30 JUNE 2005 PARALLEL FLOW GAS PHASE REACTOR AND METHOD FOR REDUCI NG THE
NI TROGEN OXI DE CONTENT OF A GAS BACKGROUND OF THE | NVENTI ON 30 JONE 2005
the Invention The invention herein relates to a chem cal reactor and net hod
for catalytically reducing the content of nitrogen oxide in a gas,
particularly flue or stack gas, resulting fromthe conbustion of fuel. 2.
Description of the Related Art The conbustion of fuels in various

i ndustrial processes often generates undesirable oxides of nitrogen (NOXx),
usually in the formof nitric oxide (NO and nitrogen di oxi de (NO2). High
conmbustion ] i s har nf ul
to the enviroHer 4 et din AND MIGTHED) FARJH ANGof NO .

in gases produced byWﬁq@MDE@N@Mﬂ@Qﬁ@e conbustl on of
fuel, particularly gases resulting fromthe operation of power plants,

t her mal cracking furnaces, incinerators, internal conbustion engines,

net al | ur&é@@ﬂ@w&)&ts and chenical plants. Methods for
selectively reducing the NO content of a flue gas are known. Generally,
such net hods involve the reaction of NO, wth a reducing agent, optionally
in the pré&sddobthefineentiahal yst. The sel ective non-catal ytic reduction
("SNCR') of NO with a reducing agent such as ammonia or urea requires a
relatively high tenperature, e.g., in the range of from about 1600F. to
about 21 n. be

Dot f or negﬁ%al{lﬁé%l{t}t%flc'ﬁg{e ﬁ’ f%lléfes %Q%h%ﬁg#%}éagﬂ 8ld %irgtg%o\ﬁ‘ T caz1 lyrr cing_ ¢
500F. to th@wﬂer@@ﬁmtmgmomdpmagsss phmmmarlyﬂu@ oB@tadlUgiE x?é%ﬁﬁmg&ﬁ)n&&ieec'“ ve
catal ytic r%ductlé)ﬁg "SCR'). One problem associated with the treatnent of
flue gas ‘98 i onal SCR net hods

2. Description of the Related Art

The combustion of fuels in various industrial processes often generates undesirable
oxides of nitrogen (NOy), usually in the form of nitric oxide (NO) and nitrogen dioxide
(NG:). High combustion temperatures tend to produce more NO,. Because NOy is
harmful to the environment, efforts have been made to reduce the emission of NQOy. in
gases produced by industrial processes involving the combustion of fuel, particularly
gases resulting from the operation of power plants, thermal cracking furnaces,
 incinerators, internal combustion engines, metallurgical plants, fertilizer plants and

chemical plants.

Methods for selectively reducing the NOy content of a flue gas are known. Generally,
such methods involve the reaction of NO, with a reducing agent, optionally in the

presence of a catalyst. The selective non-catalytic reduction ("SNCR") of NO, with a
reducing agent such as ammonia or urea requires a relatively high temperature, e.g., in

the range of from about 1600°F. to about 2100°F.

Alternatively, the reduction of NOy with ammonia can be performed catalytically at a

much lower temperature, e.g., from about S00°F, to about 950°F., in a process known
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and apparatus is that the weight and bul k of the equi pnment necessary to
achieve satisfactory renoval of NO requires that it be | ocaggduNE Qoosnd
| evel . Many industrial plants need to be retrofitted with NO renoval
("deNOx") equipnment in order neet the requirenments of nore stringent
governnent regul ati ons. However, because of the physical bulk of the deNOx
system the flue gas nust be diverted to ground level for treatnent and
then sent back into a stack for subsequent exhaust to the atnosphere. To
avoid the large cost of such a systemit would be highly advantageous to
provide a relatively |ightweight deNOx unit which can be incorporated
directly Fht ec{wgcg@]&@g_re “S(WR/%I&QP& THE | NVENTION I n accordance with the
present invention, a parallel flow gas phase reactor is provided for the
chem cal conversion of nitrogen oxide in a gas stream and conprises: a) a
shel | havPmg prateniassociated eith theiteeatnsent bAfles gasausgarscont el STR indikdds

recei vi ng n_inlet. gas ,stream havi i ni.tial concentration of nitrogen
oxi de anda%&i@fgmﬂsrlég‘fﬁ% ths yeight @ﬁ&’&ﬂg‘i’fﬁ% PEHPRFRIRCEeFsH I do athipvduced

ni trogen GisfRidrpRERIVaL 8F NOY) réfRlirdl iEit bR I(SJA?ed_a@‘g}Jlﬁa‘?&eﬂxmﬁ Giglt rat i on
of the inlet gas streamis di scharged; b) an infector for T1ntroducing a
reduci ng Blgatsimepdtocdbe tgtrofittedowity MO, gemevah("daMNQ.") equipmeitin atdet yneof the
substanti tal.yst beds within.the reactor shell, ch catal yst
bed cont a@ﬁﬁ%ﬁgﬁg ﬁglél(séf‘e %ﬁége&t B GTERC trlationsy g‘?’&eﬁ?ﬁ g%?%ﬁetﬁ? or the

sel ect i vephysivabibylk iof tHeltND,isosic@f theiflue Qae ubedfivériedith erdudligtved @t Streamto
provide a treated gas of _reduced nitrogen oxide concentration, the

catal yst BeaiRennddhely seahback migpstackfprsubyequent cxhmest tavheatmesplieien To
spaced- apafdid il Akl | : Qqthe interior surface of

t he reactor sﬁtgel ?Jg\l?f?ﬁ%gg“séhfoﬁ%%%g‘stg‘;é’g‘g%%g?‘&&d %%Ig?%g%{ol?rﬂg 4ssageways
each i ncteliivaly leghyasight deddin ubéf Wikch osn poisicoripores dikerl¢iimo iy stalikr ecti ng t he
flow of inlet gas streamthrough at | east one catal yst bed and treated gas
to the gas streamoutlet, each catalyst bed being a nonolith or catalyst

suppor t edSOMMARSSOF I THREDSVENGIORe having a 2 0 30 JUNE 2005

In accordance with the present invention, a parallel flow gas phase reactor is provided
for the chemical conversion of nitrogen oxide in a gas stream and comprises:

a) a shell having interior and exterior surfaces, a gas stream inlet for receiving
an inlet gas stream having an initial concentration of nitrogen oxide and a gas stream
outlet through which treated gas of reduced nitrogen oxide concentration relative to the
nitrogen oxide concentration of the inlet gas stream is discharged;

b) an injector for introducing a reducing agent into the inlet gas stream; and,

c) a plurality of substantially planar catalyst beds within the reactor shell, each -
catalyst bed containing at least one nitrogen oxide conversion catalyst for the selective
catalytic reduction of nitrogen oxide in the inlet gas stream to provide a treated gas of
reduced nitrogen oxide concentration, the catalyst beds being oriented substantially
parallel with, and in spaced-apart relationship to, each other and to the interior surface
of the reactor shell with gas flow passageways therebetween, the passageways each
including a gas stream deflector positioned therein for directing the flow of inlet gas
stream through at least one catalyst bed and treated gas to the gas stream outlet, each

