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

cat al ytlc r (ljllsjt%tnlé)fl}ué SCR") .

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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One problem associated with the treatnent of flue gas using conventi onal
SCR net hods and apparatus is that the wei ght and bul k of the3gQuUNE®R0D5
necessary to achieve satisfactory renoval of NO requires that it be

| ocated at ground |level. 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
bul k of the deNOx system the flue gas nust be diverted to ground | evel for
treatment and then sent back into a stack for subsequent exhaust to the

at nosphere. To . avoid the |arge cost of such a systemit would be highly
advanfageﬁ%%e]-ffc&‘vﬁf:%]dyaér%flucFI%‘thsl%p-y | i ght wei ght deNOx unit which can be
incorporated directly into the stack. SUMVARY OF THE | NVENTION I n
accordance with the present invention, a parallel flow gas phase reactor is
provi ded Omepratien essomiatal witlothedreainnut of flné tasagary @xiveleional SCRasethddseam and

conpri ses; a_shel |, having interiqr d exterior surfaces, a gas stream
i_nlrrgt foral?‘g%pé’la{ﬂ s thah en‘f'%gf“gfé’g bé‘ﬁ?%%ﬁ? RAYPRgItCesHiYtapchistrcent rat i on of
ni trogen @tisBRtoRerioddst NU, 8@flire®Hiat 8lbe I5HaRMTR gi/&tiﬁgfﬂe&ieﬁfaﬁ? RS

reduced nitrogen oxide concentration relative t nitrogen oxide
concent r aplasts need torke teprpBttedyaisth NQ.aamoval (HIDEM) gpdpmént imordenjeet the f or

i ntroduci ! agent into the inlet.gas, stream and, ) a
plural i ty&g glf}%%? of g (s gayerimentroay atisiige FRMERFn bedss o4t o shel l
each cat pliysival belll of eel RIND,Rgstah, ihedRk a0 udl B BOGTERYS ipfRinB QBN FsH ON
catalyst for the selective catalytic reduction of nitrogen oxide in the

Cinlet gasteameniAnd hesy sopt brekdntorasiack fogmbsesuent ediaes ¢ Wietatrogmhesx i lde
concent r afJHihell [ | ented stantjally., parallel
with, and in spac gl-eg§|c§1)rk %ééhe%)ﬁgl&gggﬁb%lﬁ% ﬁga ﬁdggrﬁ%geoﬁ% l?r8¥lfiﬁ§ interior
surface wlativily lightsgeight d=hED, unil wihickyam bd DeopastRNHRN S ifth ecadipikween, 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 SUMMARNOOFMHPASVENTEON out | et, each catal yst bed being a
nmonol ith or catalyst Supporied on a nesh-like structure having a 2

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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0 30 JUNE 2005 porosity greater than about 85% The parallel flow reactor
of this invention provides a relatively lightweight unit for g8guNERegs ve
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 upmgﬂaﬁatmriglekfsnhgu&%al yst bed of FIG 5A;

BRIEF DESCRIPTION OF THE DRAWINGS

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;




FIGS. 5C and 5D illustrate alternative enbodi nents of nonolith catalyst;
FIG 6 is an isonetric diagrammatic view of a packing structugg Juagt goobor
explaining certain operating principles of the present invention; FIG 6A
is a diagramuseful for explaining paraneters of a corrugated packing
material; FIG 7 is a diagrammatic view of a conbination of

m croengi neered catalyst and nonolith catalyst; and FIG 8 is an end view
of a portion of a packing elenment. DETAILED DESCRI PTI ON OF PREFERRED
EMBODI MENTS As used herein the terns "stack"” and "flue" are used

synonyno : | quantities , should be understood as being nodified by the
tgrm Yab 'S&Ailll'“é Fompaeihip catalyss hedbatade wp opbiidkeliteits; are by wei ght

unl ess specified otherwise. The term "nitrogen oxide" as used herein refers
to any oxide of nitrogen, such as NO N2, N2O4, N20O and any of their

m xt ur es, FI&n@Biis agpetspecitieiviet pf dbuclghike exit I up thdhens iR ctaly Gedret hod
for the W&t%é@ catalytic reduction of NO of this invention preferably
enpl oy a the reducing agent. NO reacts with amonia in the
presence of catalyst to produce nitrogen and water as shown in the

foll ow ng _equation (not stoichionetrically balanced): 4 0 30 JUNE 2005

NO, + N . R and 3P0 pfgatp alterhbtéte dntwingerss phaseoliteastalyst;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 pmentFI 6duisi RgmBirghiih@u@hmtio MidNF 4 Pkl mONES useRl F5 Sepldihitlh d

catal ytic cracki n%_ (FCO), regenerators, glass furnaces, thermal crackers,
and the |GRAIN opsEaligs RORCiples b thereesenhinkentionhe particul arly described in
conjunction wth a thermal cracking unit for producing olefins (e.g.,

et hyl ene, propyl ene, butylene, etc.) froma saturated hydrocarbon

f eedst ocKISuG6A ias deghan esefpl fop expdainingpiatdnisterd 0la thugated packing material;

