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[ 0001] Thwopsasisng | nvention relates to a process for red®CTAFOs/ESNOX
concentrations in waste gas streans génerated by conbusti on processes. Mre
particularly, the present invention relates to a process for reducing NO,,
concentrations in waste gas streams by contacting the waste gas streamwth
a reducing agent selected fromamonia and urea. Sodiumchlorite is then
m xed with the %IRA@HQN@EMX’&WITHHGSDDIIHWGBH@@MW that the sodium
chlorite m@mmﬂmmmmmtmmmnw)mm RLPIE6Eisg N the
waste gas streans to higher oXIdes. BACKGROU ; ON-[ 0002]

I ncreasingly stringent governnent regul atory em ssion standards have
forced refiners to explore inproved technol ogies for reducing the
concentration of nitrogen oxides (NO&) in em ssions from conbustion and
product i 1OX i ous technol ogi es have been devel oped for
reduci ng nitrogen oxi des em ssions from conbustion and production
effluents, such as for exanple, United States Patent Number 3,957,949 to

Senj o, , Pt nber 4 t.Q.Vicard et al.
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herein by reference. After the Lyon
concentrations in waste gas streams by contacting the waste gas stream with a

reducing agent selected from ammonia and urea. Sodium chlorite is then
mixed with the waste gas streams generated in a manner such that the sodium
chlorite oxidizes at least a portion of the lower NO,’s present in the waste gas

streams to higher oxides.

BACKGROUND OF THE INVENTION

[0002]  Increasingly stringent government regulatory emission standards
have forced refiners to explore improved téchnologies for reducing the
concentration of nitrogen oxides (NO,) in emissions from combustion and
production effluent streams. Various technologies have been developed for
reducing nitrogen oxides emissions from combustion and production effluents,
such as, for example, United States Patent Number 3,957,949 to Senjo, et al,
and United States Patent Number 6,294,139 to Vicard et al., which are both
incorporated herein by reference. Further, it is known in the art to reduce NO,
concentrations in combustion effluent streams by the injection of ammonia, and
one such patent utilizing this technology is United States Patent Number
3,900,554 to Lyon, which is incorporated herein by reference. After the Lyon
patent, there was a proliferation of patents and publications relating to the

injection of ammonia into combustion effluent streams in order to reduce the



patent, there was a proliferation of patents and publications relating to
the injection of ammonia into conbustion effluent streans in order to
reduce thwow®1086403808 PCT/ US03/ 14653 2 concentrati on ofPC@So3/s46585uch
patents include United States Patent Runbers 4,507,269, Dean et al., and
4,115,515, Tenner et al., which are also incorporated herein by reference.
O her patents disclose the use of amonia injection based on the use of
kinetic nodeling to determ ne the anbunt of anmonia injected. Such patents
include United States Patent Nunmbers 4,636,370, 4,624,840, and 4, 682, 468,
all to Dean et al., and all of which are also incorporated herein by
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t he regenerat gas of “a fluidized catalytic cracking unit, remin a
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fluidized catal ytic cracking (E)r ocess units | ncorﬁ)(gr abe wet, gas scrubbers to
effluent streams in order to reduce the concentration of NO,. One such patent

covering this technology is United States Patent Number 4,208,386 to Arand et
al., which is incorporated herein by reference. A study by Kim and Lee (1996),
incorporated herein by reference, published in the Journal of Chemical '
Engineering of Japan, "Kinetics of NOx Reduction by Urea Solution in a Pilot
Scale Reactor”, Journal of Chemical Engineering of Japan, Vol. 29, No. 4,

1996. pp. 620-626, shows that urea dissociates to ammonia and cyanuric acid
(HNCO) and that both of these act as reducing agents for NO in two

interrelated chains of free radical reactions.

