26 August 2005 SYSTEM AND METHOD FOR THE SELECTI VE CATALYTIC REDUQ?IG%¥§5005
NI TROGEN OXIDE | N A GAS STREAM BACKGROUND OF THE I NVENTION 1. Fie é t he
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 gxide (NO and nitrogen dioxide Hi gh conbustion

t enper at ur s &g AND ) b HLCS 2 i REHJGTION OF t he

envi ronnent, efforts havebgepReHE e RS S ssion of NO,, in gases
produced by industrial pr i stion of fuel,
particularly gases resulting fromthe operation of power plants, therma
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 ne Is inval ve the reaction of NO, with a reducing agent,

opt i onarky L3¢ Ao dBEINVENTHON: ot al yst. The sel ective non-catal ytic
reduction ("SNCR') of NOx wth 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 i T ifVeBAR hercih r&1aR6 toAgLRin 2HAGRRRPIdR CARlyRMIBTSARIRIBIHMdHR of he
treatnment of flue g s using conventional SCR nethods and ™ apparatus is that
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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").




of NO,, requires that it be located at ground |l evel. Many industrjal
need to be retrofitted with NO, renoval ("deNO,, ") equi pnent i%@épgléé’r}&?gs
neet the requirenents of nore stringent governnment regulations. 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 |ightweight
deNO, unit which can be incorporated directly into the stack. SUMVARY OF
THE I NVENTION I n accordance with the present invention, a systemis
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enbodi nents of the reactor conponent of the systemof this invention and
various catalyst arrangenents enployable therein are described below with
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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:




FIG 1A is a diagrammatic view of a furnace systemof a known typge 4, ust2 05
incorporating the reactor in its stack section; FIG IBis a side V|§

the furnace systemof FIG 1A, and, FIG 2 is a diagrammtic view of a
stack system for SCR conversion of NO . DETAILED DESCRI PTI ON OF PREFERRED
EMBODI MENTS As used herein the terns "stack"” and "flue" are used
synonynously. Al quantities should be understood as being nodified by the
term "about"” or "approximtely". Conposition percentages are by weight

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

desi gna m and d for he.sel ectjve catal ytic
Feduct b d ket T o AR Tanioas kave ha idauer e duomecioni
reacts iw ftickassodom;a i n the presence of a cat al yst to produce nitrogen and
water as shown in the follow ng equation (not stoichionetrically

bal anced): NOX+NH3 -> N2+H20O The reactor and deNO,, nethod descri bed
herein FRN 1pas SR vidk 3fike ARRAC SRR FRAWALAG Lhe (reatment of a NO,
--containing flue gas to re ts NO,, lev Typi cal conbustion

equi pnent produci ng high | evel s of NGO, include power plants, fluid

cat al yt r. » rators s furnace t hermal crackers,
and thetﬁ %elgg'l%ggmﬂdl %Ylévﬁgf%% C Sgﬁtgwog\kgg BBV P@ﬂpé[rl y described in
conjunction with a thernal crackl ng unit for producing olefins (e.qg.,
ethyl eng—., ) froma satuyr at ed hydrocarbon
f eedst ock--Sueh : O AQAAMBODIMENTS | j ke, However, the
react or and net hod can be used vvlth any conbustion equi pnent or process
whi ch generat es a flue gas containing undesirable levels of NO,. 3 0 26
August 28bspdihereiy Fheﬁgrrn Waeld' apd (Rue"pre wied suRnyg@usiph Al ejuaesities shauddibt or
system I 1 n_ W cr k| ng. sy.stem
ompl oy %1816%‘5\%}(’& a%ﬁréf;? 1 1écﬂu Helirg ﬁl%d\}l?n%r af);t}o%rﬁ e?§ m%ompos {tiSh Percaiages
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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conbustion chanber operating at about 2200F. for the cracking of $hg, uMZOOS
feedst ock. Each furnace produces a flue gas which exits therefronlthg
respective stacks S. Typically, the flowrate of flue gas in each stack
ranges from about 100, 000-300, 000 | bs/hr. The flue gas typically contains
the follow ng conponents: N trogen 60-80 vol % Oxygen 1-4 vol % Water
vapor 10-25 vol % Carbon dioxide 2-20 vol % N trogen oxide 50-300 ppm

