26 August 2005 SYSTEM AND METHOD FOR THE SELECTI VE CATALYTIC REDUgfr Qg'?s%oos
NI TROGEN OXIDE | N A GAS STREAM BACKGROUND OF THE I NVENTION 1. Fie é

I nvention The invention herein relates to a system and net hod for
catalytically reducing the content of nitrogen oxide in a flue or stack
gas, resulting fromthe conbustion of fuel in a furnace 2. Description of
the Related Art The conbustion of fuels in various industrial processes

of ten generates undesirable oxides of nitrogen (NG ,), usually in the form
of nitric gxid NO and nltroen di oxi de Hi gh conbustion

t enper at ur ex- & AND MEBHIOR SHLCS TADYTIC RBRIGTION OF t he
environnent, efforts havgll?gg@ﬂqaggqﬁgmelg gﬁgEg ssion of NGO, in gases
produced by industrial WTMSU on of fuel,
particularly gases resulting fromthe operation of power plants, therwa
cracking furnaces, incinerators, internal conbustion engines,

nmetal lurgical plants, fertilizer plants and chem cal plants. Methods for
selectively reducing the NO,,, content of a flue gas are known. GCenerally,
such : 3 |nvolve the reaction of NO, with a reduci ng agent,

opt i onadPp R GUND O] VENHON: at al 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. l.tisldeidhe ivendd Al ternatively, the reduction of NO,, wth ammonia
can be perforned catalytically at a nuch |ower tenperature, e.g. from
about 500F. to about 9501., in a process known as selective catalytic

reduct T ifveBOR hereih rélafes toALigistin FRAGRetRBE R Eﬁbl'yﬁéﬁl@%@&féir%ttﬁgcdﬁhér@ of he

treatment of flue gas usin conventi onal SCR met hods and
nitrogen 0x1de in 4 flue or stack gas, resulting from the combustion of fuel in a furnace

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 (NO,). High
combustion temperatures tend to produce more NO,. Because NO, is harmful to the
environment, efforts have been made to reduce the emission of NO, 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 NO, content of a flue gas are known. Generally, such
methods involve the reaction of NOy 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 NO, with ammonia can be performed catalytically at a much
lower temperature, ¢.g. from about 500°F. to about 950°F., in a process known as selective

catalytic reduction ("SCR").




apparatus is that the weight and bul k of the equi pnment necessary
satisfactory renoval of NO, requires that it be |ocated at grou%@Alﬁgmt%jﬁs
Many industrial plants need to be retrofitted wth NO, renoval ("deNO ,")
equi pnment in order to neet the requirenents of nore stringent governnent
regul ati ons. However, because of the physical bulk of the deNO 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 |arge
cost of such a systemit would be highly advantageous to provide a
relatively Iightweight deNO, unit which can be incorporated directly into
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reduci ng the tenperature of treated gas. BRI EF DESCRI PTI ON OF THE DRAW NGS
Various enbodi nents of the reactor conponent of the systemof this

i nventi WWQRWE%E L?@I@’km arrangenments enpl oyable therein are
descri be el ow W rerere to the drawings wherein: 2

In accordance with the present invention, a system is provided for the selective catalytic
reduction of nitrogen oxide in a furnace gas stream and comprises:

a) a first heat recovery section positioned in a stack above the furnace for reducing the
temperature of the furnace gas stream exiting the furnace to not less than about 400°F.;

b) a reactor for the selective catalytic reduction of nitrogen oxide in the gas stream
positioned in the stack downstream of the first heat recovery section, said reactor including an
injector for introducing a reducing agent into the gas stream and containing at least one nitrogen
oxide conversion catalyst for the selective catalytic reduction of nitrogen oxide in the gas stream
upon contact therewith to provide a treated gas stream of reduced nitrogen oxide concentration;

¢) a treated gas stream outlet through which the treated gas stream is discharged; and,

d) a second heat recovery section positioned downstream of the reactor for reducing the

temperature of treated gas.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the reactor component of the system of this invention and various

catalyst arrangements employable therein are described below with reference to the drawings

wherein:




0 26 August 2005 FIG 1A is a diagrammatic view of a furnace SySt%ghﬂquZOOS
known type incorporating the reactor in its stack section; FIG

side view of the furnace systemof FIG 1A, and, FIG 2 is a diagrammtic
view of a stack systemfor SCR conversion of NO . DETAILED DESCRI PTI ON OF
PREFERRED EMBCDI 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 weight

unl ess specified otherw se. The term"nitrogen oxide" as used herein refers
to any oxide of nitrogen such as NO, hKQ N204, N20, and is alternatively

desi gna ntand d for he.sel ectjve catal ytic
oduct BRF 1Ak Meramipal e T YRR SR lER oL e Kve bt uer e ducieconie
reacts iw ftickassodom;a i n the presence of a catalyst to produce nitrogen and
water as shown in the follow ng equation (not stoichionmetrically bal anced):
NOX+NH3 -> N2+H20O The reactor and deNO , nethod descri bed herein can be
used i nFl@MBéiE’Q|sld%%§é@8fth@%%{;£de@?st&ﬂ%fﬁ(§ qal. TRt of a NO, --containing
flue gas to reduce its evel . Typi cal donbustion equi pnent producing
hi gh levels of NO, include pomer plants fluid catal ytic cracking (FCC
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cracking unit for prodUC|ng olefins (e.g., ethylene, propylene, butylene,

hon féﬁﬁﬁtOCk such as et hane, propane,
Q od can be used with any

conbusti on eqU|pnent or process whi ch generates a flue gas containing

undesirabl e | evel s of 3
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, NO,,

N304, N2O, and is alternatively designated as "NO, ".

The system and method for the selective catalytic reduction of NO, preferably employ ammonia
as the reducing agent. NO, reacts with ammonia in the presence of a catalyst to produce nitrogen

and water as shown in the following equation (not stoichiometrically balanced):

NO+NH; — Np+H,0

The reactor and deNO, method described herein can be used in any application requiring the
treatment of a NOy --containing flue gas to reduce its NOx level. Typical combustion equipment
producing high levels of NO, include power plants, fluid catalytic cracking (FCC) regenerators,
glass furnaces, thermal crackers, and the like. The deNO, method herein will be particularly
described in conjunction with a thermal cracking unit for producing olefins (e.g., ethylene,
propylene, butylene, etc.) from a saturated 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 flue gas containing undesirable levels of NO,.
3
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26 August 2005 Referring now to FIGS. 1A and 1B, gas phase deNOX s£aghRdt 2005
system 10 is illustrated in conjunction with a thermal cracking systém
enploying twin furnaces | | and 12 having a radiant comnbustion chanber
operating at about 2200F. for the cracking of the feedstock. Each furnace
produces a flue gas which exits therefromthrough respective stacks S.-
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 % Water vapor 10-25 vol %
Car bon di oxide 2-20 vol % Nitrogen oxide 50-300 ppm The flue gases

exiting . e i cal | t erature of ahqut 18QO0OF. Each
st ack F%%Frllj&é{g&g‘ﬁ?&%\?é%‘%%@%?ge%%Pg?ﬁe%ﬁW%% ﬁ@?%ig 1nglé§tra change
equi pmendnjsiutiongfithahthemal backifd %@teﬁﬁ&nplﬁyiﬁﬁﬁﬂcfuﬁ@éeshqc%hd NEGAURE ¥ rddfnyhi Ch
heat is tran fe%a?’g)fromthe flue gas to the furnace feedstock. The flue

gas typFuRRYshoR °f ARETAYIRAL abqub 32U E  fop hegrackingad thei feerstock: Bach fuynecens at
a_ tenpgioahaesd ik ghé GcARRM thg%ﬁgm‘tﬁﬁqgh réE‘Eé’&%.\’x@ Eta?l{s@? ?ct’a%lgef OUEY YarP' OCESS
justed to p ué gas

of the present inventionis a ovi de rr%er atures of
not | es8f Busages ibeash staglo rngegiresh ebauts|190,000-300, 6@ blbs/he OTHE. MieqzaS BPRallps

expl ai ngg?%%@gf?lirlé?‘gn%lé?%%&%&g:s of the separate stacks are then wunited and

noved by system 10. Fan 14 increases the pressure of the
flue gas for Negag t he gaé8-80kobUgh the deNO t system 10. A significant
feature of th resent inventiop is that the deNO reactor system 10 is
mounted wi t hi T 8He stack ai d’ofs/“ posi ti oned above convection section 13 and
fan 14. This agy@ntagee s 10eNgved by reducing the size and weight of the
deNO,, reactor_system. thereby enabling existing furnace systens to be
nodi fied by r&taamdiexide aAdOxebYedi ng the nore costly alternative of

diverting staggugas (;Xq)degrog,mgbdﬁ)\{rgl for deNO t treatnent.

The flue gases exiting the furnace are typically at a temperature of about 1800°F. Each stack
includes a convection section 13 which includes heat exchange equipment through which the
flue gas is passed for heat recovery in which heat is transferred from the flue gas to the furnace
feedstock. The flue gas typically exits the convection section of conventional stack systems at a
temperature of from about 250°F.-350°F. However, the heat recovery process of the present
invention is adjusted to provide flue gas temperatures of not less than about 400°F., preferably
from about 400°F. to 500°F. as explained below. The flue gases of the separate stacks are then
united and moved by fan 14 into deNO, system 10. Fan 14 increases the pressure of the flue gas

for moving the gas through the deNO, system 10,

A significant feature of the present invention is that the deNO, reactor system 10 is mounted
within the stack and is positioned above convection section 13 and fan 14. This advantage is
achieved by reducing the size and weight of the deNO, reactor system, thereby enabling existing
furnace systems to be modified by retrofitting and avoiding the more costly alternative of

diverting stack gas to ground level for deNO, treatment.