catalyst bed being a monolith or catalyst supported on a mesh-like structure having a
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porosity greater than about 85% The parallel flow reactor of this
invention provides a relatively lightweight unit for the sel ggUWNE 2005
catalytic reduction of NO, in a gas, in particular flue gas produced by the
conbustion of a fossil fuel in a furnace, and is readily incorporated into
furnaces equipped with stacks of conventional design, thus lending itself
well to retrofit installation in existing units. BRI EF DESCRI PTI ON OF THE
DRAW NGS Vari ous enbodi nents of the parallel flow reactor of this invention
and preferred catalyst arrangenments enployed therein are described bel ow
with reference to th drawings wherein: FIG IAis a diagrammtic view of
a furnaceP%y e%eﬁ?rg‘aﬂﬁéwggﬁae incorporating the parallel flow reactor
of the present invention in its stack section; FIG 1B is a side view of
FIG IA FIG 2 is a diagrammatic view of a parallel flowreactor; FIG 3
is a di agfhepaelld floavergacbr afithisl ineentiah ipvevidesiaodiatieely lightwdightpatiabd @k f | ow
reactor; FEIG. 4A s .a detaile iew of the suflstantially parallel catalyst
bed arr an%é?‘%lx?c Lﬁﬁ?lﬁée(ﬁlfg%?ﬁ}%éfn ERE, Ipparkg tﬁﬁ’g@ peodysedby e vi ew of

t he subst edthiatiby oParcakil alel G4 Alriade YRR YratQd i ctor of FIG
3: 30 30 JUNE 2005 FIG BA i1l i, SR6Ls READ ARl ik D) ed made up
of bri ck-¢qupednvithsstagks of comentionsl desigp dlotsilonling dselwelhtcaeirofit | | ke unit
maki ng up; | LI talyst bed of FIG 5A, FIGS. 5C and 5D

illust ratlggrgﬁ?ﬂegr?ﬁgte%%’ghé%%gsdi ments of nonolith catalyst; FIG 6 is an

i sonetric diagranmatic view of a packing structure useful for explaining

certain ogail I R IRL TPl SEEuBRER™ e o

Various embodiments of the parallel flow reactor of this invention and preferred
catalyst arrangements employed therein are described below with reference to the

drawings wherein:

FIG. 1A is a diagrammatic view of a furnace system of a known type incorporating the

parallel flow reactor of the present invention in its stack section;

FIG. 1B is a side view of FIG. 1A;

FIG. 2 is a diagrammatic view of a parallel flow reactor;

FIG. 3 is a diagrammatic view of an alternative embodiment of the parallel flow

reactor,

FIG. 4A is a detailed view of the substantially parallel catalyst bed arrangement of the
reactor of FIG. 2;

FIG. 4B is a detailed view of the substantially parallel catalyst bed arrangement of the
reactor of FIG. 3;




FIG 6A is a diagramuseful for explaining paraneters of a corrugated
packing material; FIG 7 is a diagrammtic view of a conbi nagpIune 2005

m croengi neered catal yst and nonolith catalyst; and FIG 8 is an end view
of a portion of a packing elenent. DETAILED DESCRI PTI ON OF PREFERRED
EMBODI MENTS As used herein the terns "stack"” and "flue" are used
synonynously. Al quantities should be understood as being nodified by the
term "about"” or "approximtely". Conposition percentages are by wei ght

unl ess specified otherw se. The term"nitrogen oxide" as used herein refers

to any oxj of .nitrogen, such as NO N2, N20O4, N20O and any of their
mxtures,#]gﬁéﬁ’guéﬁﬁt%?%wpm @ty hed wade wort brick-geunitsact or and net hod
for the selective catalytic reduction of NO, of this invention preferably
enpl oy ammoni a as the reducing agent. NO, reacts with ammonia in the
presence BifG. §@tiakystspeaiverviciuota hiitk-tikenniandkingtvgrthamoabloiie datalydibed

fol |l ow ng ﬁﬁ&aékpn (not stoichionetrically balanced): 4 0 30 JUNE 2005
NO, + NHEL-EYUN2A+ H20 The paral l el flow gas phase reactor and deNOx net hod
descri bed herein can be used in any application requiring the treatnent of
a NOx containing gas to reduce its NOx content. Typical conbustion

equi prentFIsiSedGdnd §lhillykirate gligroatdic authodimentsidbmpooleh catplyant s, f 1 ui d

catal ytic cracking (FCC) regenerators, glass furnaces, thermal crackers,
and the like. The deNOx nethod herein will be particularly described in
conj unct iFIG. 6\ &disamehRrdivdramireil ivitgy &N packBly BORHCHRE] %leé)épmniﬁg- g,

et hyl ene, propylene, butylene, etc.) froma saturated hydrocCarbo

f eedst oc KCHARPPIEUBE RHAGIPlS 06 theduesenbismention; and the |ike. However, the
reactor and nethod can be used with any conbusti on equi pnent or process
whi ch generates a gas containing undesirable [evels of NOR Referring now
to FI GS. HI&. 6Ads a dBgrapansdfilefor Expininigpapnasers d€ NXrri@ded gickib@ material;
illustrated in conjunction with a thermal cracking system enploying twin
furnaces 11

FIG. 7 is a diagrammatic view of a combination of microengineered catalyst and

monolith catalyst; and
FIG. 8 is an end view of a portion of a packing element.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

As used herein the terms "stack" and "flue" are used synonymously. All quantities
should be understood as being modified by the term "about" or "approximately”.

Composition percentages are by weight unless specified otherwise.

The term "nitrogen oxide" as used herein refers to any oxide of nitrogen, such as NO,

NO2, NzO4, N;O and any of their mixtures, and is alternatively designated "NO, ".

The reactor and method for the selective catalytic reduction of NO, of this invention
preferably employ ammonia as the reducing agent. NO, reacts with ammonia in the
presence of catalyst to produce nitrogen and water as shown in the following equation

(not stoichiometrically balanced):




and 12 having a radi ant conbusti on chanber operating at about 2200F. for
the cracking of the feedstock. Each furnace produces a flue gaSJUNE 2005
exits therefrom through respective stacks. Typically, the flow rate of
flue gas in each stack ranges from about 100, 000-300, 000 | bs/hr. The flue
gas typically contains the followi ng conponents: N trogen 60-80 vol %
Oxygen 1-4 vol % Water vapor 10-25 vol % Carbon di oxide 2-20 vol %

Ni t rogen oxi de 50-300 ppm The flue gases exiting the radiant chanber are
typically at a tenperature of about 1800 F. Each stack optionally includes
a convection section 13 which includes heat exchange equi pment through
which the flue gas is passed for heat recovery. The flue 5 0 30 JUNE 2005

gas typic it h nvection section at a tenperature of from about
300F. SOIgIt—j.x, Iﬁﬁ ﬁglt}]téhqtﬁ;(g heat recovery process can be adjusted to provide

flue gas tenperatures outside this range. The flue gases of the separate
st acks ar_F then joined and noved by fan 14 into deNOx system 10. Fan 14
i ncr eases! dHearpliel dloyt gas phaseryeagter and dgNlOxmagtheshdesatbadhergiasan he usaghint he

deNOx sys DeatRal 80k P di. rent. rallel flow
gas phase lsegét or ‘%68(51'{1{%@ ﬂ%@gagﬂ??nggg? Blr%)"s ngﬁ(?lﬁg%%%@irﬁ@ﬁﬁfsiwp@éri or
surface 2dkateandTepitarcoobustion amépnzéht brodutig highlévels ef Nde sncduddfowsk r eam
inlet 21 I@ th,\rfﬁﬁgh i.ch iP}élet gﬁg containing an initial concentration of
NO,, is rgurJiNd cafalyhie ceacking (F6in regeneraters, glasy ivnases. dhermebereelebryyas
cont ai ni nghdahé RRGICERE FNGEREMBY hORiPkilNG pdrficifh ; sageway
21 e communicating with gas stream outl e?drgcl %‘ﬁg@‘%\%ﬁﬁ nlél pg]ruﬁ%tlg?passage
of treat editiyashe ra¢kdng unit for producing olefins (e.g., ethylene, propylene, butylene,

etc.) from a saturaied hydrocarbon feedstock such as ethane, propane, naphtha, and the

like. However, the reactor and method can be used with any combustion equipment or

process which generates a gas containing undesirable levels of NO,.