The flue gases exiting the furnace are typically at a tenperature of about
1800F. Each stack includes a convection section 13 which includes heat
exchange equi pnent through which the flue gas is passed for heat recovery

in whic r f rom e as to.th nace ,.f eedst ock.
The fl uieie%g@{ A}P%\I( ézoaIﬁR% exil &II% h‘%asgh éj(ef#J ﬁg@@’éﬂf%‘?@ i? ‘SdBPRF@Fﬁdll’énal st ack
syst enscatjurgtiof &mthth?]Mchﬂéklﬁgt Q@leﬂb@ﬂﬁtlo? iag Ewmaﬁﬁﬁeeis*ﬂg‘&ﬁﬁ ep ha\tlﬁ@a Fh]‘cﬁi?é{nt
recovery proces e present invention is adjuste provid ue gas
t enper a ‘UBI@? Sl??dﬂbef aRY t%“rga"rtn abiy 4200t bolor thepﬂf@k@]rgé}fl&;ﬂ fe?dﬁtﬂﬁ?kaﬁmbtfuﬂ@m: gt 0

SO0F.  agroguddsaifiie (béa;b%{%w exild e efﬂgﬁn tﬂl%ﬁgﬁ régéecrtlbg i%&&%%‘@hc% lﬂccﬁes 6% ?at%: hen

uni ted and noved fan 14 into creases
pr essur & Be ganén ¢ach staghsangesfromoboutd 00 ﬁ@O-Qa&O(ﬂmlbs/hg hTheh@uedaNpicallgy st em 10.

A signi %%ﬁﬂﬂgthg?@EO%ﬁg ggl?é]oqlgm?resent invention is that the deNO reactor
components: , L .

system I's nounte he stack and is positioned above convection
section 13 andNifragenl4. Thi $0&0wah¥age is achi eved by reducing the size and

wei ght of the reac stem thereby enabling existing furnace
systens to be %&F‘i‘l ed ﬁgtvroi% tting and avoiding the nore costly

alternative ofwatdi; %b’gl ng BLBCo188S to ground |evel for deNOt treatnent.
Referring now to FI , System 100 for SCR conversion of NO is intended
for use in c&if Rcdipde wi 2ROx0k r nace system such as the thermal cracking

system il | ust n\ak6gkd dkidd CS0-3dd fhn?

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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26 August 2005 and 1B. However, in accordance with the method of Q@gu ust 2005
present invention, the convection section 13 represents a primry of
first, heat recovery section and is configured to cool the exhaust gas
fromthe radiant section to a tenperature of not |ess than about 400 F.,
preferably from about 400F. to about 500F. This range can be achi eved by
the appropriate configuration of cooling coils in the convection section

or any other suitable nmethod of adjusting heat transfer as recognized by
those skilled in the art. The flue gas at 400F. -500F. is driven by one or
more  f @ik B.4Hpyever,in acecndantowithite: method of the pesend é@s/eation, te@ohveetiodlevi ce 18

for int gl.ng as ammponi a, ure al kyl etc.

it ot HtfE LSRR LECH BRGy, BOGRE nEHGooR S SR AP & Con el ool Mo 1 h

sel ect i wdlauﬂ(gas:fromﬂh@ﬂadl‘d& sec@cﬁrﬁl‘@%ﬁémpé’}aﬁxﬂﬁotfﬂoﬂﬁsgﬁﬁn a@ﬁ%@(ﬁ‘tfal %ragl%'d can

have, th’@h a radial flow or parallel flow configur ation, and can
[

i ncl ude 3"' atealoyt aPYEr Thistanasicar e adiievieg &y the(ﬁppa)pma@rcgeﬁ@ratm ed
cat al ysbf dooleTolls i BRQUoh RSB sl Sty difier SHBAR Jaethp@;{f;ﬂgj h&R3hndga/e vO! d

space. The mesh-1like sup Fort rraterla C Ca Yi'bers
or wi reds regagniged pgthose plgtled in tgamgeThenmaagasat A00FF f-500°8T 1smnnvemay biiker ragd can

vari ot yar 4 g R |6 Bl read A 5 iR e IF BrMosRe oo )
suf fi ci agent SUOh as:ﬁmmmmal trea,diisil Bmdlepétﬂyﬁﬂté?ih@ Mukadehd a ca&alyﬁ@e@ ab abpisihin
sui tabl e f esent_invention js described in copendi ng 5