Referring now to FIG. 2, system 100 for SCR conversion of NO is intended for use in

conjunction with a furnace system such as the thermal cracking system illustrated in FIGS. 1A

4
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Referring nowto FIG 2, system 100 for SCR conversion of NO is 4 @hﬁgﬁg%ﬂs
for use in conjunction with a furnace system such as the thermal cra
systemillustrated in FIGS. 1A 4 0 26 August 2005 and 1B. However,
accordance with the method of the present invention, the convection

section 13 represents a primary, or first, heat recovery section and is
configured to cool the exhaust gas fromthe radiant section to a
tenmperature of not |ess than about 400 F., preferably from about 400F. to
about 500F. This range can be achieved by t he appropriate configuration of
cool i ngaoiB.sHpwerendn eorprdance with tiecnetbod of thapresatt irention, theflebeverabmod of

adj usti as re ed by those skille |nthe The

flue gas a 98 Y€act or 10.
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agent spC urea, a amne, etc., into the flue gas, and a

catal ys#‘”ﬂ@g‘)‘i@‘w{%ﬁm“ﬁaoo"g Eét%ﬂl}@tean be agltigyed éw@mpp@pne@mgﬂ‘ igiatisi NO, |

present of dﬂjollﬁ?ccflisqﬁtlﬁ%nvém@n caiBh ¥§§ngtb‘§ger§ﬁ‘i&bwgt§od I)f)e{d e gg%sa? yafse2d! al

flow or parallel flow configuration can
cat al ys=tIS recogpivedl by ﬂw@aslallsctm thoart.aTlw Bweogan gi 4098F e J0G Rt aldyls'én by MEG)r)more

support ) or.t . havin %.voi d space, The
nmesh- 1 i E’es gﬂ%‘g%%?&gr lderrlﬁ% %Qﬁoﬁlﬁguﬂ?ﬁéné'gfgioﬁsdgvﬁcﬁég?Hi'?é’étr?dluﬁlég§r?ﬂ”"ngr es,
met al f@etlt Sunhbmﬁmmgﬁlagﬂﬁa rﬁt)dlbmfnebétb fnltd ih@'ﬂu@gasl ,B6d h bX&yamdd Q@@oﬂtﬁlﬁinlgde
one or onto the nmesh by a variety

% e%_ E The %t coate
of tec h"?‘nf'ﬁ& gL fhnseleetiye B “ﬁ'@gl rﬁij’m @the flug gasq The saialyst bed gt haveent t o
achi evefok beanglae ia r86ialCY 8F SirQilt] @le%ﬁgur@tld}{E&cP%QL%ﬁae aé;%ﬂrﬁc?@elt@ m{téﬂgstu se in

t he present invention is described 1 n copending application
Serial Wgnolghratslystogria migrespgingened caalystZ g CEhsupporeadl ohGomesbrliesnpdtt Ni t r ogen

Oxi des haRideR 1260880663 Pad, Cat al yst Supported on a Mesh-Like Structure”,
the content’s of which ar |ncorporated by reference herein in their

entirety. Reactor systens suitable for use in the present invention include
those d’ﬁ% Algs?lelﬂ(e sﬂpporfS mai%rlal or}lthe MEC catalyst includes fibers or wires, metal felt, metal

gauge, metal fiber filter or the like and can include one or more layers. The catalyst can be

coated onto the mesh by a variety of techniques such as dipping, spraying, etc., in an amount

sufficient to achieve the desired conversion of NOy. A MEC catalyst suitable for use in the

present invention is described in copending U.S. Patent application Serial 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 incorporated by reference herein in their

entirety.

Reactor systems suitable for use in the present invention include those disclosed in U.S. patent
application Ser. Nos, 09/793,471, 09/793,448 and 09/793,447, the disclosures of which are

incorporated by reference herein in their entirety.

