; e3eLl $FZ\ 6TODIVVO 02/ 068095 PCT/ US02/ C6292 SYSTEM AND METHOD FOR THE =<
SELECTI VE CATALYTI C REDUCTI ON OF NI TROGEN OXI DE I N A GAS STREAM BACKGROUNDA™,

OF THE | NV 1. Field of the Invention The invention §sphates t
a systenwyﬁg;%§W'bd for catalytically reducing the contenﬁ@g§s5 h?trogen

oxide in a flue or stack gas, result| e conbustion of fuel in a
furnace 2 Description of the Rel at e@‘l\ﬂ@mmmmm conbustion of fuels in
various industrial processes often es undesirable 10 oxi des of
nitrogen (NOx), usually in the formof H™¥ic oxide (NO and nitrogen

di oxi de (NO2). Hi gh conbustion tenperatures tend to produce nore NOX.
Because NOx is harnful to the environnent, efforts have de to reduce
t he enission of hKﬁY$%E?a§§§ F BRIk eFPH T%ES%EREE%?Y%ﬂCﬁg% es i nvol vi ng
the conbustion of fREPUCHEPN ﬁl%ﬂ%ocggie@q%%ﬂ“{ ith T operation of
power plants, thermal cracking furnaces, incinerators, internal conbustion
" engines, netallurgical plants, fertilizer plants and chem cal plants. 20
Met hods for sEl N content of a flue gas are known.
CGenerally, such -1 WO 02/068095 PCT/ US02/ 6292 net hods invol ve the
reaction of 1 L0 Qhoptionally in the presence of a
catal yst. The sel ective non-catalytic reductio é"SNCR' of NOx with a
.reduci ng agent such asTéﬁnéﬁl"anb‘FOBrﬁﬁr?éﬂuF?g% &5 5t9 & BN a}ﬂ%h
in the range,of

tenperature, e.g., .
w me%hod for catalytically reducing the content of

5 nitrogen oxide in a flue or stack gas, resulting from

QT

*G00002*

the combustion of fuel in a furnace

2. Description of the Related Art

The combustion of fuels in various

industrial processes often generates undesirable

10 oxides of nitrogen (NO,), usually in the form of nitric
oxide (NO) and nitrogen dioxide (NO,). High cbmbustion
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

15 industrial processés involving the combustion of fuel,
particularly gases resuiting from the operation of
power plants, thermal cracking furnaces, incinerators,
internal combustion engines; metallurgical plants,
fertilizer plants and chemical plants.

20 Methods for selectively reducing the NO,

content of a flue gas are known. Generally, such

-1~



from about 1600F to about 2100F. Alternatively, the reduction of NOx with
anmoni a can be performed catalytically at a nuch |ower tenperature,

from abo O about 950F, in a ZO process known as sgi Q atélytlc
reducti o%?gg%&‘) . One problem associated with the treat n@g%d% 2% ue gas-

usi ng conventional SCR nethods and apparatus is that the weight and bulk of
t he equi pnment necessary 15 to achi eve satisfactory renpval of NOX requires
that it be located at ground |evel. Mny industrial plants need to be

retrofitted with NOX renD "deNOx") . order 0 neet t he
requi renents BELREAS 4PVP Q@n%h§o€§ﬁﬁﬁéﬂ ggﬁﬁaﬂfb W%ﬁ because of

20 the physical bulk of the tem |verted to
" ground | evel P&F“Fre&?ﬁéﬁpaégﬁ l“tﬁﬁﬁ §€ﬁF6588k°¥n?ocﬁt§¥§8t ?ubsequent

exhaust to the atnosphere. To ayoid the Iar ys m it
~woul d be hi ghP?lSG\FéHFaQQBUEEFBXEfFEJ\‘?l a&dHCt 3\0&8%0 88 5 2/ 05292

relatively lightweight deNOx unit which can.be incorporated directly into

t he stack. SUWNRR?UEFn?HEgFNVEﬂ?FENaFnaQ@88}aaﬂﬁeuﬁF h*tHE*prasént

invention, a 5 system.is vided for the selective, catal tlc r.eduction of
hegh g8

ni t Pogen oxi d&SHATAVELYn ghEMBEFatHrSndCcdnpr ieENCaf2BIF| P&t heat

recovery SeCtE%nggighkog%gokn #o° agoutag?gg Ehe furnace for reducing the

Alternatively, the reduction of NO, with
ammonia can be performed cafalytically at a much lower
temperature, e.g. from about 500°F to about 950°F, in a

10 process known as selectivé catalytic reduction
(*SCR") .

One problem associated with the treatment of
flue gas using conVentional SCR methods and apparatus
is that the weight and bulk of the eéuipmént necessary-

15 to achieve satisfactory removal of NO, requires that it
be located at ground level. Many industrial plants
need to be retrofitted with NO, removal (“deNOx”)
equipment in order to meet the requirements of more
stringent government regulations. However, because of