Pat ent aaf)aﬁ ¥ %3 tgﬁseé‘cécr“lvﬁfg tonsgfNoprogent injthefue gag The eatalyghed ean haveed
" Conver for e, rhdi@DfRdW GXpaifife] ﬂewtéaﬁﬁg’drmngﬁd%:&cﬁé aftidu) yvaqapeed on

a Mesh-Like, Structure", the contents o are 1 ncorporate ference
her ei n MANQlitk patalygner & wigjoengingercd eatalysit(EWE CS)suppirieal drmmelﬂlehkersup;bmt present

I nvent | RRidE 1R NOS8 ﬁ%f%d osed in U S patent application Ser. Nos.
091793, 471,” 09/ 793, 448 ahd 091793, 447, the disclosures of which are

[ ncorporated by reference herein in their entirety. The tenperature of the

t t that of th | et
aaga Senera\e yﬁl}reasﬁg%g '?1%8 ngglfﬁﬁgg%ﬁtaHXSBI%b’éﬁsnF aéo%‘i‘”g‘i’?eg‘efah@ett I@&r‘lrﬁ'gra? 3$e

of the SOk, aoswlditer iter oreieCliliednd chhmcluas Sn@&tlﬁbﬂéﬁyehs TRedaHst Hanee.

significant reduction of the size and wei ght
coated onto the mesh by a variety of techniques such as dlpplng, spraymg, 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,
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reactor systemto achieve a desired conversion of NO can be achlffygg ‘8%2005
operating the reactor at tenperatures of from about 400F. to about )

rat her than at | ower tenperatures. Indeed, 5 0 26 August 2005 the reduction
of reactor size permts the reactor to be positioned within the exhaust
stack and above convection section 13 and fan 14. It is desirable to

achi eve at | east about an 85% reduction of the NO, content of the flue
gas, preferably at |east about 90% reduction of the NO, content, and nore
preferably at |east about 95% reduction of the NOX content. |In accordance
with t hbedgduetion efirerctantsiredennits the rqaptes terfte ponitiened wnhinahesemm stheladndr ecovery

section f or s erably
enpl oyeﬂjk'? gg&wgg@:&en St%ﬁh% %eff%ﬁﬁ ‘fes{r‘rﬁe{ raéhie 5%% gtﬂﬂ”éi“g %I y to a
range ofedfgtiomod tth O,Z&Qnﬁant bf)th3 O kas, plefdrabie ﬁ@k&@it 8Bt DO bR tibh BRhHEN(gas
exiting n&ﬁ}gtor can Q%S ;ﬁweswed and in the thermal cracking
syst em 4 tapgf@ﬂe PryiaEfasat I?ﬁ%t t 9% reducton, alftha ehgenigntused f or
preheating the feedstock as shown in FIG 2. Thermal cracking f eedst ock F

is introduced into second heat recovery section 15 for preheating. Heat
r ecover W aseerdansg with thesystereandonethod oftbe erehﬂmnvtenams hieecontl ﬂlbamecbﬁa-y

Feedst o 15a. to rec fro d gas
exiti ngs(;e'lté‘h&:n 1 &)%{%F{rg{@gg&?her @glf trearctorf%sé%% ?teﬁ’g? rpw% ﬁ 8cover y
sect i ontepemhule dfsthe aated gab, picferatpy pi N@ngd 6 fidin &Edmt eotEhe F500%t. heat

recovery section, i.e., convection section 13, for further preheating.
Feedst ock exits convection section 13" via line C for transfer to the

t her mal Hedt aglsvargd frbmrtﬂéﬁéated:gd%%kftﬂg%&{brel@‘éar?@@ﬁée@% b8 o inlhEmlGal
recover%/ﬁé(ectlon 15 to achieve the desired reduction In tenperature is