The temperature of the treated gas exiting reactor 10 is about the same as that of the inlet gas and
generally ranges from about 400°F. to 500°F. The higher the temperature of the SCR conversion
reaction, the less catalyst is needed. Hence, si gnificant reduction of the size and weight of the
reactor system to achieve a desired conversion of NOy can be achieved by operating the reactor

at temperatures of from about 400°F. to about 500°F. rather than at lower temperatures. Indeed,

5
o




application Ser. Nos. 091793, 471, 09/793,448 and 091793, 447, the 26Angmn2005
di scl osures of which are |ncorporated by reference herein in the

entirety. The tenperature of the treated gas exiting reactor 10 is about
the sane as that of the inlet gas and generally ranges from about 400F. to
500F. The hi gher the tenperature of the SCR conversion reaction, the |ess
catal yst is needed. Hence, significant reduction of the size and wei ght of
the reactor systemto achieve a desired conversion of NO can be achieved
by operating the reactor at tenperatures of from about 400F. to about

500F. e meductionef raactorsivemetraitypibe stactoetn bel puditieded Bithin26e ekhguss stad00 t he
reduct i 0, z r he [2g( t or o be .posi tione th|n t he
exhaust ng)tv gfé?é{ th&n Sre%%%?eﬁ”c%ﬁv%éﬁf s desify g‘ﬁtola\? ieX g at gt dhput g §j§ 8 desirabl e
to achi edectmh olfd&ﬁ‘ﬂo,at’ﬁmﬂnt anth8 B pase BreCrhian aﬂ%adt asodN@O% re@Rtienbf Mk Ndle flue
gas, prefe st. _about 90% reduction of e NO,, content, and nore

prefera?ﬂ"f"g %‘&%Tprﬁ ?t‘hlyQg%sféllﬂ%??éﬁe@m‘@héﬁh@%(&Gﬁﬂ@m I'n accordance

with the system and nethod of the present invention, a second heat recovery
section 15 downstream of the catalytic reactor system 10 is preferably
enpl oy el aceordentg vdththe systesnprask methedofthe presertt irmahiéeh, gasconphedteccabéry to a

range o over romthe tre gas
exiti nggerc ﬂé&g{g{@ %{%ﬁgg@eﬁ gtélg’%géjea&%’g Wsi%n iﬁ& Rr efai'?b %"H@P¥F§| to ff‘&%a% fng
syst em felpasturabBitle irvatéd 6B, prbferabigtolBanpSofaEbma abag esors, 3 3590, f or

preheating the feedstock as shown in FIG 2. Thermal cracking feedstock F
is introduced into second heat recovery section 15 for preheating. Heat

I ecoverMeds esov@8d kdmithe {rbﬁi&ﬁ%@,r&ﬁitﬂﬁ rERIR 10881 bd ﬁs%@%g gésuea URER thefhermal
Feedstock F flows throu es 15a to recover heat fromthe treat eolEl gas

exi t i ng“rRHee SyslseY IHPSt@GFd i kde 8.okA and 1B, deatlvanegedushyasedbr prabeatingale r ecovery
secti onp e toth i Ist
Ned BtRRYs ifovirPin g Yes! Y‘h&map«':rgél@r% fe(%%stéig Flg tr(*dll]l ‘fdﬁ nto seco gﬂlg% i ng.

recovery secti on, |.e., convectl on
Feedst o€ROMERI sestlwbhi/@m pirebpatigc Heairred:ﬁiery/seatldm l’ﬁalnﬁluﬂaﬁ’ orferca Ii‘rﬁjfreheat raida

et Tl P R B DS RS0 B B0l B
. reactor 10. Thereafter, feedstock F passes from heat recovery section 15 and is conveyed via
piping tie-in 15b to the first heat recovery section, i.e., convection section 13, for further
preheating. Feedstock exits convection section 13' via line C for transfer to the thermal cracking
furnace. Construction and configuration of the heat recovery section 15 to achieve the desired
reduction in temperature is within the skill of those with knowledge in the art. The treated

exhaust gas exits system 100 at outlet 16 at temperatures typically in the ran ge of from about
250°F. to about 350°F.

The system herein is advantageous for retrofitting existing furnace systems with a stack reactor.
By moving a small portion of an existing convection system downstream of a reactor inserted
into the stack, the reactor size requirements can be reduced to increase the feasibility of such a

system. The downstream portion of the convection section functions as heat recovery section 15.

The Example below illustrates the deNO, system and method of the present invention.