Referring now to FIGS. 1A and 1B, parallel flow gas phase deNOx reactor 10 is
illustrated in conjunction with a thermal cracking system employing twin furnaces 11
and 12 having a radiant combustion chamber operating at about 2200°F. for the
cracking of the feedstock. Each furnace produces a flue gas which exits therefrom
through respective stacks. Typically, the flow rate of flue gas in each stack ranges from
about 100,000-300,000 Ibs/hr. The flue gas typically contains the following

components:
Nitrogen 60-80 vol %
Oxygen 1-4 vol %
Water vapor 10-25 vol %

Carbon dioxide 2-20 vol %
Nitrogen oxide 50-300 ppm.

The flue gases exiting the radiant chamber are typically at a temperature of about 1800
°F. Each stack optionally includes a convection section 13 which includes heat

exchange equipment through which the flue gas is passed for heat recovery. The flue
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I njector 22 can be any type of injector known in the art for introducing a
reducing agent. Typically, such injectors include a grid-IikgoRUNE 2005
positioned in the inlet gas streamupstream of the catal yst bed. The
grid-like portion includes a collection of sparger tubes with injection
nozzles arranged in an evenly distributed manner. GCenerally, the reducing
agent is injected in a direction opposite that of the flow of inlet gas.
The reducing agent is preferably anmonia but nay alternatively be, or
additionally include, urea, an al kyl am ne or other suitable reducing
agent. Inject o.rﬁ}_lixz9 .can be positioned within the inlet 21 ¢ or upstream of
the inl et f¥picleexitsdne penvesiion seedomet 4 temperafuie of froml apout WHAE. 23, each bed
cont ai ni n I t . ive redugtion of nitrogen
ot do. TV o PRBSIEUE he Y prboy LI SEHEE (B d e 88 Tealio on
reaction teirperatyres oatsidy thisrapgef§ Therflab gates 380k sep@ateBRVks ard B joink®T €

pr ef er abl rom about _4Q0F. 450F. nerally, the |lower the tenperature,
t he great%}({r&%‘iﬁiﬁ}?y%’?lga’t’f‘tgl‘%ﬁr’gﬁ)ﬁs@’s@ - gy lddngeserthe piesswis 9étha fiyened | evel
of NO cogugqb,sjn@mnglt&gﬁmugﬁg{eedmys% g@s tenperature is undesirably
low, a burner or othef source of heat ‘can be used to increase the flue gas
tenperature. 6 C) 30 JUNE 2005 Alternatively, convection section 13 of the

furnace can fiqured.tq.provid flue s having a tenperature
sui t abl esg‘géeﬁg} e&?&eﬁggt% iePngHE%ﬁiR?ﬁﬁﬁﬂRmasg&ﬂﬁéﬁwr Of or the

sel ect i veinckdescd ieattopéhelli SINRERTE @XnREsr Eﬂfdc@@l@éﬁf@;&&?or%rf{a@edﬂ%i. ng agent
are known_in the art. Representative exanples of such catalysts include,
but are TRSH 3Liinelndes a gps syramdaleblothreagh whichdinletrigaenntaining an intialt ungst en
and noly : ' 0 al s used. | es of.the ] gtter include
ZSM 5 mg'?) ?‘ iee a&ogﬁ?ﬁgﬁgfge%g&e%ra%s ? ﬁe%%gﬁ%‘?tagﬁg}@} W&(’h@?",‘e e, or

pl at i num watsiming aceduchd concenmitionadfiNMSis discharksd, aad Bpastagarsted, however,

t hat the scoge .of . the present invention is not limted to "a specific SCR
cat al yst SPRHIAE VIR gAssLErm otletad dgMevidingdorthepagageofirates gasy of

cat al yst theds 23a, 23b, 23c, 23d, 23e and 23f are

Injector 22 can be any type of injector known in the art for introducing a reducing
agent. Typically, such injectors include a grid-like portion positioned in the inlet gas
stream upstream of the catalyst bed. The grid-like portion includes a collection of
sparger tubes with injection nozzles arranged in an evenly distributed manner.
Generally, the reducing agent is injected in a direction opposite that of the flow of inlet
gas. The reducing agent is preferably ammonia but may alternatively be, or
additionally include, urea, an alkyl amine or other suitable reducing agént. Injector 22

can be positioned within the inlet 21c or upstream of the inlet 21c.

The reactor includes at least two catalyst beds 23, each bed containing at least one
catalyst for the selective reduction of nitrogen oxide. The preferred temperature for the
selective catalytic reduction reaction will typically range from about 380°F. to about
550°F., more preferably from about 400°F. to 450°F. Generally, the lower the
temperature, the greater amount of catalyst is required to achieve a predetermined level
of NOy conversion. In cases where the flue gas temperature is undesirably low, a
burner or other source of heat can be used to increase the flue gas temperature.
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spaced apart from each other and arranged in substantially parall el
vertically oriented planes. The spaces between the catal yst B@JdsINE eoose
passageways for gas streamflow therebetween. Gas stream defl ectors
fabricated fromgas inpervious material such as sheet netal are positioned
in an inclined orientation between the catal yst beds to direct the
parallel flow of inlet gas containing reducing agent laterally through the
catal yst beds. For exanple. deflector 24a extends fromthe upper edge of
catal yst bed 23a to the | ower edge of adjacent catal yst bed 23b. Defl ector

24b extengipfrqmthe upper edge  of catal yst bed 23b to the | ower edge of
adj acent mafreely g veetion seatiom 30fthe Tugagoe systernsan ba gonfimuediodrovide ar e

positione WeRi i ] i ] i ientation and
ext end fr%rfrllgi‘?%e upb%greéfeéﬁgjtgi'ao egﬁltéﬂ%%%&tsgg&ﬁlg %a%%}élg%déﬁgg) f%\ﬁgé" adj acent
bed. Deflector 24f extends fromthe upper edge of catal yst bed 23f to the

i nner surfac a,of the shell. |] 249 extends fromthe | ower edge of
cat al yst {;@&E’f@i%rs%s“?lﬁ?ﬂ‘feefFﬁ?'iPt‘HB\t‘/’\?WS‘? PV)éP%mttfi%pTeﬁ%P o (HAUEWE 21 a of

t he shel | t &% Knewhlif 't i ive 88%ar3dd i.ng .t

cat al yst ?)%%_s.. Ref er r{i Egr%ltov}/ﬁ? 5&5&%11%&‘/%'&\, \E?%Sc(ﬁ%gﬁ%\é/\%qﬂgg%grﬁ ;ﬁlﬁj ghglgfapefe he

cat al yst Betdingigash to goridesi o ivanddium e emionng ditanam fuogserodnd mblybdgam.st r eam G