Wi t hin g §ystemgflugtrgadan FeH. Idhand H%lg%adwantaﬁwualrytusedrﬁle ptdla‘éttngdhe exhaust
gas exi fe8dsfock b8 Mokilindl GOt el 6@%&&«@;@? YW & SndoRbSBhlo ste%ogngg‘ggt ' ange of

from about 250F. to about 35 eréinits a van
r et r of i ©LEVSYY sexiient | hipr prehnating. $lest eomvery stehtm B3 mckxdemtcmﬁnore Byat ff@rwfé’tg a

haer t o B, Phede K Mo SBR[ 3 51 R v Hisd ol spReN GRAABA 1 o
i nc r,eas_leadtblel()f. eldstdafibr, foedbckSEIpEks@ 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




system The downstream portion of the convection section functio

recovery section 15. The Exanple below illustrates the deNQO, , s%gﬁg'&ggbos
nmet hod of the present invention. EXAMPLE 6 0 26 August 2005 The system of
the present invention illustrated in FIG 2 is enployed wherein a flue gas
flowrate of 360,000 |bs/hr having an initial NO, concentration of 100
ppmis passed through convection section 13" such that the gas exiting the
convection section 13' has a tenperature of about 420F. This flue gas is
bl own b¥ fans 14 into and through deNO ,, reactor 10 nmounted in the stack.
Anmoni athesyisteny dfdheprésantinyentinn illbsimtaglds FAAD Bremplayed wherein HBusels Sloti e

cat al yt| fion of NO. .. t he ammoni a- cont aj ni n as passes .t hrough
a cat al 9@603@@9%5(%?1 ey IIEH% grgipLpn gﬂgﬁ) PPALIS\S d?"ﬁ"{g% CORVRCHPY st |
e.g., Ofection®® Budhi tha theIPRMkitingald Etvadtion 88stHond3%a4 AlténSRAGR of APRN U2 d°F: .

m sup. 3., .of, catal éfﬂt is required at the operating tenperature of 420F. The

treat e.dT]i*“IS due gasss lovin bygfaph B4 intanddhrough dgN@m@t&t Hemgunted inghpgackt ur e at
whi ch | AnRidr@] RhitdiBcdBARIARE 10 gas%ﬁ H?ovlé\gs ofor the Qetleecﬁtv% 91113.13790 peggét'o-ll}_%g thxe at ed
D & “tenperature 0

gas then enters heat recovery séction 15 whereupon t u t he
gas st rwhen ths amawnirecdntadning g pasees #i0izh Deatdigabed cantsifiep an 8C. catalyst fuehnace

feedsto A S eafter di arged fromthe st vi,a outl et . The
t r eat ed&g‘g’s 52?1(5&(:3 @P?’gﬁ §g&- oflradﬂ?s?‘glg(e ﬁ%‘?ﬂg Ravine af%f‘tc@%?‘ﬂé%&a‘ﬁgﬂ‘tﬁ cont ent
whi ch hmssupSeif catelgstde tbqbirediliabié o2 tefiPrSturd (Fl42D9FY erHeQrehiR8 100 Ex%ent ration
of NO, i.nt ue. g rior to treatment. |In contrast to the ampl e

fl
gi ven aBgves tﬁ}g fragtof Vﬁ%gg ut s spRgeRREARtus At tvbiph iGgntered ther prstor @nd basta A
SeCt i ONedr@AGLT bt VRGNS HisShdilentdiChdat HEo AP sdBoRPRLACKARIL 5 than

about 400F, e.g., to about , the reactor’requires a rvely large
cat al ysEMpe@tueplihe gas stsam istedueedsa 2A@°F. THISO°F. dadteartraistes, ergedo Girhae

achi evefle iy, dihg &S : j kon il lustrated. in the Exanpl e above
makes retr oofc?(ifﬁll nga{gﬁé}%{?ﬁ@graég? \(gl%q{ tlgggta?:%‘r’ll\%) H{I%olﬁalfhg frgagRd ngattnBﬁf 1ge

f easi bl Gomthestarktwilleypicallydtave p WG eonest Whichhah Hees adduenisby Al 9% bemakove

descri pt.i ontai ns _man i.fics, these specifics should not be

const r 512681%22 90 tlple concentgﬁw% O%Rﬁfx in the flue gas prior tg 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.