EXAMPLE




reduction in tenperature is within the skill of those w th know egg 35
art. The treated exhaust gas exits system 100 at outlet 16 at terrper es
typically in the range of from about 250F. to about 350F. The system
herein is advantageous for retrofitting existing furnace systens with a
stack reactor. By noving a small portion of an existing convection system
downstream of a reactor inserted into the stack, the reactor size

requi renents can be reduced to increase the feasibility of such a system
The downstream portion of the convection section functions as heat recovery
sectio nTh%SYSfﬂheofEkfapﬁp$®t boetion illbstetadan #8G Zhs ethpOed whyrirenlanghs Metvhae of
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of 360, &2foh IBktivh thathagasaRitingithe &lnvBdon s@&ﬁﬁqgtﬂa@ta'taﬂpé?ﬁtu&% aPRffubépPassed
througthg vectlo section 13" such that the gas exiting the convection
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is introduced into the ue gas an rovi e Se
r educt i Whetothe pomonighemtaiiiag gasmnsea tromthed a:utaigst headcopmsniag ah BCRughl)at mhal yst

bed con cat al yst 05 /T2

moshe 1 Ea R dishba 8 G el nfipe vl oo 500 foid sy 4BieaZ0r "

cat al ystn.sup.3rofqatalysids quutr&eamﬁeblﬁtratﬁ@ itepRAtALIMOW. HRQRkatedMRe iheat ed flue
he reactor is at about the same_tenperature at which it
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streamis reduced to 250F. t©o 350F. heat trans ur nace
f eedst ol€RPerghte phthe gay srgpmds rqdugqslrtaﬂg@’cr tcrftﬁﬁh F.foy hstt%tcdnsfm,a g),tjb fiehack6. The

treat edpg@godt o cont ent
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of NO, , frpm thehstadkl wid tgasalbtha&e aiND tooa@htwehith has been reduced by about 90% or more

relative to the concentration of NO, in the flue gas prior to treatment.

In contrast to the Example given above, in a typical conventional system, wherein the convection
section reduces the temperature of the flue gas to appreciably less than about 400°F, e.g., to
about 350°F., the reactor requires a relatively large catalyst bed volume, i.e., about 54 m’. The
reactor size reduction achieved by the system of the invention illustrated in the Example above
makes retrofitting a stack reactor to a conventional stack system a feasible alternative to

otherwise costly modifications.

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.




In contrast to the Exanple given above, in a typical conventlonalzéxﬁg&ghoﬂs
wherein the convection section reduces the tenperature of the flue gas
appreci ably | ess than about 400F, e.g., to about 350F., the reactor
requires a relatively large catal yst bed volune, i.e., about 54 n8. The
reactor size reduction achieved by the systemof the invention illustrated
in the Exanpl e above nakes retrofitting a stack reactor to a conventi onal
stack systema feasible alternative to otherw se costly nodifications.

- Wil e the above description contains many specifics, these specifics should
not be Whsatisclasredis: |inmitations on the scope of the invention, but nerely
as exenplifications of preferred enbodinents thereof. Those skilled in the
art will envision many other possibilities within the scope and spirit of
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for an%pg flue gas fromthe convection section to the stack, d) a reactor

for the selective catalytic reduction of nitrogen oxide in the flue gas

stream posi @la(fﬁkeﬁodiﬁbn’éﬂ'ﬁoﬁ'ﬁﬁféﬁmm&% onﬁeil}?sefcﬁc% fod @i %ﬂl%tg?i% ue gas

including an injector for introducing a UCI g agent Mt o &t
st r eam 58 theospegtion gecsion te thststagke nltrogen oxi de conversi on

d) a reactor for the selective catalytic reduction of nitrogen oxide in the flue gas stream
positioned in the stack downstream of the fan, said reactor including an injector for introducing a
reducing agent into the flue gas stream and containing at least one nitrogen oxide conversion
catalyst for the selective catalytic reduction of nitrogen oxide in the flue gas stream upon contact
therewith to provide a treated gas stream of reduced nitrogen oxide concentration;

¢) a treated gas stream outlet through which treated gas is discharged; and,

f) a second heat recovery section positioned in the stack downstream of the reactor for
reducing the temperature of the treated gas and connected to the first heat recovery section by a

piping tie-in for permitting the flow of a fluid therebetween.

2. The system of claim 1 wherein the catalyst is a particulate.

3. The system of claim 1 wherein the catalyst is a monolith.

4. The system of claim 1 wherein the catalyst is supported on a mesh-like structure.

5. The system of claim 4 wherein the mesh-like structure comprises one or more layers of fibers,

wires, metal fiber filter or metal felt.

6. The system of claim 1 wherein the reduced concentration of nitrogen oxide is at least about an
8
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catalyst for the selective catalytic reduction of nitrogen oxide bfAlBst 2005
flue gas stream upon contact therewith to provide a treated gas stredm o
reduced nitrogen oxide concentration; e) a treated gas stream outl et

t hrough which treated gas is discharged; and, f) a second heat recovery
section positioned in the stack downstream of the reactor for reducing the
tenperature of the treated gas and connected to the first heat recovery
section by a piping tie-in for permtting the flow of a fluid
therebe%wpen. 2. The systemof claim1l wherein the catalyst is a

par t i cuPatededucton refpsive Jasthe initial conedntrationsher ei n the catal yst is a monolith.
4. The systemof claim| wherein the catalyst is supported on a nesh-1ike
structure. 5. The systemof claim4 wherein the nmesh-like structure