[0003]  However, effluents released from combustion units and production
streams, such as the regenerator off-gas of a fluidized catalytic cracking unit,
remain a source of NO,’s in the refinery environment. In most refineries,
fluidized catalytic cracking proceés units incorporate wet gas scrubbers to
remove attrited catalyst fines. These wet gas scrubbers give the refiner the

~ added benefit of reducing, to a degree, NO, emissions because wet gas
scrubbets also scrub NO, from the fluidized catalytic cracking process unit’s
waste gas streams. However, the use of these scrubbers is not entirely effective
in reducing NO, emissions because in existing scrubbed and/or saturated gas

systems, such as wet gas scrubbers on combustion units like the fluidized



renove attrited catal yst fines. These wet gas scrubbers give the refiner
the added benefit of reducing, to a degree, NO en ssions because wet gas
scrubber swalosaomses ub NO2 fromthe fluidized catal ytic cra®kirnpopr4seEss
unit's waste gas streans. However, the use of these scrubbers is not
entirely effective in reducing NOX em ssions because in existing scrubbed
and/ or saturated gas systens, such as wet gas scrubbers on conbustion
units like the fluidized WO 03/103808 PCT/ US03/ 14653 3 catal ytic cracking
unit, the off-gasses typically contain NO and NO2. NO2 can be renoved by
scrubbi ng, but NO cannot. The fact that NO can not be renoved by scrubbing
is a probl em because the majority of the NO,'s_ contained in these waste
gas st roataigpti¢ erankingranit,akeoff-gasseshtypiwd]ly conitaint¥e angiNgas N§P» ed1x | ui di zed
catal ytic cracking unit sent t he S scr er_ar typi cal |y about
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t echni ques ‘oxl.dize B ' ' r | t t echni ques have
been ng?mﬁivfaagyrﬁc@é%ﬁ%gﬁiPgoﬁﬂ%}gls@cg@&ttﬁgﬁﬂgﬁm gﬂfeilse Iﬂ?é% t oday i nvol ve
cheni calod il in theseHvaStetads Qdamhs IS N©.| PBr @@armgﬁ,smeamxcg inethe create
problenms wthin the processing unit. Such problens include, for exanple,
cor r osigffpasfofmefhedizadatdlytic ormking thibsent po did wiet gad sdrubbetreng t he waste
water of the units, as well as problems with the removal of SO ,'s. For
exanpl dypically ebeiG9%iN0t he art to add sodium chlorite (NaClCR) to the wet

gas scrubber liquor to oxidize NO ,'s to higher oxides such as, for
exanpl e, NO2 and N2Gb which are water soluble and can be renoved fromthe

2 OoES AL T AR RS Bt e R bidSpletaRaeRiyses The
to oxidize NO,’s to higher oxides, and these techniques have been met with
mixed results. Most of the techniques used today involve chemicals that
require extended reaction periods, and others create problems within the
processing unit. Such problems include, for example, corrosion of materials of
construction, problems with treating the waste water of the units, as well as
problems with the removal of SOy’s. For example, it is known in the art to add
sodium chlorite (NaClO,) to the wet gas scrubber liquor to oxidize NOy’s to
higher oxides such as, for example, NO; and N>Os which are water soluble and
can be removed from the process system, typically as nitrate and nitrite,
respectively. The solubility of these higher oxides in water is described by J.B.

" Joshi, V.V. Mahajani, and V.A. Juvekar in “Invited Review: Absorption of
NOx Gases,” Chemical Engineering Communication, Vol. 33 pp 1-92; which is

incorporated herein by reference.

[0005] However, the addition of NaClO, to the scrubber liquor has
problems. For example, sodium chlorite is a costly chemical and is consumed
by side reactions such as the oxidation of SOy’s to higher oxides (e.g. SO, to
S0O;). Thus, because sodium chlorite does not selectively oxidize NO,’s to
higher oxides, conventional methods used high sodium chlorite concentrations

in the scrubber liquor to achieve the desired reduction of NO,’s. These high



Joshi, V.V. Mahajani, and V. A Juvekar in "Invited Review Absorption of
NOx Gases," Chem cal Engi neering Communi cation, Vol. 33 pp 1-92; which is

i ncor por awed3hesses n by reference. [0005] However, the addipCirarsodi4eBaClO2 to
t he scrubber liquor has problens. Fo# exanple, sodiumchlorite is a costly
chem cal and is consuned by side reactions such as the oxidation of SO 's
to higher oxides (e.g. SO2 to SO3). Thus, because sodiumchlorite does not
selectively oxidize NON s to higher oxides, conventional nethods used high
sodiumchlorite concentrations in the scrubber |iquor to achieve the
desired reduction of NO,'s. These high WO 03/ 103808 PCT/ US03/ 14653 4
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[ 0006] Pheldemshesreosion lolf thesaubbats materriaes @f&oﬂsﬁﬁcﬁﬂn.econom cal and
effective nmethod to renove NOX's fromwaste gas streans. SUMVARY OF THE