limtations on the scope of the invention, but nmerely as exenplif
of preferred enbodinents thereof. Those skl lled in the art wll %ﬁ%gﬁ%ﬁoos
many ot her possibilities within the scope and spirit of the invention as
defined by the clains appended hereto. 7 0 26 August 2005 Wat is clai ned

is: I - Asystemfor the selective catalytic reduction of nitrogen oxide in
a furnace flue gas stream having an initial concentration of nitrogen
oxide, wh ' ich conprises: a) a conbustion zone, a convection section

. positioned above the conbustion zone, and a stack positioned above the
convect Mgt iselaimerhis: b) a first heat recovery section positioned in the
convection section for reducing the tenperature of the furnace flue gas
streamexiting the conbustion zone to not |ess than about 400 -F., c) a

fan posl.tA eyvesin fowsdelfceaive @talytieretibdiivh o RRlbgbLSANEMA BREHEL Ak %a@ tr@l?l’{ ing
flue ga@g,f rom fhe convection section to the stack, d) a reactor for the
[

sel ect i V&AM concaitRtien Shnigpes exidsy shicheomerises: t he flue gas stream
posi ti oned 'z{) aﬁﬁ%bﬁ&%&oﬂ@%ﬁ@&ﬁﬂh Qetctlf)lt;'ﬁ?sflﬁ’tn{ed %?(hg tglf gOCI'BMS‘[II n%:olrnggér% % L d

injector for 'i ntroducing a reducing age gas s

cont ai n¥tfRk nesitioaedsabogen thersionyastjem sasipule conver si on  cat aI yst for t he

sel ective ¢ I ction.of nitrogen oxide in the ue gas ream upon
contact t h:ﬁ adfyr%¢1h6? {r%g {7 Fetion ?Séth‘}nsg"’gtag CAVEELan SBT’t“?"‘e‘{%’E?QH“‘ﬂg ogen

oxi de clempenturadf e ﬁjrﬁt)ceeﬂub reeatteAmgastine the asmsustibeborded QbR WhInCIb oL Mt ed
gas is scharged; and, f) a second heat recovery section positioned in the

st ack downstream of the reactor for reducing the tenperature of the

treated gas gndaf @Qo@vﬁsnteaﬁl Jf'tﬁesﬁrsﬂ%%freﬁﬁfé Seetorr fef .ogwse%gf pi pi ng

tie-in for permtting the flow of a fluid therebetween. em of
cl ai m 1o dhesonvegiion seatignyestheistack, particul ate. 3. The systemof claim |

wherein the gat@lystiol fe Sl 8RR chRiic 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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4. The systemof claim| wherein the catalyst is supported on a

structure. 5. The systemof claim4 wherein the nesh-1ike struct E?@ﬂukhi‘t%ﬂﬂs
conprises one or nore |layers of fibers, wres, netal fiber filter or netal
felt. 6. The systemof claiml| wherein the reduced concentration of
nitrogen oxide is at |east about an 8 0 26 August 2005 85% reduction
relative to the initial concentration. 7. The systemof claiml wherein the
reduced concentration of nitrogen oxide is at |east about a 90%  reduction
relativg togﬁhe initial concentration. 8 The systemof claim1l wherein the
r eact or 59% redyctien relative fmihe anitialmoncengatiothe system of claim1 wherein the
reactor is a parallel flowreactor. 10. The systemof claim1 further
conprising: d) a furnace which produces a flue gas stream contai ni ng

ni t r ogeh Dhe syetemdT claiihd vehesdie theabdigkdbonctfiratos b€ hitrokfiofide ﬁ%@ﬁa&t%béht a

hydr oca cki rnace .for producing olefin froma saturated
hydroca?@% ugg gag'ﬂ'e? WFE)‘HHE’@&"&%W‘Q‘he furnace. 12. The systemof claim