(containi reduci agent).enter r tive, S bet. n.the catal yst
(cont 2.1 2GSl 18 129R00) nlLats LERPERL e RPRIES BSHREERyNe Sat2
stream ri g@tdnf erugith édjper, BRAG kil e, ﬁﬂ@%@?laﬁﬁdmﬂ:raﬁoﬂh HehdiBEoiYinkiGls! ned
defl ectors _24a, 24b, c, and 24d laterally and parallel through the

respect i VK itigbs yndersinedshayrryer, teat theascapg ekthe pesat inyration pomtiingtedrteat ed gas

energes f i J .. catal yst bed and noves upwardly
t hr ough ti%pg%d;é%e&gg%? eﬁ?&a@sg%%ﬁc}@?sfne&gi de of the catalyst bed which

constitutes a portion of passageway 21 e leading to the gas stream outlet
catal yst DEdTHITIG: Saneleiie et sy RN r s A 1. Eeandgtary oo e
ol des. s eaoai Trork G Qb i sty pHIREARicd ERFER4 1) Ldes

planes. The spaces between the catalyst beds provide passageways for gas stream flow

therebetween. Gas stream deflectors fabricated from gas impervious material such as

sheet metal are positioned in an inclined orientation between the catalyst beds to direct

the parallel flow of inlet gas containing reducing agent laterally through the catalyst

beds. For example. deflector 24a extends from the upper edge of catalyst bed 23a to

the lower edge of adjacent catalyst bed 23b. Deflector 24b extends from the upper edge

of catalyst bed 23b to the lower edge of adjacent catalyst bed 23¢c. Similarly, deflectors

24c, 24d and 24e are positioned between respective catalyst beds in an inclined

orientation and extend from the upper edge of one bed to the lower edge of the adjacent

bed. Deflector 24f extends from the upper edge of catalyst bed 23f to the inner surface

21a of the shell. Wall 24g extends from the lower edge of catalyst bed 23a

substantially horizontally to the inner surface 21a of the shell so as to prevent the inlet

gas stream from bypassing the catalyst beds.

Referring now to FIG. 4A, which shows a portion of the catalyst bed configuration of
reactor 20, portions of inlet gas stream G (containing reducing agent) enter respective

spaces between the catalyst beds 23a, 23b, 23c, and 23d. The portions of the gas
7 o



i nner and outer surfaces 3la and 31 b, respectively, an inlet 31 ¢, outlet
31 d, and a passageway 3le communicating with outlet 31d proggJdUNE Ropst he
passage of treated gas thereto. Injector 32 can be positioned within inlet
31c or upstreamof inlet 31c. The description given above with respect to
injector 22 applies also to injector 32. As shown in FIG 3, a plurality
of catalyst beds 33a, 33b, 33c, 33d, 33e and 33f are spaced apart from
each other and arranged in substantially parallel vertically oriented

pl anes. The spaces between the catal yst beds provi de passageways for gas

stream fl ow therebetween. Space 3le' between catalyst bed 33a and the
i nner surf @%ﬁﬁ’fu ks regpestive spacereand as¢ divadedbieinglingtideligoter4syi des f or

Lhe passag, ol Ay by Bkl uno 3 ne3RRESH PRURAL PRRNGRL3L Vot beds

33a and 33b receives part I nlét reduci ng
agent . Spttvasil@s slmtm)aelmraqioaltly@tredﬁﬁdgas&ﬁiébr@&&d‘r&ﬁ ¢hel @Fﬂﬁfetsi%g of tR@ssag e\gay
31c and provides.for the passgge of freated gas to outlet 31d. Space 35
bet ween c%ﬂ?aﬁﬁﬁf’d B’é%glog%‘gwgg'éhroﬂlg{!gfe\ﬁ@é"%%&thﬁap@osﬁﬁ sidsefihel et gas
stream  ComiPdtbed WHi@URLMGLAY 'n%‘fﬁ%gs eds 33d
and 33e is gé?t of passageway%?zflhloe a Sg%‘\%?%ze%q %@S%]Wgtﬁ%gé%%}ge%&of treated
gas to oueutist 2Bd (FIGSEhcall 86the fvetionse tieagaalsiream edks tiR3aglardp8ie r ecei ves
yet anot he as stream containing reduci ng agent. Space

t .of the inlet .
3e"" bet m%é%?%}ggqvg © HRP tlgﬂ'd i nner surface 3la of the shell are part

of passageway 31 e which provides for the passage of treated gas to outlet
31 d. 8 0 30 JUNE 2005 Gas stream deflectors fabricated from gas
i nper vi ouRelRringmoay todl{}eh 3 aan alteseativawsastor spefigysatiin is dhstrated twhesain t he

cat al yst et hedd el ;flow of . i.nlet t.aini.ng the

reduci ng Igggﬁrtiq)%l?%{dgﬁ §/eta?ﬁ)F g%éﬁi]t??nglocsgltgaﬁn;}gﬁenﬂléﬂ)g:g%e ‘gﬁ Y ‘?Sgdef | ect or

34a ext ender dndrourostudddey 314 ard 3 He rdspectrdhe anini&dia) oslet PRO 2883 to the top
ector 34c extends horizontally from

te gget 8{0 g %‘%g%%éf%%‘gaé%ﬁ%i@%%&_ségg%ﬁyéd@Wi@ag@rdhe passageaitreatetial yst bed
33d. Defl @ iRieid4 anjeatbPSlEar O hoARTIEY bthirl RA 1 6: dyRReifl 9Pl 281 &l ySt bed

33e to the top edge of adjacent catalyst
The description given above with respect to injector 22 applies also to injector 32.

As shown in FIG. 3, a plurality of catalyst beds 33a, 33b, 33c¢, 33d, 33e and 33f are
spaced apart from each other and arranged in substantially parallel vertically oriented
planes. The spaces between the catalyst beds provide passageways for gas stream flow
therebetween. Space 31e' between catalyst bed 33a and the inner surface 31a of the
shell is part of passageway 31e and provides for the passage of treated gas to outlet
31d. Space 35a between catalyst beds 33a and 33b receives part of the inlet gas stream
containing reducing agent. Space 31e" between catalyst beds 33b and 33c is part of
passageway 31e and provides for the passage of treated gas to outlet 31d. Space 35b
between catalyst beds 33c and 33d receives another part of the inlet gas stream
containing reducing agent. Space 31e"" between catalyst beds 33d and 33e is part of
passageway 31e and provides for the passage of treated gas to outlet 31d. Space 35¢
between catalyst beds 33e and 33f receives yet another part of the inlet gas stream
containing reducing agent. Space 3¢" between catalyst bed 33f and inner surface 31a
of the shell are part of passageway 3 1e which provides for the passage of treated gas to
outlet 31d.



Defl ectors 34a, 34c, and 34e direct the gas laterally through the
respective catal yst beds. Vall 34f extends horizontally frongglyeNEIROOS
surface 31la of the shell to the |lower edge of catal yst bed 33a to prevent
the inlet gas stream containing reducing agent from bypassing the catal yst
bed by entering passageway 3le directly through space 31le'. Wall 34b
extends horizontally fromthe | ower edge of catalyst bed 33b to the | ower
edge of catalyst bed 33c to prevent the inlet gas stream contai ning

reduci ng agent from bypassing the catal yst bed by entering passageway 31 e
directly through space 31 e". Wall 34d extends horizontally fromthe | ower
edge of catalyst bed 33d to the |ower edge of catal yst bed 33e to prevent
the inlet [l I assi.ng.t.he catal yst
bed by ent oy et EARLER0E By A0 HE e D RS et L ARG kel P37
ext ends hpositiaet detweeh tieneataipe bedaoidieet tRd parafielt ow shivlldt ghocéhiginingwer edge

of catal yst bed 33f to prevent e inlet gas stream containing reducing
agent f r of® TERHSIEAEARE 1Ets 1@&?@%@&%@@%%&% a1t §%pRlss 3g4e directly

through Se%ﬁ&ﬁis%%i%ontalﬁgﬁ‘gﬁlrﬂagﬂ)p?g e BPczE%Igst vRB 3304 4R t(?ﬂ]?#eo? aBfkddon of the

catal yst bed configurdtion of ctor portions o S Stream G
(cont ai ni ¢eefalygded 38 Rgledtyr Hotextendp haizadfily fomh theciop edgadbfistalimetdsd 33¢ and