20 ' the physical bulk of the deNOx system, the flue gas
must be diverted fo ground level fbr treatment and .
then sent back into a staék for subsequent exhaust to
the atmosphere. To avoid the large cost of such a

system it would be highly advantageous to provide a



" various cat al

| 0 tenperature of the furnace gas streamexiting the furnace to not |ess
than about 400F; b) a reactor for the selective catalytic reduction of
ni t rogen g the gas stream positioned in the stack of the
first heé&é Sﬁggbvery section, said reactor including anﬁgﬂﬂgb 7% or
i ntroducing a reducing agent into the gas stream and containing at | east
one nitrogen oxi de conversion catalyst for the selective catalytic
reduction of nitrogen oxide in the gas stream upon contact 20 therewith to
provi de a treatedadtgarelst rldarhtofe ighductaNaH undderwhddhdecagodsent ration: ¢) a
treated gas streamoutlet through which the treated gas streamis

di schar ged; addcorporayed GR/mE8095 IPCH WhE2/stBx. d) a second heat
" recovery section positioned downstream of the reactor for reducing the
tenperature of treated gas. BRI EF DESCRI PTION OF THE DRAW NGS 5 Vari ous
enbodi ments of the reactor conponent of the systemof this invention and

3 e (T A oAbl e therein are described below with
reference to the drawi ngs wherein: FIG IAis a di agrammatic view of a
furnace 10 system of a Kmowedomumnasc oripdy ahieng ddsentedaiventiion,t @ st ack
section; FIG 1B is a side view of the furnace systemof FIG |A and, FIG
2 1 s a di agr agyattiet \lisewreofvialest dde Ihes yellemtfiore SE@R adgmder si on of NOX.
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS As used herein the terns
"stack" and "fdedeictdion wfed itwryamuicide iAlh quaniadd emsshawedrbe
understood as being nodified by the term"about” or 20 "approxi mately".
Conposi ti on peneericaged sese by wei ght unl ess specified otherwi se. The term
"nitrogen oxi de" as used herein
a) a first heat recovery section positioned

in a stack above the furnace for reducing the

10 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

15 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

20 therewith to provide a treated gas stream of reduced
nitrogen oxide concentration;

c) a treated gas stream outlet through which

the treated gas stream is discharged; and,



refers to any oxide of nitrogen, such as NO, NO2, N2O4, -4 WD 02/06809::
PCT/ US02/ 05292 NzO, and is alternatively designated as "NOx". The system

and nmeth shg2€ selective catalytic reduction of NOX Ly, enpl oy
anmoni a ggogﬁ%8¢§ducing agent. NOX reacts with amoni a iﬂ&?ﬂgggmb¥%sence of

a catalyst to produce nitrogen and water as shown in the follow ng equation
(not stoichiometrically balanced NOX + NH3 ~ Nz + H20 The reactor and deNOx
nmet hod descri bed 10 herein can be used in any application requiring the
treatnent of a NOx-cont d) nengetbné peasttoecedecy $estiNOx pevetiodggi cal
conbusti on equi pnment producing high | evels of NOx include power plants,
fluid catal yt HewasaekangofFERE regeneraforsreglabng fnematenspetdtennal 15
crackers, and the like. The deNOx nethod herein will be particularly

descri bed in g@ntuagtedngasth a thermal cracking unit for producing olefins
_(e. g., ethylene;, propylene, butylene, etc.) froma saturated hydrocarbon

f eedst ock such as et hane, propane, naphtha 20 and the |ike. However, the
react or and nmethod can be used with any conbustion equi pnment or process

whi ch gener at ga1grf brecaasTeoNt @irnTHE_DRAWSNGAbI e | evel s of NOx .
Referring nowto FIGS. | A and 1B, gas phase 25 deNOx reactor system 10 is
illystrated in conjunctiygiolls eMEb82mOARBEI6E PEHE USO2¢ 62 9omponent
of the system of this invention and various catalyst
arrangements employable theiein are descfibed below
with reference to the drawings wherein:
FIG. 1A is a diagrammatic view of a furnace
10 system of a kﬁown type incorporating the reactor in
its stack section;
FIG. 1B is a side view of the furnace system
of FIG. 1A; and, | |
FIG. 2 is a diagrammatic view of a stack

15 system for SCR conversion of NO,.

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 thg term “about” of
20 “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;, N,;O,,



with a thermal cracking systemenploying twin furnaces 11 and 12 having a
radi ant conbusti on chanber operating at about 2200F for the cracking of the

f eedst ock, surnace produces a flue gas which 5 exit 4 t hr ough
respecti \%Osﬁﬂgégﬂ{i S. Typically, the flowrate of flue gazp(itﬂﬁéeog@hg?t ack

ranges from about 100, 000-300, 000 | bs/hr. The flue gas typically contains
the foll owi ng conmponents: Nitrogen 60-80 vol 10 Oxygen 1-4 vol $ Water
vapor 10-25 vol Carbon dioxide 2-20 vol o Nitrogen oxide 50-300 ppm. The

flue gases exiN,bNgahBeibusnaeenat evéypi @dblynated dd temperature of about
1800F. Each stack includes a convection section 13 which includes heat

exchange equi pnent throuagle WiistRm Redf e haas rbs pAES8d1Eetiheat recovery
in which heat is transferred fromthe flue gas to the furnace feedstock.

