
and the sheets dried again at 120C for | h. The dried sheeNsvewsse 208Bci ned -
at 350C for 4 h. The uptake of catalytic material on the silica fiber
sheet s wX¥0 PUHEEF to be 70% 15 (based on the final wt. of tR{I/ESW8H3sheet).
The catal yst thus, prepared was for s..NO reducti on apility. The
condi tions of the Tﬂ’&s‘f 15qlesues - aﬁle ﬁéﬂﬁ@nﬂc dingpatgnts agd rﬁqqilﬁgegjpatem
Concent r at i 0B85, IRARoRE Mre HErei SIS JrReg Y Febrbld: 1oothe £ABReH [Akign: 13%
H20 ConcentraF? 8A)M% converS|on ofq§%@6mas oé%erv at a tenﬁerature of
300C and a spablecatmelvcm specidically addindivid@ll35ndotpotated tiosain BP@aferante.01128665
PCT/ USOQ 28473 The di scl osures of all publications, including patents and
publ i shed patent applications, are herein incorporated by reference to the
sane extest as Iflﬁa@@be &k&%ﬁt&&i,'h@ﬁ/e%&r &aﬁmegbéﬂeqﬁmypx%%t hlinvibAyal 1y

i ncorporated herein by reference. is to be understood, however, that
t he scope of nette hﬁrlmtolthﬁlmiﬁ@rﬁm@dlm@ﬁs desctibed aheiveeThe dnvengionperyi f i ¢

" enbodi ment s The.. | ion r d ot her..t han as
particul arl yggésc‘:&rll@%{j%tﬁgqg ?Slﬁm% % b‘?rzﬁ%‘dss%glr}% "g‘fﬂ”f’ﬁﬁ SOPE KTy ng
claims. 36 ldcdimmanpes ckads C ains: 1. A process for renoving at |east one
nitrogen oxide froma fluid, conprising: formng a nesh-like structure of
a porous material having internal pores and 5 opposing sides, the average
pore size of the material being sufficiently small that normally fluid
flowis not exhibited through the porous material in the presence of
negligible pressure differential thereacross on opposite surfaces, said
mesh-1i ke structure having a porosity of greater than about 85% the
opposi ng sides form ng channels, each channel having a fluid
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receiving inlet and a fluid outlet, the received fluid for flow ng through
the channels along the 10 surfaces of the material to anth Novesnigh 2688 d
outlets fromthe respective inlets, the pores being in fluid comunication
wi th each other and with the channels externally the material at each said
side, said material including turbulence generator neans one piece
therewith for creating a pressure differential across the opposing sides
in said fGlgwisng fluids, said pressure differential for causing the flow ng
fluids to flow through the pores transversely through the 15 material from
one side to the other side of the material -to pronote contact between the

fluids flow Rg on A%?F%F%%I&ﬁ%éé &?éispgne%grgﬁgﬁﬁé ﬁ%m%ﬁ%&,%ﬂ@[)gﬂ?é:?e

contact with the mat Int pores ov essentl

surface of thdommtgera alesh-Ekppndtinegofaa npdriweg anatenixl deviagrivienal @oresadmd yst on
the npterial .on.the, opposin surfaces and . in saigd pores for reacting with
oo B1 OHEOSE N4 TR ALt SR oT e me o GHiR Sindy SeRl i rem
through thei MG BSndt EAbRRAGIDLEE e Dot di8 nPRERBIH the PledeicO bt gﬁsEé Isfife OVer
essentially the entire 1surfacg@of %tohe mat er i gﬁ ;egr?d fc?ovwﬁf%g]:L t eﬁﬁsgllled

t hr ough défedentinbthaeshgosineh eppovity surfagess aiid nagshilisa strudwre haiving agpoosiyxefde i n

the flow_ng fluid, 25 The proces Caiml wherein said mesh-like
struct ur & %%?5 ﬂ%\anpag Pgtsff%%/ff s op %Sé(fesgjmn@ﬁgnﬁmgl?’ GIaﬁg Cﬁwgfewa 8ridi m 1
wher ei n s@ellirgtinleeasita MA@owiet, tROGEC eI AR fof fI6RIRIhedgh the eMnhBe aBhO R

consi sting of NO and NO2 and N20. 30 4. The process of Caim1 whérein the
suppd?t i sgfacerpf themgierialds apd rousl spideoutleta framthe raspregve indetsnthsporgsibsing