33d. Th i .th 5 dis di d to the left
and 11 ght e TG R P Cod IR0 Do Pefeton T cieadbheaniy "t e ough
adj acent famahé ®lp dagdsf satalysindd 336to (B ‘i‘o&i %c%gto;%adja@e%t SABISESd I3¢m t he

opposite _sides of catal yst beds 33c an i nto spaces 3e" and 31le"'. The

SCR cat al Peflecters 3fe 3a, e dedlimariche paglptetallygheoughtheokineativoeatalyst
i i tal vst (. VEC" d ted
T " 0eno, BR8-S P Ry A0 o g i U g S B PP ©

on material's suc ZiT

si | i ca- al edgcrnd catRlybetodi 33g topiwvem the Bt gadsthdam éditainial abdiRingG@enRorhn t he
f orm of abm)nol ith 50 whjic can.include a guantity of stacked block-Iike
units 51. fBHENS CE?U&T@%“B@WWH&'&%@CWW ledizgctly phropglyspage B&¢'. channel s.

As shown wijRliGexReds ARIRWAID it ARISHSSERREe 31 catalyst bed 33b to the lower
edge of catalyst bed 33c¢ to prevent the inlet gas stream containing reducing agent from

bypassing the catalyst bed by entering passageway 31e directly through space 31e".
Wall 34d extends horizontally from the lower edge of catalyst bed 33d to the lower
edge of catalyst bed 33e to prevent the inlet gas stream containing reducing agent from
bypassing the catalyst bed by entering passageway 3 1e directly through space 31e™.
Wall 34g extends horizontally from inner surface 31a of the shell to the lower edge of
catalyst bed 33f to prevent the inlet gas stream containing reducing agent from

bypassing the catalyst bed by entering passageway 3 1e directly through space 3e"".

Referring now to FIG. 4B, which shows a portion of the catalyst bed configuration of
reactor 30, portions of inlet gas stream G (containing reducing agent) enter space 35b
between catalyst beds 33c and 33d. The gas stream tises through space 35b and is
diverted to the left and right (as shown) by deflector 34¢ and laterally and parallel
through adjacent parallel beds 33c and 33d. The treated gas emerges from the opposite
sides of catalyst beds 33¢ and 33d into spaces 3e" and 31e"™.

The SCR catalyst can be in the form of particulate, monolith, or microengineered
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honeyconb structure wi th hexagonal channels 53. The channels, however, can
be of any suitable shape such as square, triangular, T-shapegg JUNE 2O685

like. FIG 5D illustrates a nonolith 54 having circular channels 55. The
nonol iths can be forned by sintering or any other nethod known to those
with skill in the art. Typically, the SCR catalyst is inpregnated into the

nonol i th support so as to coat the inner surface of the channels through
which the gas streamflows for treatnment. In yet another alternative, the
catal yst bed can include a m croengi neered catalyst ("MEC') wherein the
SCR catal yst is supported on a nesh-like structure having a porosity
greater téEHydMMECEs ond Rebevmpperchpy satariglsgusie ad titediai zeobitepeartiomg U. S.

pat ent appli.Gat] er...1INa. 222,261 filed Jul. 31, 2000 entitled
Cbnversig%h%ﬁﬁ$f¥@%§€%§§§%ﬁ%ggﬁ“the Presence of a Catalyst Supported on a
Mesh-Li ke Structure, the contents of which are herein incorporated by
referenc%i erein in their entirety. The nesh-like material is conprised of

fibers or lfrgg,nog{l@rﬂgl@. éAyéfPséh%Patﬁlﬁ’Hé%anﬁééthheefon%ﬁf&mOﬂ@]ﬁﬂl Hrwigieluze,
metal fiheh fdihded g6t Atéékﬁd gﬂé%ﬁ-lﬁf(% %pﬁé SK%ﬁ)hpﬂﬁltcﬂ{agfs?%‘in%ﬁdegg”pr I sed
or u Wres: e%g., a

of a single layer, an inc e nore an one layer
knitted plinabtyseimacdllet ehapnels. We\shownin BIG tScpmbteoléith 30 opsesfeetabl y i s

conprised of a plurality.of |aye of wires or fibers to forma
t hr ee- di MY%‘F@T &H@%ﬁ&#"ﬁ&{“@[? els I51[3\-_ ihe phasnels, hayeypb s hent, the
SUPPOrt  SdnfdGHAHIE shape GREIAS saﬁgreptfriaﬁglﬂwl‘[ﬁ%irapys, Rfd ilh@mE.Smgif. 5Dl Stfafes! hat are

oriented randomy in the layers. Oné or e netals can be use
pr oduci nct mopdith 54 heving cixcular channsle 6. Thtmonekfhs titbby Srmed by sintaing

mat eri al s_i 30 JUNE 2Q05 addjtiqn.t tals. In.a ferred,
enbodi rren(%raﬂ égiee?ﬁneg}?gq??g?ﬁ&??‘ko e%‘?ﬁf@ﬂ?’eﬁ? gg‘cg.mrc? ec‘jheo&t5 cf)'ia[l'ls'éllsi ty of
| ayers ofimprdp@btediofits Mohdleh shipret &b RO SbANR infet Wfke of theehamiR! S, the

t hi ckness, of | suc¢ upport is_at |east five mcrons, and generally does not
exceed t dRropgh Wlﬂ‘hglé? gas gtypam flows for treatment.

In yet another alternative, the catalyst bed can include a microengineered catalyst
("MEC") wherein the SCR catalyst is supported on a mesh-like structure having a
porosity greater than about 85%.

The MEC catalyst is described in copending U.S. patent application Ser. No.
60/222,261 filed Jul. 31, 2000 entitled Conversion of Nitrogen Oxides in the Presence
of a Catalyst Supported on a Mesh-Like Structure, the contents of which are herein

incorporated by reference herein in their entirety.

The mesh-like material is comprised of fibers or wires, such as a wire or fiber mesh, a
metal felt or gauze, metal fiber filter or the like. The mesh-like structure can be
comprised of a single layer, or can include more than one layer of wires: e.g., a knitted
wire structure or a woven wire structure and preferably is comprised of a plurality of
layers of wires or fibers to form a three-dimensional network of materials. In a
preferred embodiment, the support structure is comprised of a plurality of layers of
fibers that are oriented randomly in the layers. One or mote metals can be used in

producing a metal mesh. Alternatively, the mesh fibers can include materials in

10
o




accordance wth a preferred enbodi nent, the thickness of the network is at
| east 50 mcrons and nore preferably at | east 100 m crons anggJeINE 2bbs
does not exceed 2 mllinmeters. In general, the thickness or dianeter of
the fibers which formthe plurality of |layers of fibers is |Iess than about
500 microns, preferably |ess than about 150 mi crons and nore preferably