1 mhereln the fan is positioned between the convection section and the
stack s nd section, 13. A nethod for the selective conversion of nitrogen
oxi de i eﬁﬁﬂﬁ&&@chﬂﬂé‘ﬂﬁ#ﬂ%ﬂﬁéﬁﬁﬁnaW$ﬁ@ﬁﬂﬂnWﬂﬁwﬂHal concentration of
nitrogen oxi de conprising: a) providing a furnace system having a
conmbusti on zone, a convection section above the conbustion zone, a stack
posi t i ohekheaggiom of biaine d wheodin the remodriiomparalid flawfrasctd:or novi ng furnace flue
gas downstream fromthe convection section to the stack, the furnace system
having a first heat recovery section positioned in the convection section,
a reactbﬂ'Mmsyﬁmmnedamﬂlﬁhﬁws&@ﬁ isiglgwnst ream of the fan, and a second heat
recovery Secééﬁ@UgOSIE gned in the stack downstream of the reactor, the
second heat ¥ £ Whish Prosiceset thyp g9 shream cantginiss pimeeedxite t he f | rst heat
recovery section for transferring heat recovery fluid thereto;

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
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b) cooling the furnace flue gas streamto a tenperature of not |eggsal, 2005
about 400 F. in the first heat recovery section in the convection section
of the furnace system c¢) noving the flue gas streaminto the stack; d)

i ntroducing a reducing agent into the gas streamp 9 0 26 August 2005 e)
reacting the reducing agent with the nitrogen oxide in the gas streamin
the reactor at a tenperature of fromnot |ess than about 400 OF. in the
presence of at |east one nitrogen oxide conversion catalyst for the

sel ective catal ytic reduction of nitrogen oxide to produce a treated gas
‘havi ng a r edtideasting theaeducing agentoritmihe nopean oxiielay thé gam@hmmgt}teheactdraaﬁ ed

gas in l t ransf rr|n heat to a,

rec over{fﬂﬁjﬁéﬁgg Bﬁfr%ﬁ%‘i) {egsot%m%log ggﬁf d:o ‘n"h@g REREFE E’JVS?SyOIFET Qffraesny et he
second tmﬂbrsrommamﬁfsyfos ﬂﬁtsbk@mverbataﬂlﬁ]c r8diRGikn bPnitrbgenf dxtide to Pedfucé £HOMET Yas
section_ in the convection, sectl on of the furnace system 14. The nethod of

cl ai m 192Vt Bdnced fancenttion PL 0dFRESA OXIET on of nitrogen oxide is at | east
about an 85@%6&9@% Qéht&f i fh@gg(fbg?%bé%geéo% tsb&fbnhbg' kR el‘rm e to a heat

concentration, he met od of wherein t ced concentrati on
of ni tr@ﬁ%‘f?rbﬂp'deaﬂds at least about a 90%reduction of nitrogen oxide

nctudi g e orE ey SRR b0 g GeBRl PRt ror e o b1

i nt r odustack tb rﬂhed'n'sﬁceaf rgeo@eesectiopinabiel cenvadtionga@ion@reheufatdsylstedin t he
hydr ocarbon feedstock, wherein step (d) of cooling the treated gas reduces
the tenperature of the treated gas to not nore than about 350 F. and

conpri sks The arsiod dfichgm he afhefdiPiRe rbifictd &ﬁl%@tﬁraga§ of ﬂtrﬁ%& oixfxﬁg%f R ah%dtor to
i nt rodum%rls(é/t he feedstock into the furnace. step 1
Y

wher ei ners$p rqdustion of syspgen gxide selptiverta the lﬂlt@bc@a@t@tmmam conpri ses
transferring heat fromthe furnace flue gas to the feedstock prior to
i ntroducing the feedstock to the furnace.