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):




| i ke. However, the reactor and nethod can be used with any conbustion

equi pnent or process which generates a gas contai ni ng undesi 3aJUNE 2965S
of NOR Referring nowto FIGS. 1A and 1 B, parallel flow gas phase deNOx
reactor 10 is illustrated in conjunction with a thermal cracking system
enploying twin furnaces 11 and 12 having a radi ant conbustion chanber
operating at about 2200F. for the cracking of the feedstock. Each furnace
produces a flue gas which exits therefrom through respective stacks.
Typically, the flowrate of flue gas in each stack ranges from about

100, 000- 300, 000 I bs/hr. The flue gas typically contains the follow ng
conponents: Nitrogen 60-80 vol % Oxygen 1-4 vol % Wter vapor 10-25 vol %
Car bon di Q¥ -2 lyy% Nitrogen oxi de 50-300 ppm The flue gases
exiting tﬁ?x%qugéﬁ?h]\é%a}rlﬁo(%r are typically at a tenperature of about 1800
F. Each stack optionally includes a convection section 13 which includes
heat exchange ui prent t hrough which the flue gas is passed for heat
recovery. W?ﬁ‘ﬂ élowy gas phaspurgcionamd dehii msthod dgsciibashdierein chr be oseddnt | on

section af, SERELAE MG f OF. .. 2Q0F, |t hou he heat
recovery p?’gaggss ca%ggg'gﬁ%%j{hgs egg%‘%ggng‘ y\:t;?‘ddg) nﬁnglgg égssme}F %%Ségﬁ% es outside
thi s rangentehheTypiva combastiorf equirenae prodatiag StgclsselabENOY éichidei paeebr and
noved by f.an 14 .into deNOx. sys 10. Fan 14 ingreases the pressure of the
flue gasplf‘%F’]fllPB@ c3glyhR graﬁgglgt(}t‘ﬁgh RECheTatoFe RiaRs BnacesntheymaRemekars.ng now t o
FIG 2, isdepeliRdbpst qant, mpabahtein Mm%}%@ fH&E hyic! udes a
reactor shell 21 having an interior surface cz‘gga}%ziﬁﬁgext e@icgﬁ]%gﬁérl&\ace 21 b.

with a thermal cracking 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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Shell 21 includes a gas streaminlet 21 c through which inlet gas
containing an initial concentration of NO, is received, a ggg JUNE2005
outl et 21d through which treated gas containing a reduced concentration of
NO, is discharged, and a passageway 21 e conmunicating with gas stream
outlet 21 d providing for the passage of treated gas thereto. 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 streamupstream of the catal yst bed. The grid-like portion

includes a col ) ectian ﬁ% sparger tubes with injection nozzles arranged in
an evenl y&3 EPFAIN EEE tharrmectionasgiemat atempprature afiEpmebaygeit0°Fs i nj ected in

a directi §pPRAR ' as. The.reducing agent is
pref erably am%ﬁ?%ﬁ%d%gﬁgaﬁ%#g&r%{)&gse?gf l%é;%(ﬁ%s}e 8&’&‘?‘??%143? #% i ncl ude,

urea, an ®hipptatams oetside tiis henge s The dbe gasee dfitiengpageRtackd 4k @nQbindd can be
posi ti onedd/vit c or upstream.of the inlet 21c. The reactor

hi i.nl
i ncl udes t rpg‘éelé‘{bﬁ%g lgg?tgf‘i?ﬁltjoﬁe‘éﬂ%mﬂ@; Tendn inaeases thearesswg ofthd Ruest one

catal yst g@rfof MByHEHES bds\MBrohEl Wil deNDLLysiind {@9en oxide. The preferred
tenperature for the seélective catalyti'c reduction reaction will typically

range from about 380F. to about 550F., nore preferably from about 400F. to

450F. Ge L th r. the enper at ur he greater amount of catal yst
is requi Plg%fg{rlé&anc%r tg’vﬂg%\gep?leodlgte&tbﬁgﬁ’éﬂﬁ’! el flgy gapphassAeastiZin. 1 n cases
wher € t heintludes HfactopSRAr At AvEg & MREBS SiARE Y14 8 exderiUiAgEe Db, Ot her

sour ce of hheilat can be used to increase the flue gas tenperature. 6 C) 30

JUNE 20055heh 4ldpplydes agap streamiielet 2 ksrihewigh wdichlisled gast ¢oatHfining ac initislst em can

be confi OV J vin erature,suitable for
ool cot v et BoR 0PI, fhobhbE B8 e A B TRBHA Vhin Tl ens e
reduct i orconfaiming pogkredrsmestritiont NPy e sbaged, an@dypaifgewadert are known

in the art. Rue]{)ret\sent. tive exanpl es of such catal ysts include, but are
commuricating with gas stream outlet 21d providing for the passage of treated gas

thereto,

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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not limted to, oxides of vanadium alumnum titanium tungsten and

nol ybdenum  Zeolites can al so be used. Exanples of the | atteggUuNEGe05
ZSM5 nmodified with protons, or with copper, cobalt, silver, zinc, or