| NVENTI ON [ 0007] The presently discl osed invention provides a process for
oxi di zi least or.t.i.on of S c ntai ned in a SOX-cont ai ni ng waste
gas str@@r‘?\% -fﬁus ﬁ?rgéﬂhdéﬁtn&leﬂén Ht @v@emnnp@lr@m #ifeatiygen oxi des,
whi ch pLogiesPio Sdﬁ,)m{‘%%% ds 8r ure of a reducing agent sel ected
from ammoni a an urea dnd a rea % OXI abI e gas in an effective anount
that will reduce the NOX concentration of said waste gas stream by a
predeterm ned anmount; b) injecting said mxture into said waste gas stream
at a poPRMMARY OETHE INWVENFIONni ng waste gas streamis at a

t enper at ure bel ow 1600F;

[0007]  The presently disclosed invention provides a process for oxidizing at
least a portion of NO,’s contained in a SO,-containing waste gas stream, which
stream contains both lower and higher nitrogen oxides, which process
comprises:
a) forming a mixture of a reducing agent selected from ammonia and urea
and a readily-oxidizable gas in an effective amount that will reduce the
NOy concentration of said waste gas stream by a predetermined amount;
b) injecting said mixture into said waste gas stream at a point wherein said
SOy-containing waste gas stream is at a temperature below 1600°F;
c) removing at least a portion of the SO,’s present in said waste gas stream;
d) mixing an effective amount of sodium chlorite with said waste gas
stream at a point downstream from step c) above thereby oxidizing at
least a portion of lower NO,’s present in said waste gas stream to higher

oxides.

[0008]  In another embodiment of the present invention, spray nozzles of a
wet gas scrubber separator drum are used to mix the sodium chlorite with the

SO,-containing waste gas stream.



c) renoving at least a portion of the SO 's present in said waste gas
streamp d) mxing an effective anount of sodiumchlorite with said waste
gas streamoatiomopoi nt downstream from step c) above ther @oy/ums/ticzs ng at

| east a portion of |lower NOX' s presenf in said waste gas streamto higher
oxi des. [0008] In another enbodi nent of the present invention, spray
nozzles of a wet gas scrubber separator drumare used to m x the sodi um
chlorite with the SOXcontaining waste gas stream WD 03/103808

PCT/ US03/ 14653 5 [0009] In another enbodi ment, the higher oxides of the NO
's are renoved fromthe waste gas stream by a nethod selected fromthe
group consi sting

absor pllh sc Siothst cEpEHTen i gkoramG rptfatﬁz@tméegéiég«?@é"' " and
vent i Ok TG geeat b P Bl TR dcmsﬁvﬁyefii i zabl ¢

gas ar %&ﬂiﬂcﬁﬂtlbﬁ‘h@scﬁgt@fi'r@aﬁﬂﬁ sbﬁﬂﬁ)ﬁ%éﬂfh&v‘ééﬁﬁﬁﬂa &tuaa poi nt

upstream of an recove y device. [0011] I n er enbodi nment
of t he ipjeetion} cdtalyeéiotdonNerséom, aﬁzﬂaba;oxpaonmd:nwmeﬁ redum ng agent and

readi | y-oxi di zabl e gas are sinultaneously injected into an existing
regenerator overhead line at nmultiple | ocations upstreamof an FCCU s heat

recover vic 12 et .a t her enbodi nent resent i nvention,
the r odd0ft]"" o aroBr bmbaiiin B e iaseli Ve RoH. e i GBI s ammoni o
VO 03/ Joq:féﬁ’&lﬁgé&ﬁoa’ﬂd]&gé&y-omdlzable gas are injected into an existing ‘

regenerator overhead line at a point upstream of an FCCU's heat recovery

device.

[0011]  In another embodiment of the present invention, an effective amount
of reducing agent and readily-oxidizable gas are simultaneously injected into
an existing regenerator overhead line at multiple locations upstream of an

FCCU's heat recovery device.

[0012]  In yet another embodiment of the present invention, the readily-

oxidizable gas is hydrogen and the reducing agent is ammonia.