conpr i sésTleraystom ofotaém [laytersin dfe rédived sonceiiatids of ARtlogén 6:4iBETs af ichit@hoRk Net al

felt. 6 syst em.of clai.m.l, wherein the reduced concentration of
nitroge%o%;glg%lgﬁ? reg%twf:é%@?lnhﬂt?f’"%ﬁ’?tra%mﬁ 26 August 2005 85% reduct | on

relative to the initial concentration. 7. The systemof claim| wherein the
reduced_cgoncentration of nitrogen oxide is at |east about a 90% reduction
rel ati v& ths ysemioficlain ! vhsrrie therraacias a gdialHewggastem of claim 1 wherein the
reactor is a radial flowreactor. 9. The systemof claim1l wherein the
reactor is a parallel flowreactor. 10. The systemof claim1 further
conpr i sP-nigte spijtem off giaima d evhetdic thepeathrdes paalidl lewgasct&t r eam cont ai ni ng

ni trogen oxide. 11. The system of claim 10 wherein the furnace is a

hydr ocar bon cracking furnace for producing olefin froma saturated

hydr ocat®dhebgeds bockin DEuradH nighig@@ the furnace. 12. The systemof claim

1 wherein the fan is B‘O}Sli ti oned between the convection section and the
st ack Secona‘%fe@fqaﬁ?lw ich produces a flue gas stream containing nitrogen oxide.

11. The system of claim 10 wherein the firnace is a hydrocarbon cracking furnace for producing

olefin from a saturated hydrocarbon feedstock introduced into the furnace.

12. The system of claim 1 wherein the fan is positioned between the convection section and the

stack second section.

13. A method for the selective conversion of nitrogen oxide in a furnace flue gas stream having
an initial concentration of nitrogen oxide comprising;

a) providing a furnace system having a combustion zone, a convection section above the
combustion zone, a stack positioned above the convection section, and a fan for moving furnace
flue gas downstream from the convection section to the stack, the furnace system having a first
heat recovery section positioned in the convection section, a reactor positioned in the stack
downstream of the fan, and a second heat recovery section positioned in the stack downstream of
the reactor, the second heat recovery section being operatively connected to the first heat
recovery section for transferring heat recovery fluid thereto;

b) cooling the furnace flue gas stream to a temperature of not less than about 400 °F. in
the first heat recovery section in the convection section of the furnace system;

¢) moving the flue gas stream into the stack;

d) introducing a reducing agent into the gas stream;

9
e]




13. A nethod for the selective conversion of nitrogen oxide in adﬂﬂkﬂQ&§2005
flue gas streamhaving an initial concentration of nitrogen oxide
conprising: a) providing a furnace system having a conbustion zone, a
convection section above the conbustion zone, a stack positioned above the
convection section, and a fan for noving furnace flue gas downstream from
the convection section to the stack, the furnace systemhaving a first

heat recovery section positioned in the convection section, a reactor
positioned in the stack downstream of the fan, and a second heat recovery
'secti on posi Vireasdag the redrsingtagent witviths nitegen afide tihibe pesastiean in theeemerang heat

recover i I erati,ve nected to the first heat recovery
Cocr onerBERLi R Boh A RO bFl o0 BERE Sirstris b feash e B bsnyidee

f ur nacecdnivesiogaatabyist faa thetsolcativerap@ytiirbdietioh oNflirobdsskidd 8 Predaesih trdA Fas 1 N
t he firﬁt.heat re%ove2¥vsection in the convection section of the furnace

syst em MRS ARG CRRCehralinpf Ditkqeca akident o t he stack: d) i ntroducing a
reduci ng agefylcoblifg@hd féat $ 1123 oPHGUS L '

reduci ng agggtomﬁ%ﬁ the nitrogen ggwgggyﬁg%he §§§K§38§g§$?ﬁﬁ%ﬁ%hﬂg3%?%r at
a tenp@faxaly 8uidfad om not | ess than about 400 OF. in the presence of at

I t [ I ' | yst f h | ectiy. I yti
I A e R e et e A S T

concent stadki to theoffirstriiear egeerosectie;) infthe caekithg sthtontoT @t fachab@sysiem.t he second
heat recovery section by transferring heat to a heat recovery fluid; and,
g) communi cating the heat recovery fluid fromthe second heat recovery

secti onid. mh etholoTelirh 03 berel 1 rediOad cdRERMEDY oPREbLATLIIM § BEIERANAR | ON
section of the furnace system 14. The nethod of claim 13 wherein the

r educed®tdTe BiuFlan o mitsrgen okids gelativedp dhe inisiabeoncendstiombout  an 85% r educt i on
of nitrogen oxide relative to the initial concentration.