| ess than about 30 mcrons. In a preferred enbodi nent, the thickness or

di ameter of the fibers is fromabout 8 to about 25 mcrons. The three

di rensi onal nesh-1like structure can be produced by known nethods such as
any of those_.described in U S. Pat. Nos. 5,304, 330, 5,080,962; 5,102,745 or
5, 096, 6632dditign egnetalst s of which are i ncor por at ed by reference in the|r
entirety. It is to be understood, however, that such nesh-like structure
can be forned by procedures other than those described in the

af or ement ineneefepat eﬂtbedm‘féme witefedn {hie logesBlike Gtriiétaret ib 8émpascararlagi@dlityn t he
present in entlaﬁféf}l{m ut su ported catal yst on the nmesh) has a porosity
or Voi d eerf-h\glﬁnﬁ}g%lna 1k of é’faéﬁrf@lﬂ, ﬂleltblcljlrl@at) r than
87% and QLR shbREEE APst %@{; L

used herein |Ss det er ngensedﬁ’e%lgl%&?c?nﬁ fie ﬂ?eEElét%)?Je tens rl@m t%rselﬁv\hr chis
open by tzhveoxtdatumwﬂbhtprdeméd¢rhlmchrt1emtottmrthckmr|seoftrhgsleﬁmikﬁmﬂeaﬁﬁsmrI al) and
mul ti plyi ne enb the catalyst is supported on the
mesh- 1 i kem%é?rér Im%etp d’PlC%PnﬁéP&gE‘tﬂr@iYed%eép‘Bg‘?’tceeq% anot her
enbodi menhillithBerLat al yst for convertlng nitrogen oxide(s) is supported on
a particul ate supp'ort that is supported on the nesh-1ike 110 30 JUNE 2005
material. The term' parti cul ate" as used herei n includes, and encorrpasses,

Spher |2l AR Vi RheRIBLEh R L % SRy B oS s

suppor t editstees lmtthz&mtﬁﬁdﬂﬂﬂﬁlcmrﬁ[ pﬁﬁermﬂ 1ds§ thah WBb@AIS0Y¥NidRNY taﬁditrete than 50
m crons V\/ltggathl?e avg};&ge particle size in the majority of cases not

exceedi ngT Rboud SR apigrons.; Jea ﬁf@@f@éénfb&ﬂtm@ltéhs thiekng$s eruch

diameter of the fibers is from about 8 to about 25 microns.

The three dimensional mesh-like structure can be produced by known methods such as
any of those described in U.S. Pat. Nos. 5,304,330, 5,080,962; 5,102,745 or 5,096,663
the contents of which are incorporated by reference in their entirety. It is to be

understood, however, that such mesh-like structure can be formed by procedures other

than those described in the aforementioned patents.

The mesh-like structure that is employed in the present invention (without supported
catalyst on the mesh) has a porosity or void volume which is greater than 85%, and
preferably is greater than 87% and more preferably is greater than 90%. The term
"void volume" as used herein is determined by dividing the volume of the structure
which is open by the total volume of the structure (openings and mesh material) and

multiplying by 100.

In one embodiment, the catalyst is supported on the mesh-like material without the use
of a particulate support. In another embodiment, the catalyst for converting nitrogen

oxide(s) is supported on a particulate support that is supported on the mesh-like
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particulates is at least 0.002 mcron and nore generally at least 0.5

m crons. When the catalyst supported on the particul ate supp®0tUUNE 2085ed
on the nmesh, the average particle size of the catalyst support generally
does not exceed 10 m crons and, when entrapped in the nmesh, generally does
not exceed 150 mcrons. In an enbodi mrent of the invention, the nesh-Ilike
structure that functions as a support for the catalyst is in the formof a
shaped structured packing. This packing can be configured as descri bed
bel ow i n enbodi ments given by exanple to provide for turbulence of the gas
phase flowi ng over the catalyst in the reactor. The mesh-like catalyst
support sinatggialr Ehetgrmpparpicdeted aslussidihierai inchides and enemendsenssspharicat der t o

provi de & escr n_nore d tail rei nafter.
A ter nat i (RslebRARA ot REGS, 37, RERGERE Tt el die orfe

gener at or partioulptean witich ostalyst sy BOSPpofitd Qoesddt SARVM2TEMEIrHR 4rllis The
presence of r bul ence generators enﬁances mxing in the radial (and

| ongi t udi H’é’i“)aﬂéiinf’é’é%ﬁt‘?fﬁ Fhel @F"é’@nﬁWﬂlﬁé‘é’e@%é%cmﬂ@a@éﬂm@]om}t%r coat ed
on or enEés@PHﬁ%xb&éﬁl{%mﬁoﬁy 1R Ql\{érgll a%%@% RLER I Off %]Ié%k}f erenti al
an g The

across the nes us creatl a driving BHEE Pt
struct ur enarpauikiengs at deast0.802 imcrmm atdmoteoganenily aalcastdld miGuad) Waedtheol | of
bes. of a reactor such that

heet s t dinto the t
? Rg gLan n&t %@’F E?%P eﬁ?ﬁﬂjhép ?&3@ SEIE%C?rF Mgﬁﬁegapﬁ%ﬁ mggh, 8&%&@%?@%@ t ube.
The ol | sic@Bf Mo ¥RlyELsupPER LendrilBf A% fiof &@ked f@ﬁ‘ﬁ&gﬁ’stﬁﬁ %Fﬂ\@l){tfagg

conbi nation thereof "and” "thé sheéts can contain fins or pr onot e

m xi ng. Tiethe mesh.2eoenallndecs Hys cxteapd A0 niierbps.corrugat ed strips 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 bren doiesdimEnt dftthd BvéidREHERERAIe @A thitBndRSS aé h bg;paﬁppor t
that supports th catalﬁst may be 12 0 30 JUNE 2005 enp oyed in a form

ot her t halPr & catalyst o %@W&Sha%‘rﬂ@%mﬂ rackinge Thisgtacking easbpport nay be
formed asc&frﬁ@ﬁ?@d ég%gdrﬁnlegﬁelow 19%%%&11%11?5 gl%}gbf ggp&lrr?ﬁfg 90 provf%e for [gactor as a

turbulence of the gas phase flowing over the catalyst in the reactor. The mesh-like
catalyst support structure can be provided with suitable corrugations in order to provide
for increased turbulence as described in more detail hereinafler. Alternatively, the
mesh-like structure can include tabs or vortex generators to provide for turbulence, also
as shown hereinafter. The presence of turbulence generators enhances mixing in the
radial (and longitudinal) direction and also improves access to catalyst either coated on
or entrapped in the mesh by providing local pressure differential across the mesh, and
thus creating a driving force for flow. The structured packing can also be in the form of
a module such as a roll of one or more sheets that is placed into the tubes of a reactor
such that the channels in the module follow the longitudinal direction of the tube. The
roll can comprise sheets that are flat, corrugated or wavy or a combination thereof and
the sheets can contain fins or holes to promote mixing. The sheets can also be shaped
into corrugated strips 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

combinations thereof,

It is to be understood that the mesh-like support that supports the catalyst may be
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packed bed. The catal yst which is supported on the nesh-like structure can
be present on the nesh- |ike support as a coating on the w reggguUNE keps
that formthe nmesh-like structure and/or can be present and retained in
the interstices of the nmesh-like structure. The catal yst can be coated on
the nesh-like structure by a variety of techniques, e.g., dipping or
sprayi ng. The catal yst particles can be applied to the nesh-1ike structure
by contacting the nmesh-like structure with a liquid coating conposition
(preferably in the formof a coating bath) that includes the particles

di spersed in a |iquid under conditions such that the coatin? conposition
enters orMPlerd inp formathesdaan asiassrugiuredshaste Fanexampie.the megolibes coating on