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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18. The met hod of claim 13 wherein the reducing agent is ammoni a.
nmet hod of claim 13 wherein the step (a) of cooling the furnace flﬂ%25§§Q§005
streamis 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 nethod further includes the step of comunicating a heat recovery
fluid fromthe second heat recovery section to the first heat recovery
section. 10 0 26 August 2005 20. A systemfor the selective catalytic
reduction of nitrogen oxide in a gas streamhaving an initial

concentration of nitrogen oxide, which conprises: a) a first conbustion

zone an iL.rst.cagnvection ction positioned above the first . conbustion
zone, a?{%’?\r ésyts e[r)‘lrtfo efe%gé‘fe ?%@6&?&?9/“@8&9?6%05% ??‘@‘?eplﬁﬁg??étﬁéﬂﬂi‘%“’c% first
convect initial carentraionod hitfopehisting viieh sdiRREAt Ure of a flue gas stream
exiting the first conbustion zone to not |ess than 400 F.; b) a second
conbusti on zZBRdUg@Mbusiiansege arshy Best Fanyedimsedionpesitioneskabdvaitheisstt he
second gRMEH ya ' . A Vi . Seckion bein

Bosi 1 o e i e R el CH g S I o B Cond s ur e
of a f|igsligmr seducingtheenpergturdef stwognd streammistiting e fizarembastionzohe®hot han
400F. ; fégstg é&&fﬁ: positioned above the first and second convection
sections; 31 atréansition section for conveying flue gas fromthe first and

second convelgjta seeondseaibusish Zofle kitPa SdcafkéonSictdh sk@RA pofiienddaBoROBEt | oned
above the f(i'rst and second convection sections for noving flue gas streans

f r om t hEPIG MU REGrFETKMRIERIB healgeqavemsestindeipegionigipredsintasseranidowi ng
t hr oughcdnRectiha6dtionlfdr RAESAEHE Eerﬁ&?atﬁ%%f agi\}\ig ggé Nfeah® ﬁ{n%gﬁ sek&ficti on of

ni trogen oxide positioned in the ‘'stac treamo an, said reactor
i ncl udi FRybastipmIase tonotiless thant408&ici ng a reduci ng agent into the flue gas

3 L;?:B} ngt Cﬂ@ts?a‘cﬂ bBYtiGthed! 26854 thQ st Thd SRS XL IE RS ons;> ' ON catalyst

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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tenperature of not less than 400 F. for the selective reduction %6&5%&&%@@5
oxide in the flue gas stream upon contact therewth to provide a tredte
gas stream of reduced nitrogen oxi de 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 permtting the flow of a heat transfer fluid

t her ebetween. 21. A nethod for nodifying an existing conbustion system
wherein the conbustion system includes a conbustion zone, a convection
sect i onCHBIEX he conbustion zone, a first heat recovery system positioned

in the convegtj td.Qn: k..positioned, above the convection

secti on, andé:)afJ r&gﬁﬁg%sslhglﬂgﬁg(sjt%@%\?\%(gnnw@ﬁié "bcﬁur%%?:ffiagﬁr g ?38?111@?168 the stack,
the net teodvely st thegactbr RAGicOIPAthlybITor the 8dledive Cindlyiig relustitSdfiritdgen St ack
secti onowgi ct} includes a rea(ft or agd_ a second heat recovera@;@%em the

r eact or “HSRPEP ATRAPCNeAgEah 574 catalyst PRine sarted foperatea ng lpss ¢ F.ofpidf
nitroge&comh@erebbmyayﬁ@ﬁaaggo Sl abSR tHe fc3LB4;YSt being adapted to
operate at not |ess than 400F., said second heat recovery system being
posi tioned ablgvokitting thesubssitute ppck seciorf forthe exjstingeombhstiontsystem stecthatsbe t i on
to the [ -1 00 h.that. the . substitute stagk section
s posi frsny Rk SEMR Y B BhSy RINE Uk Brigh s SeishAet Ps Sem R R o)
connecti ng tdeosmsting thesatond deatveroyeryysyiten b thetfivet Hebt' 18tovRBAdysteRCOMIES Y
system '{nh tae_inpi ping tie-in. 22. The nethod of claim 21 wherein the
subst i t UPEEst*48k section further includes means for introduci ng a reducing
agent into a flue gas stream passing therethrough. 12 0

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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