15. The method of claim 13 wherein the reduced concentration of nitrogen oxide is at least about

a 90% reduction of nitrogen oxide relative to the initial concentration.

16. The method of claim 13 further including the step of thermally cracking a hydrocarbon
feedstock introduced into the furnace to produce at least one olefin from the hydrocarbon
feedstock, wherein step (d) of cooling the treated gas reduces the temperature of the treated gas
to not more than about 350 °F. and comprises transferring heat from the treated gas to the

feedstock prior to introducing the feedstock into the furnace.

17. The method of step 16 wherein step (a) of cooling the furnace flue gas stream comprises

transferring heat from the furnace flue gas to the feedstock prior to introducing the feedstock to

the furnace.
18. The method of claim 13 wherein the reducing agent is ammonia.

19. The method of claim 13 wherein the step (a) of cooling the furnace flue gas stream is
performed in a first heat recovery section and the step (d) of cooling the treated gas is performed
in a second heat recovery section, and the method further includes the step of communicating a

heat recovery fluid from the second heat recovery section to the first heat recovery section.
10
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15. The method of claim 13 wherein the reduced concentration of r@ég&g&gzoos
oxide is at |least about a 90%reduction of nitrogen oxide relative t8 the
initial concentration. 16. The nethod of claim 13 further including the
step of thermally cracking a hydrocarbon feedstock introduced into the
furnace to produce at |east one olefin fromthe hydrocarbon feedstock,
wherein step (d) of cooling the treated gas reduces the tenperature of the
treated gas to not nore than about 350 F. and conprises transferring heat
fromthe treated gas to the feedstock prior to introducing the feedstock
into the furnace. 17. The nmethod of step 16 wherein step (a) of cooling the

furnace,f lue gas.st,yream co ises .transferring heat fromthe furnace flue
gas to %(Lé% ?yé;% S{O(Sg}lfs QF%YJ%W‘IWF%HBP Hémﬁfﬁsﬂ’r% 1N 330 stepam having Atnace.
18. Theinitkil batteatatiohaif MtbenbaES whithniegi Ny agent is amonia. 19. The
met hod of cl iq;lS wherein the step (a) of cooling the furnace flue gas
streamis péraf YetRombustion zope and #Eest conveetinarsyctinaqosiganedabovhibeditsp (d) of
cool i Ngcdchiush i i1, . . r.ecpvery section,
and t o ook i e pl R s Ry 4ol BEARTIREY i B BB cver
fluid fyshen foe reluciog theteapemcouis flusgs siremn exitindithe ffirst sbmbasdion Zegors &by
secti onl.essl[g l%&?ﬁugust 2005 20. A systemfor the selective catalytic
reduction of ni régen oxide in a gas streamhaving an initial

concent r at i ob) askcanidtooaBestiondode andWieebnE QFREdRASectidh pdsifibfielabb RSt i on
zone and a first convection section positioned above the first conbustion

zone, aFPISTOMRUSHRAL IPNRLteCcondRsay headeqaypryisesting hstnginoriginesd inthe seeortd r st
convect ¢@RectAGERA f&ﬂ%dﬁrﬁr%'ﬂi.b E@nﬁe@ﬁuﬁe%@‘g uggksg S?ﬁglf_[]‘l e%B%llglll_!ﬁq &gﬁnd’s tream

exiting the first conbustion zone to not a second
conbust FRPUserzans do potdess i 409PKiect | on secti on positioned above the

second conbygt, rimary heat recovery section bein

on Ucé sk $OMGoned aBEVH : 9

posi ti oned i tﬁ% iDecon(f above gﬁpst WA Leboint onvedtion sectlyons,
d) a transition section for conveying flue gas from the first and second convection

sections to the stack;

¢) at least one fan positioned above the first and second convection sections for moving
flue gas streams from the first and second convection sections into a single stream flowing
through the stack,

f) a reactor for the selective catalytic reduction of nitrogen oxide positioned in the stack
downstream of the fan, said reactor including an injector for introducing a reducing agent into
the flue gas stream and containing at least one nitrogen oxide conversion catalyst operable at a
temperature of not less than 400 °F. for the selective reduction of nitrogen oxide in the flue gas
stream upon contact therewith to provide a treated gas stream of reduced nitrogen oxide
concentration; and,

g) a secondary heat recovery system positioned in the stack downstream of the reactor
and connected to the first and/or second primary heat recovery sections by a piping tie-in for

permitting the flow of a heat transfer fluid therebetween.