The flue gas 2Qd)RitGR Inea@dtliont RE NONVEEEFOPalS tér@lcﬁ% SBHanRt ixenal :
_ stack systens at a'tenperature of from about 250F350F. However, the heat

recovery procege Hedu?@nkl @Rk . NOSNEEHBE & SwaEh Usinsh 10 f erede flue gas
tenperatures of not |ess than about 400F, preferably 25 from about 400F to

500f5 as expl yiednel ¥ aThathhyet- €o p\A@dQ%éOE$995?8§Téhl§02éé§292 gases,

of the separate stacks are then united and noved by Tan 14 into deNOx

system 10. Fansl4Hdier easene Fe1poessd equbtiba fthue gas for noving the gas
t hrough the deNOx system 10. 5 A significant feature of the present

invention is tdhaidhendeNdeanagchanasyegm 10 is nounted within the stack
and is positioned above convection section 13 and fan 14. This advantage is

achi eved by reducing thecegi zenand wei ght,®f the deNOx 10 reactor system
t her eby enabling existing furnace systens to be nodified by retrofitting

and avoi ding the nore cagid ¥ealdteyrmahnidvdefbxdime€hbdndestagkegas t o ground
| evel for deNOx treatnent. Referring nowto FIG 2, system 100 for SCR
10 herein can be used in any application requiring the
treatment of a NOx-containiﬂg flue gas to reduce its
NO, level. Typical combustion equipment producing high
levels of NO, include_power_plants, fluid catalytic
'cracking (FCC) regénerators, glasé furnaces, thermél
15 crackers, and the like. The deNOx 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
20 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, . |
Referring now to FIGS. 1A and 1B, gas phase

25 deNOx reactor system 10 is illustrated in conjunction

-5-



15 conversion of NOx is intended for use in conjunction with a furnace
system such as the thermal cracking systemillustrated in FIGS. | A and 1B.
However, | dance with the nmethod of the present inv i e
convecti3&8§%@§?%h 13 represents a primary, or 20 first, ﬁggFg?gE%@ery
section and is configured to cool the exhaust gas fromthe radi ant section
to a tenperature of not |ess than about 900F, preferably from about 900F to
about 500F. This range can be achi eved by the appropriate configuration of
cooling 25 coiWithi m thermadveckickingestistemoempipydnbetwini falrineces WO
02/ 06809, PCT/ US02/ 6292 net hod of adjusting heat transfer as recogni zed by
t hose skill ed 1iln atkle 12r havihg &l veddantatond0Bt500Fchamberven by one or
" nore fans 14 into reactor 10. The reactor includes an injection device 18
for 5 introducipegaaingdati apoage@R08dfhfas ahwporackimgapfatkgl am ne,
~etc., into the flue gas, and a catal yst bed 19 containing a catalyst for
t he sel ecti ve fieediscbictn oEaNBXfpresent pirndukesf buélgasgasThbicht al yst bed
can have, for exanple, a radial flow or parallel 10 flow configuration, and
cansi ncl ude aexdttsi thleaed roat &hysughnoespechivet akgsks 6k a mi croengi neered
catal yst ("MEC') supported on a nesh-1like support having at |east 85%void
space. The nedlypiicedlyuppbet fiwweriage of fRueMa@slincarghystaickc!| udes
fibers or wires, netal felt,netal gauge, netal fiber filter or the Iike and
can i ncl ude omangesmirem apeus. 10Re 008t-3I00Ps 000aAbEéhseat Ecodtlatet he mesh by
a variety of techniques such as dipping, spraying, etc., in an anount
sufficient to gashitewe calid y2@oddsiinsd tbenelddiowdngf CRORONANYEC cat al yst
suitable for use in the present invention is described in copending U S.
Pat ent application Seri ithogehi | ed July 31602800vead&r Attorney Docket No.
915000- 530, the contents of which are incorporated by reference 25 herein
inlttheir entirety. 8 Oxyg@n02/ 068095 PCT/ USA2V0B282 Reactor systens
suitable for use in the

Water vapor ' 10-25 vol %
Carbon dioxide 2-20 vol %
Nitrogen oxide -~ 50-~300 ppm. .

The flue gases exiting the furnace afe typically at a

15 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

20 ' 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

25 from about 400°F to 500°F as explained below. The flue




present invention include those disclosed in U S. Patent Application Serial
Nos. , and (Attorney Docket Nos. 1094-2, 5 1094-4 and 1094-5, filed

concurrer‘{,{%y,z/p&hg/vi th), the disclosures of which are i ncol;(pﬁp%g@gz y

reference herein in their entirety. The tenperature of the gas
exiting . reactor 10 is about the sane as that of the inlet gas 10 and
general ly ranges from about 900F to 500F. The Hi gher the tenperature of the
SCR conversion reaction, the |l ess catalyst is needed. Hence, significant
reducti on of dafeSsiofe tAyed SROgMt ofstanks ara drhagy sindfiadh achimamed desired
conversion of NOx can be achieved 15 by operating the reactor at

t enper at ur es bof farorhdabiado 4ENOx cywtf@m 1BDOF Faat Hekr ineneased dbe
" tenperatures. Indeed, the reduction of reactor size permits the reactor to
be positionegraistshine tdfe tdvehéfliste siaackf camanaabione tWenvgest itdiragrgiti on 13 and
~fan 14. It is 20 desirable to achieve at |east about an 85%reduction of

t he NOx cont ente efeNthe sfstergdd),. preferably at | east about 900 reduction of
the NOx content, and nore . preferably at |east about 95~ reduction of the
NO¥ content. -9 WO 02/ GAI0ET iRGHHIUSEX ROl rthac poredmte Wi th the system
and nethod of the present invention, a second heat recovery section 15

downst r eam ofi nivieg tdainaliy ithateatieordeNmt erealddrs gyrstfear Al isenpl oyed to
reduce the tenperature of the 5 treated gas, preferably to a range of from

about 250F t eo32@ed Waathireconersathdi @ifd hies tgsslehrgas sdvd ng reactor 10
can be used as desired and in the thermal cracking systemillustrated in