catalyst 1EPEH SR @R Rk ARENEL HoeBhe LRCHIF R Enalit L 1 ve o

convert packedbeh oxide(s). In general, the catalyst is present in an
anount of at least 5% and preferably at least 10% wth the anmount of
catal yst generally not exceeding 60% and nore generally not exceedi ng 40%

al' | by weghtaig1Pasafcs sﬂﬁﬁj}ﬁ:@%ﬂ tﬁﬁﬁﬁ%%ﬁfw s&d}nﬁgganﬁ’ Rl %ﬂ&he%&rh? the
porosity or void volune of the nmesh-I1ke structure pr SroT o TRddhg
suppor t ediksstuabyis as & sogjingainahe wiras o8iiBérs thaefonmi thmepipdike Bruddireaad/at yst i s

from about 5% to about, 40%. gnd when t or Qsi. or void volume is

gr eat er tcf?gr?eé’ﬁ%emta relneg iy ép@@ﬁfeso‘?qetg‘g’ﬁ’ﬁgl?'bk%s@%‘%yst i s from about
5% to about 80% Various enbodi nents of structural packings wll now be
described. In FIG 6, packing 2 is diagrammatically representative of a

pl ur al i t ylksteaglysicrpbe eented epathe sneshdike strofturedyrpvasictestectat gresz.g ( r ef e& r gd
h i Ng; Lr | i ich.th i 4 t
it agonal oL CEpPIRHRE, hd BN R B bAR, (Aot Bl sRRisE B o or

flow f. FoBlacting tie mehrlicenieiie/vit o UgRidsRatlihOBorfbosrichbideably QR b

Adj acent 13 30 JUNE 200 cqorrugat ed sheets 8 alternate 90 from each ot her.
th (? »

In FI G 79018 Ot 8 GOUHIE nees ihepasticlepdisparsed jp rdigaidmdes congitiinged wi t h

MEC such that the coating composition enters or wicks into the mesh-like structure and
forms a porous coating on both the interior and exterior portions of the mesh-like

structure.

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 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 volume is greater than 90%, the

weight percent of supported catalyst is from about 5% to about 80%.

Various embodiments of structural packings will now be described. In FIG. 6, packing
2 is diagrammatically representative of a plurality of parallel corrugated sheets of
porous mesh material (referred to herein as MEC material) in which the corrugations 4
are represented by diagonal lines which are at an angle .alpha. to the vertical direction
of flow f. FIG. 6A, a representative cross section of a corrugation 6. Adjacent
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mesh material 9A of the present invention for providing a conbined catal yst
bed structure for the SCR conversion of NO . The conbi ned stggQUNE 2005
provi des inproved conversion. The increase in conversion is believed to be
caused by the inproved mxing of the structure creating an inproved
efficiency of the downstream honeyconb nonolith. Referring to FIG 8, the
MEC nmesh material can be fabricated fromelenents 826 of sheet materia
and can optionally include vortex generators for increasing turbul ence of
the gas flow therethrough. In FIG 8, optional vortex generators 846 and
848 are triangular and bent fromthe plane of the el enent 826 sheet

mat eri al . COTREE &b 8aliernglec?03 frpnse@haithesr nate in the direction in which
they project fromthe plane of the sheet material as best seen in FIG 8.
The corrugations have a width w. By providing additional turbulence, the

vortex geheFIgt. Gt 8 conwentienal promotithehdnkbdoint steuwnirb oBUY BorhBiRed Rethesirof t he MEC
material due to tiQrE [Qrg sure differentjal thereacross. The side walls of
el ement 8BEShPateriaLY4 REtheqresspt inveptionar provisding 4 caynbingtheatplygitbedand cr est s
extend i Ngdyetdrk RGahe ORGSO ' s_the qperation
of the axial f[OM/g%S pﬁg%ga?ggE?ggﬁgﬁﬁp£§%ﬁﬁk?§%¥h%§%%ﬁﬁ%%fgmﬁﬂ$gntion
EXAVPLE  ¢onpyersidnl dlhefihavasgds cphasson Baetioredas bs bawwad by i i@prévdds enpl oyed

for the selecti atal ytic. reduction of. NO in a flue gas stream of two
furnaces UHH2e O{Tﬁ% S?‘B‘f “‘F?émﬂlaﬂémpﬁ%{gd Ef‘ﬁ%ﬁl’tcwgg?e MeRFR Beoombo | bs/ hr
14 0 30 JddolgfQ05 Tenperature=360F. (182 C.) NO, content=100 ppm A

sufficient anount of ammonia is added to the flue gas to achieve the
desired reduction of NON. The catal yst enployed is MEC coated with V205

[TiC2 cat ﬁéﬁéﬁ}ng ' FIG. 8, the MEC mesh material can be fabricated from elements 826 of
sheet material and can optionally include vortex generators for increasing turbulence of
the gas flow therethrough. In FIG. 8, optional vortex generators 846 and 848 are
triangular and bent from the plane of the element 826 sheet material. The generators
846 and 848 alternate in the direction in which they project from the plane of the sheet
material as best seen in FIG. 8. The corrugations have a width w. By providing
additional turbulence, the vortex generators further promote fluid flow through the
pores of the MEC material due to the pressure differential thereacross. The side walls
of element 826 are inclined at an angle B of about 90°. The roots and crests extend in a

linear direction.

The Example below illustrates the operation of the axial flow gas phase reactor and

deNO, method of this invention.

EXAMPLE

A parallel flow gas phase reactor as shown in FIG. 2 is employed for the selective
catalytic reduction of NOy in a flue gas stream of two furnaces under the following flue

gas conditions:

Flow rate=360,000 lbs/hr
14 ©




desired NO reduction of 90%to 10 ppmrequires about 54 nB8 of the MEC
catalyst. This volune is accommpdated by a parallel flow reaghQUNE 2005
containing 8 parallel beds of 0.5 nmeter thickness and spaced 0.15 neters
apart. The beds have a width and Iength of 3 neters and 6 neters,
respectively. The height of the conbined beds is about 5 neters. No
additional volune is required to conpensate for velocity maldistribution.
The effective bed I ength through which the flue gas nust pass for treatnent
is only about 0.6 neter. The resulting pressure loss is only about 0.07

i nches H20 through the catalyst bed, which is increased to 0.2 inches
because of changes in flow direction. In contrast to the parallel flow
react or 1he Exa b @2 Eleve the same 90% reduction of NON, an axi al
f1 ow react BHPE 95 i?é %? 4 x meter bed and 10%to 20% additional

cat al yst volune to accommodate the velocity maldistribution at the inlet
conditions. The pressure drop through such a reactor bed is about 5 inches
H2O,  whi RxrentaghP0 pemt i nes greater than that of the reactor of the
Exanpl e. Wil e the above description contains nmany specifics, these
specifics should not be construed as limtations on the scope of the

i nventi onA sbfﬂcmmaﬂdounﬁsfamiﬁmih ifddded ioths ok gaproaichicwe thealdbipel ment s t her eof

Those skilled.in the art will envision man other ossibilities within the
scope andedptioniofdfOx nkhe satadyit peplaysd éﬁeDfAiEﬁg‘éP Witle VeP i 1492 caigigended

her et o. l&sﬂeﬁfh()] lﬂ@'ﬁwﬁ@ﬁ 3f oMaab 1D§Rﬂol?hﬁﬁ?é§ dbdut 514 m opﬁ’ﬂe 12 lcaifaig@i’v gas phase

reactor for the chemcal conversi nitrogen oxide I'n a ga ream
whi ch coriphis sekuned} aecosimddatdiahyi znga.rhlild:létavoreaandcmmnmlgcsrpasalrel babkof a gas

streaminlet for. r ce|V| apn . inl et gas st Vi n |n|

concent ra¢ gg??t%?fﬂlﬁ %Bﬂﬂ‘ﬂg@ﬁ"gg ISIIPEFt%f gagt. sfﬁ%ﬁﬁiﬁj{;%ﬂ L?&Eﬂ’\/% ch
treated gRfmefhs ARODSAREES) 'rédb@&%l}ﬂxﬂié%e@g}ﬁ%@ﬂ{erc%iﬂb%bdrlﬁhﬂs' a‘ts@utts) the
nitrogen oxi de concentration of the inlet gas streamis di scharged; b) an

i nj ect or pefers. N adliconag velumsds edanigeditperampensaie forevelositpmajdistribetienm  and,

The effective bed length through which the flue gas must pass for treatment is only
about 0.6 meter. The resulting pressure loss is only about 0.07 inches H,O through the

catalyst bed, which is increased to 0.2 inches because of changes in flow direction.