structur - : / Pus 6. ,.SEP 2001 5.
The pr oc AR RREREEL bR MRl Buth e el hicduath B nirelipindy
m crons. sfid silaesajdrmatesd imiudidgairbulbnvdgenerator rfeenssdnepicet tHepgwithfor &bting
mesh-1i ke struct H{% i.ricl udes form ng the nesh-|ike structure of at | east
one of a?fFHeHs egfial aarpssnthe.- oRpOSIRG car s downg flyids, sgd ggesspe ¢l ai m
1 wher ei @iftdAgiaf BP cRksink T Nink MR dIRS Aoty Fri Gt Brandvaf 1;/1% %J‘P | ng
corrugations in the r(egh-l i kemgt ruct urg, t (la@?:or ?Sgaﬁagns % N Esﬂag: d
chanfel s matdvil &orapneside tr thic nthet side oftthbh mlaiekiel totpromete centac bbdem thedhiidsnt'i ng
said ¢ ha@l%%&nsg c;nothe opposite 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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each other to formsaid turbul ence generator neans. 8. The process of claim
1 including the steps of formng the nmesh-1like structuret4 NBltemBercapsugat ed

structure, formng the corrugated structure into turbule r

means and then flowing the fluid through a series arrananGfmgﬁb/ 28473
corrugated structure and a nonolith honeyconb structure. S
claim 1l conprising: oxidizing the at | east one NOto NO2 éﬁgﬂgﬁ]%gﬁ@i)oégm
the NO2 with a netal carbonate, bicarbonate or hydroxi de supported on the
mesh-1ike structure, said nesh-like structure conprising one of a netal,
ceram ¢ and cergEipz6cees af Clalig 4veherdig the qatirgsthicknes isliesd thas30 hiffons 0. An
apparatus for renoving at | east one nitrogen oxide froma fluid,

conprising: a nesh-like structure of a porous material having internal

pores and oppQsi ' -he ' 0 I ' bei ng no
Greater than SboE FEgGShefsiiAc! AKELANGe RBh b iking"lhe i TRE Sbdlnc’®,

por osi t y indludgs dateing theaneshbketstr8&Ue dflaelcagtpas ofigfibtode metaby seramgicahatainel s,

each channel having a fluid receiving inlet and a fluid outlet, the

recei ved °f FEP®®for flowi ng through the channels along the surfaces of the
material to and through said outlets fromthe respective inlet, the pores

being in fluid communication with each other and with the channels
external |y thé. rleerocass oftclabmchwherein the step oSfgrmingdhemeshi-likggitugtiireg 10

t ur bul eng . | .he | 0 i sure

ai 1 er ongi i oea Bt B RAR0RIE (R REGAHEEAULS o XontB R B nBbaTR Y ¢
4V4}1 1 FEth#ungls, the ktep of Efdthimpihe snashy-like desctie isduding lopiehtirg faidiclaanels & d
pregsure differential gﬁr (]:ﬁ\usi ng the flowing fluids to flow through the
pores trS?Fi\F@h@é? eyl Fbulence SEReEMPEMERSom one side to the other side of

the material to pronote contact between the fluids flowing on the opposite
sides of the material and to pronote contact with the material in the pores
over essenti aBl {he heocesstof claim 15ndudihg dee stdps of formenethe atesh-dike stauctinter ogen

i d ' t al yst d th i al t h i
oo 2cechiFh bRt ol SRR ELoPReb A eRLEF b MRS S OBRR 0o vec
fluids fmeindmdanghflowihg tieh@uia dhrsuggsdrizs englpebat dTehesorfupad @ftctaidde 10

the opposije side of the material over
and a monohith 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
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essentially the entire surface of the material. 11. The apparatus of claim
10 including a series arrangenent said nesh-1like structwﬁo@mbg?mggol ith

honeyconmb structure. 12. The apparatus of claim 11 whergi lk.kﬁq )
structure and nonolith structure are arranged so that %{ |aII

flows into the mesh-1ike structure and then into the 6u8 €001
13. The apparatus of claim 10 wherein the nesh-1ike structure |s

corrugated. | 14. The paratus,of claim1l vvhereln t he nesh- I|ke structure
conpr i seSPRASIAEHRS M &Y 5@ dgngadd preswrdifferaiél foricewsingtha flpwing fluids

cor T Ugat iy9hgy, S R ofd 51801 Bhbgad g each
el ftc® e melEian o sk :

ot her an at an oc in the range o out to to t gi ven
di recti orthe mEtenthepa}mpae exdntsct bémaérahaﬂﬂlﬂsﬂbwrr@dm thél@pmmndmdasloéﬂmt ructure is
fibrous and of one of ma&lI fibers, ceramic fibers, or netal/ceramc

fibers. erﬁ@ﬂ%ﬁﬁ@é?l&?ﬁ%%ﬁﬁda«l the materighia the Reresioxer fSSORRIDHDE CRETEt ure i s

made; 6f QREaRlof tRQhitdifies@mM ¢ material, nmetal fibers, ceramc fibers, or
nmetal/ceramc fibers. 39 AMENDED Sttr. L
a nitrogen oxide conversion catalyst supported on the material on the opposing

surfaces and in said pores for reacting with said fluids as the received fluids flow through
the channels and through the pores from one side to the opposite side of the material over

essentially the entire surface of the material.

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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