FIGS. | A and cHBvddt ikh adsitargadisnd used for meheatdvighddie figedst ock as
shown in FIG 2. Thermal cracking feedstock F is introduced into second

heat recover ygaEved bhb dediudirehagid ngi.ze Hand wericpMergf sdod ideNakb i ncl udes
one or nore heat transfer tubes 15a. Feedstock F flows 15 through tubes 15a

tagrecover heatadgcamdyia dn,eattrdgns endl ingy tdel steiany durkiacelher eaf ter,
feedstock F passes from heat recovery section 15 and is conveyed via piping
tie-in 15b t @yidtrerid rtsd deatodistioserhy seetsof tiirgy ,ambraecitdiony section 13,
for further
the more costly alternative of diverting stack gas to
“ground level for déNOX treatment.
Referring now to FIG. 2, system 100 for SCR
15 conversion of NO, is intended for use in conjunction
with a furnace system such as the thermal cracking
system illustrated in FIGS. 1A and 1B. However, in
accordance with the method of the present invention,
the convection section 13 represents a primary, or
20 first, heat recovery section and is configured to cool
the exhaust gas from the radiant section to a
temperature of not less than about 400°F, preferably
from about 400°F to about 500°F. This range can be

achieved by the appropriate configuration of cooling

25 coils in the convection section or any other suitable



20 preheating. Feedstock exits convection section 13" via line C for
transfer to the thermal cracking furnace. Construction and configuration of

t he heat _section 15 to achi eve the desired reductj -
t enper at U G5 L7 the skill of those with 25 know edg%bﬁﬁswé‘”azrt. The

treated exhaust gas exits -10 WO 02/ 068095 PCT/ US02/ 06292 system 100 at.
outlet 16 at tenperatures typically in the range of from about 250 to about

350F. Th t h in_i t f trofitting. existi f
systems with BS6Paakos PEABELNoBheRbyFRATATERaFP FOFPRBRZOR Bk oxisting
ti doywn n of t i ted_int ool th
eactor size FEGAPr SHoMEdoah bRl Bihced Pd Thircdss thel PEEIENI R y of
" such a system,. The downstream portion_of t convection section 10
SE aﬁ%F aPF|f@

functions as REafri¥EBHvEYyOCBEcPFoMCIS. L3R 8 PEFD strates. the

deNOx system and net hod of the present invention. EgAgPLE'The system of the
' present i nventR8RtOTSINFLUEEFaRBIINACERFEPN IR ¥R ByED wherein a flue gas

flow rate of 360,000 I bs/hr having an initial NOx conceptration of 100ppm
i s Ppassed thr dn§Koduaiast Rokedueingnagsnt Bl A%t BRRNHAs ¥&FRing the
convection section 13' has a tenperature of about 420F. This 20 flue gas is
bl own by fansalkylnesiasd ehceughnieNtRerEheeodaso ABdAn2e@2talYHe stack.
Amoni a is introduced into the flue gas and provides for the selective
catal ytic redbedi 39 cbnK@Xnihgnat satakwshi desnthenFAgeghsvpasses through a
catal yst bed -11 WO 02/ 068095 PCT/ US02/ 06292 contai ning an SCR cat al yst
such as V205/ Fed2ctdabal p$t NOg. present almesie | § ke safpor tThravatglats east
85% voi d space. About, 12nB8 of catalyst is required at the operating
t enper at ure obed2@En Theelr darcdxbinpéegas radial flow or parallel
10 flow configuration, and can include a particulate
catalyst, monolith catalyst, or a microengineered
catalyst (“MEC”) supported on a mesh-like support
having at least 85% void space. _
The mesh-like support material of the MEC
15 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
20 desired conversion of NO,. A MEC catalyst suitable for
use in the present invention is described in copending

U.S. Patent application Serial No. filed

July 31, 2000 under Attorney Docket No. 415000-530,
the contents of which are incorporated by reference

25 herein in their entirety.



5 exiting the reactor is at about the same tenperature at which it entered
the reactor and has a NOx content of | Qopm The treated gas then enters
heat recove ction 15 whereupon the tenperature of th mis
reduced t'9 ﬁéﬁéafo 350F by heat transfer, e.g., to 10 furﬁgggyﬁee St ock,
and is thereafter discharged fromthe stack via outlet 16. The treated gas
at discharge fromthe stack will typically have a NOX content which has
been reduced by about 90% or nore relative to the concentration of NOx in
the flue gas prior to 1Beactatnenstemsn swhtakbt far tuse Evaypee gi ven above,
in a typical conventional system wherein the convection section reduces
the tenper at upeesént hienventigasinolagpretoshldisdoseachdm db8ut 400F, e.g.,
to about 20 350F., the reactor requires a relatively large catal yst bed

vol une, i.e. Pab@ut BPpBicaheon ederoal sNee. reduction achieved hy the system
of the |nvent|on i'llustrated in the Exanpl e above nakes retroflttlng a

" stack reactorand a _conventional stackAsystrey Docket NS.020848095

PCT/ US02/ 5292 feasible alternative to otherwi se costly nodifications. Wile
t hesabove dest0? 4t oandohf adns, nhihyed peendurrenttiie serepddihd i cshehoul d not
be construed as limtations on the scope of the invention, but nerely 5 as
exenpl i fi cat i dhscbbspres epf edhb@ibodi ereineorprratsfd brhoedesienkeed in the art
wi |l envision many other possibilities within the scope and spirit of the

i nvention as defehedibythéircéntbsetppended hereto. -13 WO 02/ 068095

PCT/ US02/ 06292

The temperature of the treated.gas exiting .

reactor 10 is about the same as that of the inlet gas

10 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, significant
reduction of the size and weight of the reactbr-syStém '
to achieve.a desired conversion of NO, can be achieved

15 by operating the reactor at temperatures of from about
400°F to about 500°F rather than at lower temperatures.
Indeed, the reduction of reactor size permits the
reactor to be positioned within the exhaust stack and
above convection section 13 and fan 14. It is

20 desirable to achieve at least about an 85% reduction
of the NO, content of the flue gas, preferably at least
about 90% reduction of the NO, content, and more
preferably at least about 95% reduction of the NO,

content.