In contrast to the parallel flow reactor of the Example, to achieve the same 90%
reduction of NOy, an axial flow reactor employs a 3 x 6 x 4 x meter bed and 10% to
20% additional catalyst volume to accommodate the velocity maldistribution at the
inlet conditions. The pressure drop through such a reactor bed is about 5 inches H;O,
which is about 25 times greater than that of the reactor of the Example.

While the above description contains many specifics, these specifics should not be
construed as limitations on the scope of the invention, but merely as exemplifications of
preferred embodiments thereof. Those skilled in the art will envision many other
possibilities within the scope and spirit of the invention as defined by the claims

appended hereto.
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c) a plurality of substantially planar catal yst beds within the reactor
shell, each <catalyst bed containing at | east one nitrogen oxgggUNERE05I on
catal yst for the selective catalytic reduction of nitrogen oxide in the
inlet gas streamto provide a treated gas of reduced nitrogen oxide
concentration, the catalyst beds being oriented substantially parallel
with, and in spaced-apart relationship to, each other and to the interior
surface of the reactor shell with gas fl ow passageways therebetween, the
passageways each including a gas stream defl ector positioned therein for
directing the flow of inlet gas streamthrough at |east one catal yst bed
and treat@ﬂmgﬁéﬂmﬁmﬂﬁﬁ gas streamoutlet. 2. The reactor of claim1l wherein
the injector is an injector grid positioned upstream of the gas stream
inlet of the reactor shell. 3. The reactor of claim1 further including a

fan for ihcA pasilsigldwgappiessaciopforitid @endés costerfaibMitibiéh &8 feact or
shell. 4. The reactor of ¢laim1l wherein each gas fl ow passageway has a

downst r eafASSHEABIChePHECFeam end and wherein the deflector positioned in

h flo Vs ext he. tream end of
one caralyst bOF TRl fHThe SEAGNT IR b aC e e b P ol vt

bed. 5. Tdreiniedged sireanf haviry m ihitishesrebmraivalvf aitfogeh onideass agaveyeias a
downst ream Eng“a‘%& 6, 0 30 JUNI_:f 2005  an upstream end, .one_ of said
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ni trogen oxide;, and., .. nduit for conveyi flue gas fromthe furnace
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each catal yst . bed conprises catal yst supported on a
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ca alsytm reduction of nitrogen oxide’in the inlet gas stream to provide a treated gas of
reduced nitrogen oxide concentration, the catalyst beds being oriented substantially
parallel with, and in spaced-apart relationship to, each other and to the interior surface
of the reactor shell with gas flow passageways therebetween, the passageways cach
including a gas stream deflector positioned therein for directing the flow of inlet gas

stream through at least one catalyst bed and treated gas to the gas stream outlet.

2. The reactor of claim 1 wherein the injector is an injector grid positioned upstream of

the gas stream inlet of the reactor shell.

3. The reactor of claim 1 further including a fan for increasing the pressure of inlet gas

stream within the reactor shell.

4. The reactor of claim 1 wherein each gas flow passageway has a downstream end and
an upstream end and wherein the deflector positioned in each gas flow passageway
extends from the edge of the downstream end of one catalyst bed to the edge of the

upstream end of an adjacent catalyst bed.

5. The reactor of claim 1 wherein each gas flow passageway has a downstream end and
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mesh-1like structure. 9. A nmethod for the selective catalytic reduction of
nitrogen oxide in a gas which conprises: a) introducing a reggQJuUNE 2085t
into a gas stream contai ning nitrogen oxide, the gas stream containing
reduci ng agent having a tenperature sufficient for the catal yzed reduction
of nitrogen oxide with the reducing agent; and, b) passing the gas stream
cont ai ni ng reduci ng agent through a plurality of substantially parall el

pl anar catal yst beds, each catal yst bed containing at | east one nitrogen
oxi de conversion catal yst effective for the selective catalytic reduction
of nitrogen oxide in the presence of reducing agent, wherein the gas
stream i saypRAtgan ands ene of spidudoamstrgans ingupsticamsnde beihg ppen, iterotheiofg passed

t hrough a_} i talyst bed. .10.. T hod of claim9 wherein each
cat al yst %aré%a?‘gﬁ%&e\én‘%lno%’l@ﬁ&e%?n hcéosﬁgpﬁglﬁe @eﬁo&i‘ﬁ?eée%ﬁr@ioﬁheééﬁﬁ cat al yst
bed conpr iteam gata@lewal istlpgdrat ¢ ddvnatredi®ehd.| | ke structure. 170 ABSTRACT

PARALLEL FLOW GAS PHASE REACTOR AND METHOD FOR REDUCI NG THE NI TROGEN OXI DE
CONTENT OF A GAS A parallel flow reactor for the selective catalytic

reducti 0”6.therlje£({t6’t\%ﬁirb(l:ﬁfﬁ: f;ﬁlrfhgr (g%ﬁgs%&s_t ream i ncludes a shell enclosing an

interior space In oca urality of substantially parallel
pl anar cat al ysd) heusaceednth prodbaes nifivg gas caitaihingtnifregentdxédes ghdct i ve
conver si on of %O\l Beflectors.i n_the spaces between the catalyst beds
direct the fl o2yl fongonyeiine ke Esdem elq b gapereerinies ol ¢ he

cat al yst {pedsactdtishgduces a reduci ng agent such as amonia into the inlet
gas stream The catal yst bed can include nonolith or m croengi neered
catal yst.

7. The reactor of claim 1 wherein each catalyst bed is a monolith.

8. The reactor of claim 1 wherein each catalyst bed comprises catalyst supported on a
mesh-like structure,

9. A method for the selective catalytic reduction of nitrogen oxide in a gas which
comprises:

a) introducing a reducing agent into a gas stream containing nitrogen oxide, the
gas siream containing reducing agent having a temperature sufficient for the catalyzed
reduction of nitrogen oxide with the reducing agent; and,

b) passing the gas stream containing reducing agent through a plurality of
substantially parallel planar catalyst beds, each catalyst bed containing at least one
nitrogen oxide conversion catalyst effective for the selective catalytic reduction of
nitrogen oxide in the presence of reducing agent, wherein the gas stream is divided into

a plurality of portions, each portion being passed through a respective catalyst bed.
10. The method of claim 9 wherein each catalyst bed is a monolith.

11. The method of claim 9 wherein each catalyst bed comprises catalyst supported on a

mesh-like structure.
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