21. A method for modifying an existing combustion system, wherein the combustion system
includes a combustion zone, a convection section above the combustion zone, a first heat
recovery system positioned in the convection section, a stack positioned above the convection

section, and a fan positioned between the convection section and the stack, the method
11
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convection section for reducing the tenperature of a flue gas str&aR\oust 2005
exiting the second conbustion zone to not |ess than 400F.; c) a stac%
positi oned above the first and second convection sections; d) a transition
section for conveying flue gas fromthe first and second convection
sections to the stack; e) at |east one fan positioned above the first and
second convection sections for noving flue gas streans fromthe first and
second convection sections into a single streamflowi ng through the stack,
f) a reactor for the selective catalytic reduction of nitrogen oxide

posi ti offdePI & he stack downstream of the fan, said reactor including an

i njector for\.ntr i i.hg.agent .int the flu as_stream and
cont ai ni ng o) q?%\ggﬁg%ﬁggsﬁ% t% %géﬁgegx?nd‘gﬁlg% Zur%f BFFAEST %ﬂcﬁas%cﬁ?)c@?eé‘gl e at a

t enper ateaoerypbystaon, thewactbhantAiifg ircathiget fohthe SAb@RE cMalyHe tdabliia ofafitrdichr 0gen
oxide in.the.flue ,gas streamupon. contact therewith to provide a treated
gas st r &y ¥ft raéqu}%gﬁ Ieraty %@gfg]ﬁﬁ?ﬁw&smsa e QPP 2t aptdessghanst 008k ovpithr y
heat 1 ecxoud Neab yeb @Fy Btdnt bARE PodiforeB GbSNeAhK rdQUpSt r €am of the reactor and
connected to the first and/or second primary heat recovery sections by a

pi pi ng ti e-i P rEweLittipg theisubstitige staek secton ithackiging combnssioarsysteraisdch that the

t her ebe{wegn . . ifyvi . existin onbustion ,system
wher ei n§ Tha stk s ﬁtgﬁ%@%{t&%& %Ogl Eyeésb%glgcgl(?ﬂﬁﬁciltop Sﬁd g%vﬁ '}Jre%fnc?gﬂ\?ets )i on
section above cohecctiogthestéond heatmesovaryfsystsin tb et firstIRAINETErSHSletMils1 t i oned
in thenﬁg&vg%t_iinon section, a stack positioned above the convection

section, “a a fan positioned between the convection section and the stack,
the nethod 11 0 26 August 2005 conprising: a) providing a substitute stack

section ch includes a reactor and a second heat
22.the method of claim 21 wherein the substitute stack section further includes means for

introducing a reducing agent into a flue gas stream passing therethrough.
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recovery system the reactor containing a catalyst for the selectj B’ﬁu ust 2005
catalytic reduction of nitrogen oxide with a reducing agent, said aral

bei ng adapted to operate at not |ess than 400F., said second heat recovery
syst em bei ng positioned above the reactor; b) retrofitti ng the substitute
stack section to the existing conbustion system such that the substitute
stack section is positioned above the convection section and downstream of
the fan; c) connecting the second heat recovery systemto the first heat
recovery systemwith a piping tie-in. 22. The nmethod of claim 21 wherein
the substitute stack section furtherAbstcdaides neans for introduci ng a

reducin el eam s'.n her et hr ou 12 0 stract
A syst e%sg&gﬁ PEA gm?of?} @Ee SRVE P E%ﬁ'ﬁ S’f?? gt Oxlds nﬁf“rﬂ‘i‘cﬁreﬁ t oxi de
in a fuinchees exhiag dte fuinacd extesst apOTiksnBed P@o‘f/ét Rétidn o RMTeratde BethietSt heat
_recover¥ (f{ ct 'dOSE) %ﬁ nper at yre between [err]F. and 500[err]F.

i nt rodu? g q 1‘1‘?50%‘58}&3 RYDNg q‘f@“b&‘%‘bﬁﬁxwg @ﬁﬂn@@a@mr‘i’@f Riegam t r ogen
oxi de | oxilibin 18k Bk @A idhidhdvelilind SAHCHG AUSAE: bt AR DIATERCE QLN SR

catalyst in a reactor positioned int ace sta gas
emer gi nBesitiesgd ke fgaeestackalhoiedted gdsemecgm:g &dm thereactsecnrbed findet codedbver y

sectlon als rnce arti,cul arl. ita use i.n
conj unctl O%@o EEEIL%%% e ﬁ&l Sﬁh n‘g 1874 Pragers i %Ba‘ﬁ%l?g‘é th]ﬁ fordisadt ock to
pr oduceccm]wfctlm wﬁhe’umﬁ@ecﬂﬁrttmmailg cpeiehg hadroyarbsicfeedk®d tb prodhiee 6@, TiRcovery
sectlonF&) (i)(r tomgrod cti ltlothe furnace.

eedstock is preferably pre eate mt e heat recovery sections prior to introduction into the

furnace.
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