VWHAT IS CLAIMED I S: 1. A systemfor the selective catalytic reduction of
nitrogen oxide in a furnace flue gas stream having an initial concentration

of nitrog@dy?zz(mg&gsde, whi ch conprises: a) a first heat rec%ﬁé’ozfogﬁgi on

position Stack above the furnace for reducing the tenperature of the
furnace gas streamexiting the furnace to not |ess than about 400F;, 10 b) a
reactor for the selective catalytic reduction of nitrogen oxide in the gas

stream positioned in the stack downstreamof the first heat recovery
section, said reactor iHtIAFFEHFHTS ﬁ‘jlgg‘t(‘i eféﬁ'sitﬁf“r&?&cf“r?éh cf cﬁci ng

agent into the gas stream 15 and contai nin t | east one nitrqgen oxide
o 3 v end A, freat oy

conver si on cathf yREesHt (I LU Qi Fe SESCH r E§GOVESH SF S bgen oxi de

in the gas stream upon contact therew.th t orpro¥i de a reaé_teéd .gas stream of
reduced ni t r ogeriOR e B ntthis iSGTa L6 16) T3t ééf_s(t’jﬁgl r éam out | et

t hrough which treated gas is discharged; and, d) a second heat recovery
" section posi tREHERE RWASIRLANSSH ttoné:getdé‘é:@t G%ef gF“‘P&&&%Hﬁ& e Tenper at ur e

of the treated gas. -14 WD 02/ 618095 PCT/ US02/ (%5 92 2... Th t.em of
cldm1 furtHeFe3tRY A Frg REST Yort® Rak3h§&i Cirohdr™ r"i‘thHZ" 2% ck between
the first heat recovery section and the reactor. 5 3. The systemof claiml
wherei n the seom Heat recovery section is connected to the first heat

ho catal yat 1o a part HARGLEECAEEed £xptl this ERRSE o Ba el R n ¢ he
Caﬁalyst s aréggﬁglt{b can be used as_desired and in the thermal
cracking system illustrated in FIGS. 1A and 1B, is
10 advantageously used for preheating the feedstock as
shown in FIG. 2. Thermal cracking feedstock F is
introduced into second heat recovery section 15 for
preheating. Heat recovery segtion 15 includes one or
morelheat transfer tubes 1l5a. Feedstock F flows
15 through tubes 15a to recover heat from the treated gas
exiting the 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
20 preheating. Feedstock exits convection section 13' via
line C for ﬁransfér to thé 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

25 knowledge in the art. The treated exhaust gas exits

-10-



& The systemof claim1l wherein the catalyst is supported on a nesh-1like
structure having a void space of at |east about 85% 15 7. The system of

claim1l W@ rei he reduced concentration of nitrogen oxigeriS)fksadeast
. . h 02705292
about an §9§$§@%btlon relative to the initial concentratloﬁb§-15 WO

02/ 068095 PCT/ US02/ 05292 8. The systemof claim1 wherein the , reduced
concentration of nitrogen oxide is at | east about a 90s reduction relative
tothe initial concentration. 5 9. The systemof claim1 wherein the
reactor is a gadtah fbowateaatoet 16. atheespstretuakscigpicadlifyedei n the
reactor is a parallel flowreactor. 11. The systemof claim21 further 10

conprising: dina bHRHacerwWireh pbeduces0d tbuebgas 3B60Em cont ai ni ng
" nitrogen oxide. 12. The systemof claim 11 wherein the furnace is a

hydr ocarbon cracking fuppaceykeenlhepeadusisngdohatigebuemarsat ur at ed
hydr ocar bon feedstock introduced into the furnace. 13. A method for the

" selective conyggshentffing tkegenngxicdenhBed shutaase wikhe agatagkr eam havi ng
an initial concentration of nitrogen oxide conprising: -16 WO 02/ 068095

PCTéUSOZ/C529Ze§Et899|iBQ hBe ihyr BagRalilupogas ost bEa@nt @xd stamper at ure of
not nore than about 400F; b) introducing a reducing agent into the gas

stream 5 ) EEAGEERIohhEyedHC HRGNBEeBEMMOEN at Re aRitrogeise@Xxiede i n the gas
stream at a tenperature oy fromnot |ess than about 400F in the presence of

at |east one BLtEOYRR QXad&,CRMLENSaRR oFaldlzys irelq@ri reenis ealn e catal ytic
reduction of nitrogen oxide to 10 produce a treated gas having a reduced

concentrationrghEgghrgge&nQ%%g%é and rdh=G0ahiitg e sucpntedydasm.14. The
nmet hod of claim wherein the reduced concentration of nitrogen oxide is
at | east ‘The downstream portion of the convection section

10 functions as heat recovery section 185.

The Example below illustrates the deNOx

system and method of the present invention.