pl ati num cations or their conbinations. It is to be understood, however,
that the scope of the present inventionis not limted to a specific SCR
catal yst or catalyst conposition. As shown in FIG 2, a plurality of

catal yst beds 23a, 23b, 23c, 23d, 23e and 23f are spaced apart from each
ot her and arranged in substantially parallel vertically oriented planes.
The spaceg between the catal yst beds provi de passageways for gas stream
f1ow thei&ﬁ% ¥ comyectionsedtiandsr ofdhe Brrace spyirmsan fe ronfigugedsioimpedei ous
mat eri al .t j j ' ientation
et veen ¢ have SR TR ln et Brg Ao Rk BARR bt AR BEARK: O

cont ai ni ng reduci ng agent laterally through the catalyst beds. For

exampl e. defl ector ,24a extends fromhe upper edge of catal yst bed 23a to
the | over “88 étscfgr g{‘ﬂjsglﬁ%th‘fe g ‘fcélP%’?] n%@aelzsgldemtﬁ%aea?ncz&ﬁr@k@@ads fromthe
upper edgguenPlre ] : , ' tal yst bed
23 ¢c. SimTarl y?@gﬁ%{%gﬁeﬁg Q%z%s%ﬁtgﬁgggﬁr?gmg%’e&grg% %Ic’g%l?%% gﬁcgg&b%?\fgéen

r espect i veotdmitidytet oxidesofivanadium nad ivinieuh, titanien; @mhgsien amdmelybéaming.r om t he

upper ed f one bed to the | ower of .t jacent _bed, Defl ector 24f
egf ends 19 ?%0 t?%"eanﬁ% gbre uéﬁ%eﬁ%@%\gﬁ %e@gfa%éwcg%wg%oqlﬁﬁ‘gm@urface 21a
of the shgiotons Wl witl2dsppe coPdls sflveRihd) Or bREBIMEAAEnXr thél 8dniBihaliGd. 232

substantiaI_I% hori zontally to the inner surface 21 a of the shell so as to
prevent tHés foreatndersipod shaveayier. thas thepspppe of the prasentdaveatips is i disniteRdb er ri ng

now to FlI pe%ﬁ‘ic M%Qﬁag@fm gfal)%%&ﬂlf&it?gn.the catal yst bed configuration of

reactor 20,” portions o gas stream G (containing reduci ng agent)
enter respective spaces between the catal yst beds 23a, 23b, 23c, and 23d.

h i f ; i h h th
! oe oot i vaY St 602 5s Buge et GABs) Do o & o L0k SIAmEA b, 24,
and 24d | gfadcPdpal: fofe e&ﬁiﬁﬁh&%d%ﬂ%ﬂé&hﬂ%ﬂl%ﬁlﬁ%ﬂ? B&ljaﬂa x}éﬁﬁo%hy Shchigds and

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



leftward (as shown) whereupon the treated gas emerges fromthe opposite
side of the catalyst bed and noves upwardly through the spacggadiNiceobst he
opposite side of the catalyst bed which constitutes a portion of
passageway 21 e leading to the gas stream outlet 21d (FIG 2). Al of the
portions of the gas stream nove through respective catalyst beds in the
sane direction. Referring nowto FIG 3, an alternative reactor
configuration is illustrated wherein reactor 30 includes a reactor shell
31 enclosing an interior space. Shell 31 includes inner and outer surfaces

3la and 31 b, respectjvely, an inlet 31 c, outlet 31 d, and a passageway
3le commufifés ‘ilﬁ’&ﬁwugh the feprectiva spagesanddirn divesed bninclinekdagleciofs 24agat e ]9 gas
t her et o. i i 14 i fhin inket c.or. upstreamo
et 31co Fhy d S FRBaE aRP A AEBh I8 cPere B ol B BB 55 appl 1 s
al so to ilefieatdas 3Rown)Ashatupon thatrédtéd gB, entergdsti¥orh iHeyoppbsieafidd yithe beds 33a,

33b, 33c, d, .33e and 33f ar aced apart from each other and arranged
in subst a?ﬁ%#t Iwgﬁﬁ‘?gﬂ"l"ﬁq UR}%QI&%ET%W}I PAtAiacstthe spporiie skigaf s bet ween

t he cat al Vdher et ween.
Space SIeW%)é%%\%gg r‘?m?:glt %@%;@%Eéiﬁ%@%ﬁﬁaﬁg@%%fgﬁﬁ}#é Jg)glé’e §§£§%§?R[ he shell
is part ofutlghebhgBWay). 34k ofifi porthwmisdd shef gas strbmm pawe dlgeugt respedved gas to

outlet 31d. ace. 3ba bet ween catal yst beds 33a and 33b receives part of
the inl etéagaé%&%ﬁselgﬁge %%%%éff‘??ﬂﬂﬁ- reduci ng agent. Space 31e" between