6 DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON [ 00131 As used herein, the
terms NO,'s, nitrogen oxides or nitrogen oxide refers to the various

oxi des ofwpiosrnesgesr t hat rmay be present in conmbustion wasPeETI®as¥ess3 Thus,
the terns refer to all of the variouse6oxides of nitrogen including, but
not limted to, nitric oxide (NO, nitrogen dioxide (NO2), nitrogen
peroxi de (N204), nitrogen pentoxide (N205), and m xtures thereof. However,
the termalso |oosely refers to nitric oxide (NO since NOtypically
conprises greater than 90% of the nitrogen oxides present in conbustion
waste gasses upon which the presently clainmed invention is practiced.

Ther ef q | | | spe | y.concerned with the
reductibiﬁsi&: LEDLIY Tﬂaﬁ &&ﬁﬁﬁwl ‘“{E—lﬁiﬁﬁ/\et gas, conbustion
waste gas, and waste gas stream are used interchangeably herein to refer
to the sanme scrubbed and/or saturated gas streans. Also, the terns wet gas
scr ubbefgo1sET Ubhd Aged RABRT HUSrm@ N 36 HRBEEN BkRieY DB ditkdd & Gliaggeabl y

her ei n.rlt }s:houl d al so be’ noted that "higher oxide" ésé%se%nﬁerei nis
meant txefersftethd varoys dkdesbienitiogen thit sy bepresentineedmbustiod014] 1t shoul d

al so be noted that_m xing, as used herein when describing the mxing of a
reduci nyasigeassesnd s; Bwdrmys mleutoalbpbtheaeriqus oxidgstofinitrogeer to  t he

i m e ol Sl St X e N i etToRiine Y0RKi 1) G ai b o
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t echni qgeweverchetem §l66 lavselynefersitdiniteid dxdde S0 ginkeNOtypicallgs Wi th the
reduci ng agent and/or readily-oxidizable gas to encourage nore honobgenous
m xi ng;camprsasigrgater than 90% of the nitrogen oxides present in combustion waste

gasses upon which the presently claimed invention is practiced. Therefore, the
presently claimed process is especially concerned with the reduction and
control of NO. Also, the terms flue gas, wet gas, combustion waste gas, and
waste gas stream are used interchangeably herein to refer to the same scrubbed
and/or saturated gas streams. Also, the terms wet gas scrubber, scrubbing
apparatus, and scrubber are used interchangeably herein. It should also be
noted that "highér oxide" as used herein is meant to refer to any NO, wherein

"x" is two or greater.

[0014] It should also be noted fhat mixing, as used herein when describing
the mixing of a reducing agent and a readily-oxidizable gas, is meant to refer to
the broadest meaning given the term. Thus, mixing refers to the objective of
maximizing the local contact of a reducing agent and a readily-oxidizable gas
with the NO, in the waste gas stream at the desired molar ratios. Any suitable
mixing techniques can be employed to achieve this end. These techniques
include, but are not limited to, using a carrier gas with the reducing agent
and/or readily-oxidizable gas to encourage more homogenous mixing; injecting
a premixed stream of a reducing agent, readily-oxidizable gas and carrier gas

into the waste gas stream; or, injecting a stream of reducing agent and carrier



a prem xed stream of a reducing agent, readily-oxidizable gas and carrier

gas into the waste gas stream or, injecting a streamof r

educi ng agent

and carriwp og¥n8s 103808 PCT/ US03/ 14653 7 gas and a str eaarafSo3/14653

readi | y-oxi di zabl e gas and carrier ga% into the waste gas

stream

separately. Non-limting exanples of suitable pre-injection mxing

t echni ques, processes or neans include piping the reducing
oxi di zabl e gas and carrier gas through separate lines into
vessel or into the injection line to the waste gas stream
reagents and the carrier to mx as they flow towards the

agent, readily-
one conmon

all owi ng the two
nj ection point.