EXAMPLE
The system of the present invention
15 illustrated in FIG. 2 is employed wherein a flue gas
flow rate of 360,000 lbs/hr having an initial NO,
concentration of 100ppmfis passed through convection
section 13’ such that the gas exiting the convection
section 13" has a temperature of about 420°F. This
20 flue gas is blown by fans 14 into and through deNOx
reactor 10 mounted in the stack. Ammonia is
introduced into the flue gas and provides for the
selective catalytic reduction of NO, when the ammonia-

containing gas passes through a catalyst bed
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15 about an 85% reduction of nitrogen oxide relative to the initial
concentration. 15. The nmethod of claim 13 wherein the reduced concentration

of nitro ' is at |east about a 90%  reduction of ni j,de
relativeqfﬁog@hﬁﬁb initial concentration. 16. The net hod %@Hg§%#§§?3
further including the step of thermally cracking a hydrocarbon -17 WO

02/ 068095 PCT/ US02/ 6292 feedstock introduced into the furnace to produce
at 'l east one olefin fromthe hydrocarbon feedstock, wherein step (d) of
cooli.ng the tceatedngng andGEBscahalyshpewnahur® ¥Os{haO: reakdfas to not
nore than 5 about 350F and conprises transferring heat fromthe treated gas
to the feedstecl.prbaratmeshtiodacsngpohe heeiRgoek leadtthedfviehdce. 17.
The met hod of step 16 wherein step (a) of cooling the furnace flue gas
stream conpri spacé0 t Rbostellmhg heztdlnmn tire faquiaasd Atudhfas to the |

f eedstock prior to introducing the feedstock to the furnace. 18. The net hod
 of claim 13 whpeebnihhetemrgeciangragefit 426°Bimuobha. trastednfbyaagaige. Ae. A
y. A9. A A A A% AR A9uy. Au. A9. As. A& . A

.AngFj*]KRU_gﬁ%ﬁxngtehe‘EthabmaEsahtabbaptatba]ea?eat?maféa}éé?ca]ca]ca]c
a] ca] ca] ca] ca]ca] ca] c”a] ca] ca]calca]lc”alc”ha]calcalcTalcal x3ep E KL$' 1@ ?
N z at which it entered the reactor and has a NO, content
{vqgl gb] X]] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] calcalopphcal chlcalreated gas then enters heat recovery

section 15 whereupon the temperature of the gas stream

is reduced to 250°F to 350°F by heat transfer, e.g., to

10 furnace feedstock, and is thereafter discharged from
the stack via outlet 16. The treated gas at discharge
from the stack will typically have a NO, content which
has been reduced by about 90% or more relative to the

concentration of NO, in the flue gas prior to

15 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

20 350°F., the reactor requires a relatively large
catalyst bed volume, i.e., about-54nﬁ. 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
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, Z@=d"0] +18;
FU vpke] [ V] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] c”a] ca] ca]
cal ca] ca] ]0 (] o) ] ca] ca] ca] ca] ca] ca] ca! \vOy| wr mhe”Y] c] ca] g Jpal ca] cal
cal ca] ca]‘iguf aSPca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cafca/?cazftﬁa] caJ ca] ca
] cal Q‘ #Y F ~
L "#1 #u##| $3$% % val gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU]ca! 5% %84 &&n' "' "’ (*
(L(((((3)])?* yfensible cabtermatival ve | orhedd Jasida] oapd4licakdahsa] cal] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! W
----- "..'//)0000&1. 111: WWhile the above description contains many
©1J1111292333[ 3333344| wr |l gb] X] ] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] cal ca] ca]mcral]nta:]ca]m@i]eaimaq"cé}@a]si‘ai]tda:] cetc dec gon55558E6BE667778882
9e99994: j :

;| wr mhe”Y] ] ] ca}%:lal]t@t}b@]%a@@al}lc%t] zedre] eh|td cla]‘(%]téapaa])cla] ggredycal cal cal

ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca!;

; %sSY<a<d<nk} <& oD 2010 IARAERARV Frhwdieaisc Abpegpéa] ca] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca) ca] ca] ca] ca] ca] ca ca] ca] ca] c"a] ca] cal] ca] ca] ca] ca]
ca] ca! @AHAABUEBBEB €HGAT) BhODDGER FRF R iGHQIGraenYqle§bEeX] ] ] ca] cal cal ¢
a] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ceoyE piHHH-RS AV th IR PISI$9erE ledd 19PiGAEK OFGERG! gb] X] 1] ca] ca]

ca] ca] ca] ca] cal] ca] ca] ca] c&p(] cal ca] /&ié:a] ca] ca] cal] ca] c%])eca] ca] ca] caJcalc

a] ca] ca] ca] ca] tayenyHER189cRe f1ne@hpokiee (§Llaimy EpRepdeg

@O0%& ()-sf10%08& ()-10%& ()-FjaB L 10% & ()-y!ilL

109& () -yV 10908 () - #10%0& () - 9y10%0& () -

S10%08' ()-*] dEf 210%0& () - S010%0&" () - 3. 10%0&' () - 3s, #10%0&' ()- s5$° 10%0&' () -
L"t $10%08& () - KOPQR uj _@0%& ()- 100 100 1009; 10%0& () - S8' 10%0& () -
1\3°6$10% OO’ ()-410%08 ()- _nCxaBj _@! 10%& ()- Lyl0%& ()-L10%& ()-!D
8109B<8<& () - 9IMLO%& ()-! 10%& ()-x3epdEj @ 10%& () - 9S10%& () -
"LL0%& () - LY 10%& ()-fGLO%& ()-Ls10%& ()-p E KdEj _@."10%& ()-

sf &s10%&' ()-3" " $$10%<& ()-sl " 10%&'()-51‘ 10%<& ()- L10%<& ()- KL!"#dE:/
10< 10<9<10%<& ()- 610%& () - |
10%<& ()-210%<& ()-010%<& ()- 33910%<& ()-MES1@xY: /| 10<109% & ()-9
109 & ()-"10% & ()- 10% & ()-110% & ()-10% & ()- 10< ? Nz dE/
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10<&! 109 & () - F109% & ()-&10% & () 10% & ()- " 10% & ()-10% & ()- , ZdE:/
10<"" 109 & () - 9%#10% & () - #, 109 & ()- ! YI0% & ()-1109% & () - 10% & () - @DEF
GIYNC 105y . 10" )