catal yst beds 33b and 33c is part of passageway 31c and provides for the

passage of treated gas to outlet 31d. Space_ 35b between catal yst beds 33c
and 33d rRefEiripgdosnietiHer 3o altestative acdctir sonfigusatian is dlinstreted tvdierdimg 1 educi ng
agent. S o BYAS s 33d, and 33e .S rt of passageway
3Ig e andp%f&g(\)n %elsm%t@fg %\ﬁ%&ﬁggieglg%l écﬂ‘cpc’t%?nga éﬂteﬁggsﬁaﬁe‘o%lﬁugfl 1§i]él‘flesSpa_ce 35¢
bet ween ciahed apdtoulve derf@de 3 anah B3fb, k@peitively, ¥einl@matheitlepdrd agdat he inl et
gas stream cont a%gél‘gp reduci ng agent. Space 3e"' between catal yst bed 33f

and i nnerPaSHHEFRRE pricRIngYh putlst 16 providipg fordhaprssrae of treatedhi ch
provi des dQihdr&t8. PGe&ALR: &n b RRIRA IR ICinIcPY 1 &tup@&egn oPinfet 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
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.



30 JUNE 2005 Gas stream deflectors fabricated fromgas inpervious materi al
such as sheet netal are positioned between the catal yst beds3yguNE @0b5t he
parallel flow of inlet gas containing the reducing agent laterally through
t he catal yst beds. For exanple, deflector 34a extends horizontally from
the top edge of catalyst bed 33a to the top edge of adjacent catalyst bed
33b. Defl ector 34c extends horizontally fromthe top edge of catal yst bed
33c to the top edge of adjacent catalyst bed 33d. Defl ector 34e extends
horizontally fromthe top edge of catalyst bed 33e to the top edge of

adj acent catal yst bed 33 Deflectors 34a, 34c, and 34e direct the gas

| ateral ly through the respective catal yst beds. Wall 34f extends

hor i t I I d f
cat af yat - pedslaridtiea TRetieald ot Mt el byt Bar g agent
from by ppmmngdﬁhavaeatlad aasdlyd @dddoy cbn&biethe parafjeisiag Gﬂ\ﬂlyet%ﬂa§ccﬁi1télﬁﬁﬂg|

t hrough space, 3le'. ends hori z ntally fromthe | ower edge of
cat al yst %Qde%ﬂlgt%e’@ﬂéte%&ég‘ éﬂ&@ & 3@5? sy dtor gEamplgcdaflscior ddent t he

inlet gas al yst bed
by enteri %’gé%%?s%g‘%? ﬁbﬁ%& %}g%? ? %ﬁﬁgﬁgﬂﬁag%é@%g?é@g&g% %ﬁ'ﬁ%ﬁd ext ends
hori zont a¢at§1y$trb@d138heD|eﬂMOr bhtgpatanﬂs batizinyadly fomd t1R3dp edgd bitcakadywe bed edge of
cat al yst ci ng agent

d
From  bypidarits (nadBbetifiselGety Sen Fa7: Refsidh it enipabSamalber Py
t hrough spa@ahdibpeidge of ¥hAlhsi34a 3@5%&6&@%ﬂ1&{gle%@aaﬁbérﬁfc£t5@§a bz surface 3la

of the shell to the | ower edge of catalyst bed 33f to prevent the inlet

gas st reaﬂ?@mféﬁﬂ%ﬁécﬂéﬂ%ﬁN’ge@gbﬁgasflﬂ@rﬂll)fﬁbmsh ﬂwqesmetlm@eadtlysit bed by

entering S e thr S 3 Ref. er.r now to FIG
48, whi ohPeRowgall grﬁh%ggh&fz%%a\ﬁy R ‘W‘%%Hﬁ%"ee#ladﬁ 5ol o e PR or 30,
portions mfge|oﬁbﬂhly§ﬂ&d§38aeame@exﬁtammaﬁtrgamgrdaﬁdaﬁitaﬂﬂmg@@cﬂicing@geﬁtr frsgace 35b
bet ween cat al yst  beds 330@%"1 33d. The gas streamrises through space 35b

ond s GREPRE Gaphat peah D s RyRTaZeway & hodiFsctiyhioush arace 1‘34c and
eter e vand meabibosk g atmsthacseicetel st pig aTi g, The
i nt o spacssige 3€catakydt IBUI3c 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

9
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The SCR catalyst can be in the formof particulate, nonolith, or

m croengineered 9 0 30 JUNE 2005 catalyst ("MEC' ), and cagogg"qyggg5ted
on materials such as titania, zeolite, carbon, zirconia, ceramc or
silica-alumna. Referring nowto FIGS. 5A-5D, the catalyst can be in the
formof a nonolith 50 which can include a quantity of stacked bl ock-Iike
units 51. Monolith catalyst 50 includes a plurality of parallel channels.
As shown in FIG 5c, nonolith 52 possesses a honeyconb structure with
hexagonal channels 53. The channel s, however, can be of any suitable shape
such as square, triangular, T-shapes and the like. FIG 5D illustrates a
monol i t h Sl MECE), Badiran bewwppadedomsBatetials snoined fitahie, zatitepearbar,med by

sinteringy, Q%H%} t[mg nown to those with skill in the art.

Typlcally,KB é%ﬁys lémpregnated into the nonolith support so as

to coat the inner surface of the channel s through which the gas stream
eatnment. 1 n yet another alternatlve the catal yst bed can

Hﬁd??ﬁ?ﬁ%@%&?& todd S > ALyl the patalystygarby inyhefarm of wosqﬁthcsé)ﬂahiylst is
SUpPPOT t ed.aQnGudE, fguanhhﬁo%aaaﬁeagrogm\yuﬂgs Gl El%ﬁfgtc\é E 3 e %{"ggataibggt

85% The MEC cat escri i'n copendi ng

Ser. No. pla@lig2df édlel clhzmdelﬂulAs sBdwnZtOEEG 6m1 nmhdcthmrp@esresse@a of Nitrogen
Oxides in the Presence a Cat al Eed on a Mesh-Like Structure,
the cont L SLRTE r%?@ F@?ﬁm gchapnlss havesel cebeeh in their
entirety.an g@ﬁmﬁl‘ﬁ§ Brdple K 8cH B Qi) uiaﬁgﬂeﬂmsﬂﬁﬁé& eﬂid ﬁk@iﬁ‘(é SFI@r FW ifififratggUch as a
wre or fi mesh, a netal felt of gauze, netal fiber ter or the |ike.
The mesh amw@olgbﬁéémwmg Gtraltﬂabdlanndmﬁm Thelnwhokths pmgb%fotrmydaby sinteringn i ncl ude

nore than, truc e or a woven

wire struc%ﬁ e an eth gfkélf) Stomogg%ﬁbg}(hgﬂ’&i‘%ma ’ﬁ?l |ﬂ?‘“y§(gl§ ﬁa[i’%ﬁss of

wires or lmphgnateﬂ@mb@nminan@lhh@eppbrfm't@ Qadt tﬂi@ﬁm&rdm@ée fBchEthansls | N a
through which the gas stream 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
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preferred enbodi nent, the support structure is conprised of a plurality of

| ayers of fibers that are oriented randomy in the |ayers. O3 JUNER08S
netals can be used in producing a netal nmesh. Alternatively, the nesh
fibers can include materials in 10 0 30 JUNE 2005 addition to netals. In a
preferred enbodi nent wherein the nesh-like structure is conprised of a
plurality of layers of fibers to formthe three-dinensional network of
materials, the thickness of such support is at |east five mcrons, and
general ly does not exceed ten mllinmeters. In accordance with a preferred
enbodi nent, the thickness of the network is at |least 50 mcrons and nore
preferabl*}ddétﬂoq‘@ag?talioo m crons and general ly does not exceed 2 .
mllimeters. In general, the thickness or dianmeter of the fibers which form
the plurality of layers of fibers is |ess than about 500 m crons,

pr ef er abl In d msfertchambabiouint $66reir the ORShaRd stracire iDtahsRaa of  Baslifhan about
30 mcrons,, In a ef er ed enbodl ment, the thickness or dianeter of the

fibers i sOfIRHHT & IS dbothreesdimensipag aietwiask of matsstals, thertbickress ofies h-1i ke

U E%ﬁﬁ@r@%fﬂé‘a%%%&%“%“éﬁﬁ*é%ng%ﬂé’%ﬁﬁ@@%?@xce Deduililges gg=cr' o

contents @k:ondhnmﬂ'rwah' : ,eptefmqomnbctchderhtythreemekmeef tha nefveirk 1sea1g¢efsf85(y ljt bl s to

be understood, howe sh-like_ structure can be forne y

pr ocedur ¢QIEYTTR W%ﬁﬁf@ﬂ&gﬁ%&éﬁ Cr%staﬂ%g%nearl@n@?ﬁmehe@e ¢htents. The
mesh- | i kenflikegkdire that is enployed in the present invention (vvrthout

supported catalyst on the nesh) has a porosity or void volunme which is

greater than 85% and preferably is greater than 87% and nore preferably

is great % voi.gd v, d hergjn det rm ned

by di vi dlefhft F e1 \?/lg ﬁl}%];ng ﬁeml%e{elrr.?éﬁlf et P’é’ﬁsf? ﬁ’ﬁé’ﬁur tht‘rféa vol urre

of the stfitwed isrless (pebongS0tanitremshrefoRddy Ladb thadABout 150 microns and more
preferably less than about 30 microns. In a preferred embodiment, the thickness or

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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mul tiplying by 100. In one enbodi nent, the catalyst is supported on the
mesh-1i ke material without the use of a particulate support. 30 JUNPRZDES
enbodi ment, the catalyst for converting nitrogen oxide(s) is supported on
a particulate support that is supported on the nesh-like 110 30 JUNE 2005
material. The term "particul ate"” as used herein includes, and enconpasses,
spherical particles, elongated particles, fibers, etc. In general, the
average particle size of the particulate on which catal yst nay be
supported does not exceed 200 mcrons and is typically no greater than 50
mcrons with the average particle size in the mpjority of cases not
exceedi ngMaterigl.c Femterm[ pargiewated ps vied dieepie instpdden and ieudanpsisses, sphesieath