109% & () - ség?/ 10%% (). 410% & ()-" 2310% & () - 90g#10% & () - CANBRIAEE22

10<! M10%008 () -
#109%&' () - 9- 10%3&' ()-9' 10%08 ()- 10%0& ()-s! 10908 ()-~0] n_=YNC 10<! 93"

"10%008&" () - 093'am 1094 7 ; i
10908 ()-!'Vv'l = 910%0& ()-2z1z[ <YNC 10<810%%' () -
96GL0%0& () -! $10%&() -$10% & ()- 1.s*10%00& ()-s*109& ()-15678FUbC
10<F 10% & ()-s@O0% & ()1- I 109% %6% £°€) Toéeééétide& %3C NvdEbC
- 10< F 109&&f() %}0%& f&10W & ) 3I"éOW &' @ﬁ096&f&) sLNﬂO@&&f() dEbC
10<s . y#10% & (O™, «&'0 7 @0/&335& Juhact e
OWQ&T() 9"10f% /3&f&% <s7#10W & () - 9610W &f() FA10% & () -
' 3910% & () NQ& &apf concent ation of nitrogen
10<%3"10%MUUU& g) A&h()-'lo%&'g) 109%&' ()- 10( 10( 10(& 10% & () - mLBb@@
10' TO%& ()- ! %ﬁ’! | &OMBEOSES() - 1 Co109PP& () -
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;
10 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
15 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;
20 : . c)- a treated gas stream outlet through which

treated gas is discharged; and,
d) a second heat recovery section positioned
downstream of the reactor for reducing the temperature

of the treated gas.
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1:3"10%& ()-!d3"10%g& ()-LSz[<1@ 109@

10((%)&' §) -53%$10%& () -!>s3$10%e& ()-!9s+$10%& ()-! 9s+$10%

& ()-) 109 N 10% & ()-10% & ()-10% & ()-10% & ()-! 0% & () -
10 107 #YSEMGOF%% 1006 & ()-110% & () - 10‘V&'(§)@0(V&'8 %‘&’/%%fﬂ’%zf%V&'(Q
F ~ LIIdENN 10% - $10% & () - %40% & () -

#@FL0% & ()-!:10% & ()-510% & ()-10% & ()-1Q"""""""bC

1098 10%<& ()-10%& ()- 10° 10" 10y |

10% & ()-7$10% & () -/ S18% &'()The#ﬁ#@##maébelﬁe%io&&&*tb)erl 109%<& ()- !; -

10% </ <& ()-Lyl09%& ()- 9 10%& ()-& 109%& () - | $$$90% WeELC 1
109R#- #1oqg&}%yclud1ng at least one fan positional in the stack

1 109%<&' () - 10%<& ()- L10%& ()- L10%<& ()-!10%& ()-% &&n'"'" ' ' dYNC 10% 10<
10< 10<S; 10%<Betyeen10be &Ly st1bers e-’)ecgvsxwos&t?(c;tonsm@oq'/@()
C U (*(L((JEYNC 10% F" 10944& () -
10948 () - &1098e43tA0%&' () -S10%44&' () -! 1094 ()-((((3)j)?*dEYNC 10%
81098 () - " 10948 () -
5 3. The system of claim 1 wherein the

second heat recovery section is connected to the first

heat recovery section by a piping tie-in.

4. The system of claim 1 wherein the

catalyst is a particulate.

10 . 5.  The system of claim 1 wherein the

catalyst is a monolith.

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

a void space of at least about 85%.

15 7. The system of claim 1 wherein the
reduced concentration of nitrogen oxide is at least
about an 85% reduction relative to the initial

concentration.
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&S10%1&' () - 109H& () - 109H& () - 109%&' () - ?*y*G++&, *, +,,, -, dYNC 10% 10H 10H
10Hf ;
10944&' () - L/ :0%@%6‘% ()-& "10%4& () - L% 0%& () - $$10%4& () - -, i,CHUSM-/d\D/lz@lBYNC

10% " #109 %40%00& () -1 10%0& () - 10%0& () -

10%0&' ()-s!10%0& ()-MW---"..dEYNC 10%&L10%0& ()- F"10%0& ()- @O0%& () -
T1090& () - Y1098 () -109& ()-.'//)00&1+1, 1-1dE:/ 100

100 10908 () - 9Y7- #1098’ ] ) - The system of claim 1 wherein the

"y 10%08' () - & - S10%08 () - 39%0%0%' () - y#9$10%08' () - -1.1,1311112xY7/
10! #9409’ () - HebacRd )COnsavias: (i)orB 4El 0%kt dgen loMi%ed'i(s) at0%ed'st) -
100292333[ 333dE7/ 10! #% " 10%& () - 10%& ()-

1098 () - 85 L0 20 T & dJud th &e(lat 1383445550 Enfi t103 10<&;
10%& () -, 2MLO%&’ () - 450" 10%<& () - 3' SLO%& ()- % #10%<& () - |
$@O0%&’ () - 55EAARAGACETL <" 1008 ()- &L10%& ()-: &L0%&' () - 3&f 109%&' () -
1109 ()- 10% ()- 10<67788829dE:/ 10<' 10%& ()- GLVAOYE: () - -

* 8$10%& () - S910%& () - 9SHI0%& ()- 9109%& () - 29e99994: j : dE: /

10<3109%& () - 31910%&' ().- F/ YLO%& ()-F-f 10%& ()- + 10%& ()-3) 10%& () -
jiis i bC 9. The system of claim 1 wherein the

reactor is a radial flow reactor.