particul a ' 100 . cr.on. and r eneral ly. at, | east 0.5

ni crons. b\%glﬁie? ’he(ie%nég get%:qta{/tsctlgss ﬁB%%ﬁt%dIno%enF%g tgeag‘feﬁgﬁlpgftél%ﬂﬁ)%ﬁf‘ei s coat ed
on the nepirtictlar cavehialyeatpBst ey Be suppdRediiodshot &alead Y60 mf#PROMd igeneral | y
does not exceed 10 m crons_and, when entrapped in the nmesh, generally does

not exceelPIBHY RP e thamS Gmiapsonithiheraverage perticleséastin she majoutynefsh- | i ke
structure f | r al y IS, ;N the formof a
shaped st ?%E?ﬁ?te%egégg ngﬁl%cfﬁ?sg qg%%&%r%lg{hggr‘{&%ge 5%161?1%%%&05“%% descri bed

bel ow i n parbicaatee it & lgpist/@A0Dmiaxaapd motoggenlydeldaar).5 midrbud. ewaen ffe t he gas
phase fl ow over e catalyst in the reactor. The mesh-like catalyst
suppor t s‘fzft%gftﬂlgp‘ﬂieﬁ Oﬁéﬁﬁ P%%‘FW@W SHPRHt églﬁoﬁf&g 08 ety i ayREer madiclfer t o
provi de  §ié of e LEARALsiiobR ULRALE dfks UBPEILBPHD frflrBR £1d0GhaA budipped naf ter
Alternatively, the "nes i Ke striucture can 1 nclude tabs or vortex

gener at or ¥ the mgsindederally do¢sunop ekepad d 50 alisons.as shown herei nafter. The
presence of turbul ence generators enhances mxing in the radial (and

I ongi tudinal) direction and also inproves access to catalyst either coated
on or enkyapasbdineithd themRelionphe\vhathlke s@6alrethATEA¥R NG b £§ﬁ1ﬁﬁh' al
across the mesh, and  thus creating a driving force for flow. The

st ruct ur etP Ayt dsin the Ssmipd & hapadestiustupsdatackingnddis rackiog sambea rol | of
one or Mg RiRAR defdfbel BeBWAG iRt SV B ExMpi8td §85H2 For

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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such that the channels in the nodule follow the |ongitudinal direction of
the tube. The roll can conprise sheets that are flat, corrugsd gdNE 2008Y
or a conbination thereof and the sheets can contain fins or holes to
pronote m xi ng. The sheets can al so be shaped into corrugated strips that
are separated fromeach 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 nations thereof. It is to be understood that the nesh-1ike support
that supports the catalyst may be 12 0 30 JUNE 2005 enployed in a form

ot her than al1sq a structured sheet. For exanple, the nesh-like support may be
fornmed asePigyed ingglormothes than; assatyctugadshestn & os pxanegledhe mesh-tikact or as a

ked b | IS, hed i K
Do presont B kg tealabq IHAE, baaBR RRLEL o'l B Fdo s oy e

t hat for npacked babkh-1i ke structure and/or can be present and retained in
the interstices of the nesh-like structure. The catal yst can be coated on
the nesh-like structure by a variety of techniques, e.g., dipping or

sprayi ng. THOGuAF WS is ea]iBﬁdrféh%ﬁ tﬁ@ﬁeaﬁliw%dgﬁ]ﬂf tagril %@ﬁrgg%% Do bidkGegLruct ure

by contacting the nmesh-l1ke structure wt ating conposition
( pr ef er ablike suppethes a teatimgah the wiras pnijbdyatha) fdrinathe nresh-lille stridnerepad/ior cl es

di spersed_in a liquid under .conditiaons ch th t he coating conposition
enters orcaﬁ%gll’§esieﬁ'ltjadl%tr @mﬁ?ﬂé‘h- ei‘R@rsg’F?ﬂfbftstﬂ? g‘egﬁgf‘e fHIEea porous coating on
both the interior and exterior portions of the nesh-like structure. The
catalyst is supported on the nesh-like structure in an anount effective to

convert Hiaqabuet caxbeleqatgd on the geasbriike strodturedutaivaristy oftegmégente.gn an
catalyst SBbine Frsisl T0 bR RRBIR LAl veunBRE R i Pt AR uRER G o 006
al | by weiocghicting teateshHilkashctrdwiih dlquRl coaliflg 8fiposition (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 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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enbodi mrent where the porosity or void volume of the nesh-like structure
prior to adding supported catalyst is greater than 87% the ggiJW/NE RBOSENt
of catalyst is from about 5%to about 40% and when the porosity or void
volune is greater than 90% the weight percent of supported catalyst is
from about 5% to about 80% Various enbodi nents of structural packings wll
now be described. In FIG 6, packing 2 is diagrammtically representative
of a plurality of parallel corrugated sheets of porous nesh materi al
(referred to herein as MEC material) in which the corrugations 4 are
represented by diagonal |ines which are at an angle al pha. to the vertical
directi Oncorg4gafqdos‘h,e¢ts SpltgnaeQ0° sronppachadherat i ve cross section of a
corrugation 6. Adjacent 13 30 JUNE 2005 corrugated sheets 8 alternate 90
fromeach other. In FIG 7, a conventional nonolith honeyconb structure 9B

i s conbi nbdFift. (7Tha MEGentiesd bttt tadnePdndt sttd@urP OBSE Bémbink€ MithEEOr

providing a Conblﬁleffg?« ?t al yst bed structure for the SCR conversion of NO. .
The combi W& Bpie &8 BF&YF%?@%IHV%W@\}C@HPTOEW eonabinedrpasalysidiedase in

conver si Ognichurd fr! tRY SBR! QnP&siof fxﬂ%bi‘hé &ﬁnqg HP%&)‘% gk Ui %lﬁ‘%ﬁg"gﬁo b

structure creating an I nprove lency o rea
nonol i t h. caRersiani ﬁ@letmcreas@m eomtetmomﬁcbeha&u it envsad bszame iagréwdar i cated from

el enents 826 of et material and can tionall ncl ude vortex
gener at or SF0% f‘i‘?&ﬁﬁ’ﬁ%&ﬂf%ﬁ&ﬂéﬂe@s@ ﬁf%ﬁél@@&@%lmﬁmbﬁmm@mb In FIG

8, optionabnMé@ht ex generators 846 and 848 are triangular and bent fromthe
pl ane of the elenent 826 sheet nmaterial. The generators 846 and 848
alternate in the direction in which they project fromthe plane of the

sheet egt |n i) e |on have dth w. By
provi di %‘%@gﬁ??ﬁg‘l §ttﬁ‘? GF? al/%kbg)f g%??g(%ﬁ_ %2% %dr onot e
fluid fl osheeﬂ’mﬂengdﬂ dnfiean ﬁpﬂitﬁﬁdl?ﬁmﬂd&& Wiex FBhd@htodd foﬂﬁﬁréa&n@%bﬁfeﬁée%{r €
differentj %ﬂereacr The_side walls of elenent 826 are inclined at an

angle (3 ghr JoFIG. 4 griéonal vertexeanttorn 846 and 848 are
tnangular 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 génerators 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 ©




| i near direction. The Exanple below illustrates the operation of the axial
fl ow gas phase reactor and deNOx nmethod of this invention. EXQVOINE 20605
paral l el flow gas phase reactor as shown in FIG 2 is enployed for the
selective catalytic reduction of NO in a flue gas streamof two furnaces
under the followng flue gas conditions: Flow rate=360,000 |bs/hr 14 0 30
JUNE 2005 Tenperature=360F. (182 C.) NO, content=100 ppm A sufficient
anount of ammonia is added to the flue gas to achieve the desired
reducti on of NON. The catal yst enployed is MEC coated with V205 /Ti Q2 :
catalyst. A desired NO reduction of 90%to 10 ppmrequires about 54 n8 of
the MEC catalyst. This volunme is acconmmopdated by a parallel flow reactor

cont ai ni aII 0.5 nmeter thickness and spaced 0.15 neters
apart. n@‘ﬂ@% gbépgf%%ﬁfgnd |l ength of 3 neters and 6 neters,
respectively. The hei ght of the conbined beds is about 5 neters. No
additional volune is required to conpensate for velocity maldistribution.
The ef f ecPueofert=18hgem t hr ough 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 oA saffivixge amionnt dfamrHbiie &t dddsd td ﬂhematgﬁﬁﬁiachﬁvéﬁ%déﬁlﬁ'éﬂ lel flow
react or of the Exfi}ﬁ to achieve the sane 90% reducti on of NON, an axi al

f1 ow r eacedictionni Ve ol satadyst employee {sMEbaeoatedvitlo Ve @/ TiOpoatalaeti 14 onal
cat al yst &é%ir%kﬂﬁd QeARHBHIPIR Q0 tlbgygiﬁﬁ:]eg&lh{]sy AbORY $4 Bf@legwlﬁg cg% ﬁ{? c i nl et

condi ti ons e pressure drop th a reactor i nches
H2O,  whi This iveluaieds tcc@mrhodates] oy wparelieltﬂmmeabtat caftaihing 8rmaaltedbedsfoft he
Exanpl e. 0.5 meter thickness and spaced 0.15 meters apart. The beds have a width and length of
3 meters and 6 meters, respectively. The height of the combined beds is about 5

meters. No additional volume is required to compensate for velocity maldistribution.

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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Wil e the above description contains many specifics, these specifics should
not be construed as |imtations on the scope of the inventi ogg JUNE 2808! Y
as exenplifications of preferred enbodi nents thereof Those skilled in the
art will envision many other possibilities within the scope and spirit of
the invention as defined by the clains appended hereto. 15 0 30 JUNE 2005
What is clainmed is: 1. A parallel flow gas phase reactor for the chem cal
conversion of nitrogen oxide in a gas streamwhich conprises: a) a shell
having interior and exterior surfaces, a gas streaminlet for receiving an
inlet gas_stream having an initial concentration of nitrogen oxide and a
gas streaMhapistalaimed iz ough whi ch treated gas of reduced nitrogen oxide
concentration relative to the nitrogen oxide concentration of the inlet
gas streamis discharged; b) an injector for introducing a reduci ng agent

into the 1.nA phraflelsfiel peaphas@fdctor for tiee ¢Hetidd] chyveddios Hbﬁhﬁ%éﬂ &lidlyinP] anar
catal yst beds withi.n the reactor shell, each catalyst bed containing at