10. The system of claim 1 wherein the

reactor is a parallel flow reactor.

11. The system of claim 1 further
10 comprising:
\d) a furnace thch produces a flue gas

stream containing nitrogen oxide.

12, The system of claim 11 wherein the
furnace is a hydrocarbon cracking furnace for
15 producing olefin from a saturated hydrocarbon

féedstock introduced into the furnace.

13. A method for the selective conversion
of nitrogen oxide in a furnace flue gas stream having

an initial concentration of nitrogen oxide comprising:
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10<s10%& ()-! 10%& ()-10%& ()- 10 10 109; 109%& ()-510%& ()- :;T;;;; %<dEbC
10<10%& () - MLO%E& () -" 10%& () -

z10%& ().- WM& ()-910%& () - IKY<N<_< <a<} <<<hC 10<910%B& L) <anrl<

10968 (§ )W%%‘{%% )10b&@ 10%& ()- 10%& () - <<=8=d===dEbC %ﬁ’?fé?zidda/%
10968 ()- yMLO%& ()-s910%& ()-"
10<L ! @0%& ()-LY@0%E& ()-9S@0%& ()-L GLOY%E& ()-&Y3" 10968 () -
Lf g1096& () ->???@ @RAIELC 10<9" 3" 10%6&’
9US1096&' () - & ##1096&' @)-

0958& () -
& ()-Y

109%& ()- " ysl0%& ()- ==>D>y>>>dEbC

()-110%& ()-9y/ 1096& ()-s-$109%B& () -
VEQACEO NS Ops! SLOoRE LP-810%1& () -

105 105 105S: 109%& ()-9S5Z 10%&' () - 2AHAABUBBNCzX6b@ 10! 0& " 10%HOH&. () -
1 L9A0%HHE! () -HemPerEieH® { )naty mapng-dran) abogtO%AREE () - &
F10%4& () - mCr CsCt CuCCCCC_@ 10! 0s109% & () -! &s10%z& ()-110% & ()-10% & () -

10H

10

15

20

b) introducing a reducing agent into the gas

stream;
. €) reacting the reducing agent with the
nitrogen oxide in the gas stream at.a temperature of

from not less than about 400°F in the presence of at

least one nitrogen oxide conversion catalyst for the

selective catalytic reduction of nitrogen oxide to
produce a treated gas having a reduced concentration
of nitrogen oxide; and,

d) cooling the treated gas.

14. The method of claim 13 wherein the
reduced concentration of nitrogen oxide is at least
about an 85% reduction 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
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10H 10Hf; 10%4&' () - C)DrDDDD6E}’\< @10'0I L& 10%&"&" & ()-&

109&' () - 10@6&.()-'510@6 & ()-1Q10%"& ()-x10% & () - 6EEEZFFFFFFzodY:

10 10%&\%) 02/}]9 CTAUS 9

10" : 10% &¥P) "33&10% & ()-1 Q8 @10%+& ()-! Q% @10%" +" & [V PFRIRG HHn<

dY: 10!'!O0#10% (& ()-'e9"10% (& ()-

y10% & () - fle@&&.() Z'z10% (& ()-'210% & ()-wHHHH&I Al | a?dY:

10M 11 +GLO% (& () -"' T10% & () -% 10% & () - #410% & () - yllowﬁ&.()-'#lowb

& ()- 111 IHIM MEIFRIDNC itdidddubed ittol@he; furnace to produce at

10% & ()-710% & ()-5910% & ()-1z10% & () -/ GLO% & () - PJ] JI JJ9KKKA2YNC

10!!&410%&!()-Méﬂ@ﬂi&ﬁﬁ(dLéﬂ@%l&%%m&thb—ﬁyﬁe&%étbohlﬁgaﬂétoéﬁ%&f()-KTLLLLL}A

" ?YNC 10!! &4109%&' () -; 109& () S& 10%&' ()-$10%& ()-!C9$10%

& ()-l49$10%/\m&e(z)em\l@uw (d)Heddicog 118 cthe Hondatgd 2ghs " redgadisng 33] c”
"Headi ng 43]c" "Headi ng 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
" Headi ng 93] c'the’ DimpdratidateagirapheFORELEEd gas to not more than

7$,)-.27 9=t @OGQ NPRTVXZ\ ~" bdf hj | npx 5%WM 4; @ych <=>?@A\BC_xpK#

G 1! " | $% ( ?* -abdut B5IBE29ha: %ﬁp?@é@ﬁgﬁﬁﬁ%ﬂﬂ@ﬁw JEESACERERSTUVWKYZ] \

1~ abcdefghljkInnopqrstuvmuyz{|6T|nes New RomanAri al Couri er New'h Root

Ent r yWor dDocuriilated 'ga&%d&d )he, feéa$23656§§90r to introducing the
<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

feedstock into the furnace.

17. The method of step 16 wherein step (a)
of cooling the furnace flue gas stream comprises
10 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.
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