| east pnegalﬂ?iSFfFﬂQéﬂ“@k?Qi’éPfé?@ﬁyersi on catalyst for the selective catalytic
reduction of iy ANROKLARCAT BT BLPL RS, YIRSTRELRLOY eyl o2t o

gas of reduced nitrogen®oxl de concentrati on, ecataly
ori ent ed auindt gat stedatnyhavirey @l ihtlal wirchntraiod of nitsen edidepad b gaekdddnonshi p to,

each other and to.the jnterior surface ,of the reactor shell with gas flow

passag evva?}gﬁ’f ﬂ“@?‘éﬂ?e‘?%fé Ff,eatF%lu Sasd?af:r %&%&8 g2en Skideicapgentption welalivs tatheeam

def | ect ornip@sdd H:98€6bH-BRERioR ol td t:hg; f inlet gas stream
B¢ ofl off Me iflief B4 Bl dﬁlsf:ljle%\éd?

through at |east one catalyst bed and treated gas to the gas streamoutlet.
2. The react orb)om igjegionfor infvedueing a taduding agenbinto thednlet gisesttan; gid, d

Foactor of of DB oe by AR AR stingte pHHBrobE FRgoF AT Fesdsur e of
i nl et gascatAyst ®adrcomthining ot MAst @RGh@dzeh MRIde-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.

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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4. The reactor of claiml1 wherein each gas fl ow passageway has a downstream
end and an upstream end and wherein the defl ector positioned3gJUunNERogss

fl ow passageway extends fromthe edge of the downstream end of one

catal yst bed to the edge of the wupstreamend of an adjacent catal yst bed.
5. The reactor of claim1 wherein each gas fl ow passageway has a downstream
end and 16 0 30 JUNE 2005 an upstream end, one of said downstream and
upstream ends bei ng open, the other of said downstream and upstream ends

cl osed by the deflector, wherein every other gas stream passageway is
closed at the downstream end. 6. The reactor of claim1 further conprising:
d) a fur ngizepsisrarengdr i ssidgommngacaya snd uprtigimiengds béing opem thexitbe;ofand, e) a

conduit fgr i fil as _fromt fur e to . the gas streaminlet of
the r eact%d g%ﬁ@a&%@h@%ﬁa&%% %(fseal%giﬂ?ﬁ (Te%&ﬁté)r’e‘?'}??r%‘ﬁ K AUP8Y bed is a
nonol i t h. stBanihasageaay oy clodedalk gierdotvnsheneesid.each catal yst bed conpri ses
catal yst supported on a nesh-like structure. 9. A nethod for the selective
catal ytic reduction of nitrogen oxide in a gas which conprises: a)

i ntroduci agna &Q&&Cdﬂ%iﬁ%ﬂﬁthgpé&nﬁisﬂfus stream cont ai ni ng ni trogen oxide,
the gas stream contal ning reducing adént having a tenperature sufficient
for the catal ydeadfurnaeedwdticloprodficeniatfluegan centhidimguiitrbigenhidecad;i Ng agent ;

and, b) passing the gas stream cqntaining reduci ng agent through a
plurality of %L?D%"t“gﬂ‘(t' A qoyvgép%ﬁp%gasﬁjr%g?e agf @eﬂéﬂ@e%@?ﬁt eht al yst
bed cont ajhBi&@iisheieast one nitrogen oxi de conversion catal yst effective

for the selective catalytic reduction of nitrogen oxide in the presence of
reduci ng agent, wherein the gas streamis divided into a plurality of

porti Ons’7.eﬁ1%r}e£c%rtol CPaJIl?l Ivrs]rﬂergl%sesaglgcgtglgrgﬂ%g ifa fn%%gﬁ&t lve catalyst bed.

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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10. The method of claim9 wherein each catalyst bed is a nonolith. 11. The
nmet hod of claim9 wherein each catal yst bed conprises catal yssgoJuNBR0es on
a mesh-like 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 reduction of nitrogen oxide in a gas
streamincludes a shell enclosing an interior space in which is |ocated a
plurality of substantially parallel planar catal yst beds, each containing
a catalyst for the selective conversion of NON. Deflectors in the spaces
bet ween the catal yst beds direct the flow of gas through the beds. An
inj ector upstream of the catalyst BE3IRAFoduces a reducing agent such as
anmonia into the inlet gas stream The catal yst bed can include nonolith
or mcroengi neered catal yst.

PARALLEL FLOW GAS PHASE REACTOR AND METHOD FOR REDUCING

THE NITROGEN OXIDE CONTENT OF A GAS

A parallel flow reactor for the selective catalytic reduction of nitrogen oxide in
a gas stream includes a shell enclosing an interior space in which is located a plurality
of substantially parallel planar catalyst beds, each containing a catalyst for the selective
conversion of NOy. Deflectors in the spaces between the catalyst beds direct the flow
of gas through the beds. An injector upstream of the catalyst beds introduces a
reducing agent such as ammonia into the inlet gas stream. The catalyst bed can include

monolith or microengineered catalyst.
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