[ 0015] The@iresent invenig,on, rqvi des a_cost-effective manner whereby
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enoved fromthe systemas nitrate
or nit pkidizathegasiard cheidhigah dirongh deparstedinessintd ame epmmuinevesbiéddrand N205,
are nore easily renoved than the |ower oxides. Thus, the precfently cl ai med
pr oces intpiheinjeetion ingintheavasta gas strefm sallawing; the twe sprgeaiyan
readi | y- oxi di zabl e gas in.amunts ffecti.ve at reducing the NOx
concenfh‘-’a‘fqrﬁﬁr&mtl% s{%eértféovgggwg{qsetﬁﬁllwcgon BPWet er mi ned anount, removi ng
at least a portion of the SO's present in the stream and adding an
effective anount of sodiumchlorite to the waste gas stream whereby a
por ti oppgak] t heTAHreesidnyanticatpioviddse vert-effegtise sianaemwdreecbyoxi di zed to
hi gher oxides (e.g. NO oxidized to NO2). The hi gher oxides can then be
r enovertfinerscaerémave Myds Gont westegak siicamssiolitasofpraprasiye he,

waste gas generated by a fluidized catalytic cracking unit. The oxidation of

NO,’s to higher oxides is an effective way to remove NOy’s from flue gas

streams because the higher nitrogen oxides such as, for example, NO, and

N,Ojs are water soluble and can be removed from the system as nitrate or nitrite

because the higher oxides such as, for example, NO; and N,Os, are more easily

removed than the lower oxides. Thus, the presently claimed process involves

forming a mixture of a reducing agent and readily-oxidizable gas in amounts

effective at reducing the NO concentration of the waste gas stream by a

predetermined amount, removing at least a portion of the SOy's present in the

stream, and adding an effective amount of sodium chlorite to the waste gas

stream whereby a portion of the NO,’s contained in the waste gas stream are

oxidized to higher oxides (e.g. NO oxidized to NO,). The higher oxides

then be removed by a method selected from alkaline solution absorption,

reducing solution absorption, scrubbing ammonia injection, catalytic

conversion and absorption with water.

can

[0016]  As used herein, an effective amount of sodium chlorite is an amount

that oxidizes at least a portion of the NO,’s present in the waste gas stream

such that at least 20 vol.%, for example 20 vol.% to 80 vol.%, preferably 40



reduci ng sol ution absorption, scrubbing ammonia injection, catal ytic
conversion and absorption with water. [0016] As used herein, an effective
anount ofweadilessoehl orite is an anmount that oxidizes at PeagtSon14865ti on of
the NOX's present in the waste gas stBeam such that at |east 20 vol.% for
exanpl e 20 vol . % to 80 vol.% preferably 40 WO 03/103808 PCT/ US03/ 14653 8
vol . % to 90 vol.% of the NOR' s, nore preferably 50 vol.%to 99 vol.% and
nost preferably substantially all of the NOR s present in the waste gas
stream are oxidized to higher oxides. [00171 The instant invention is,
especially suited for reducing the concentration of NO 's within the

process viol ot S0 &R bE telve, &, Aed ?ﬁé 3ty 50 yoL 361 08 vubd, g™ OO -

Fl ui di zed catal ytic cra ing i'd an and” w del'y refinery

pr ocess.mddigpreferably substantialky sl oﬁltlibtﬁﬁﬁ’ép/rlés&@hﬂl Yh@%yt%r%ﬁ stlégmvy oils into
| i ghter products such as gasoline. In the fluidized catalytic cracking

(FCO pra&%%ilz%tolhigb*?ﬁ@?lgle%f particul ate catal yst is continuously cycled
bet ween a cracking reactor and a catal yst regenerator. Average reactor
tenperatures are in the range of 900-1000F, with average feed tenperatures

from 500, n the rovide the primry
conmpone t‘gﬁif t gggg?ﬁﬁﬁﬁeéﬁ%?l;é%?%é&&% ?ﬁl%%&gf {}lﬁ% ts are well known
in the c@ﬁéer@fdﬂloﬁmfm '§Tw’>lﬂﬁﬁ tlli’@f)ﬁﬁksd\ﬂﬁmchéng‘b@ a“ﬂﬁxdlwgaﬁlél
i ncorporated herein reference, provides a nore detal cussi on of
such a @Ia‘tklng(lﬁmBQ"FﬂéUP)s@émdtmﬂmatalytlesmkl@ fsyani inprtambando cat al yst
life and ffectiveness because during the fluidized catalytic cracking

pr ocess Videlyused & THRERSS; 18e Gé@b@)c @peking Preeess fynipelly gemvertst , whi ch
subst anhé@}j dils into lighter products such as gasoline. In the fluidized catalytic

cracking (FCC) process, an inventory of particulate catalyst is continuously
cycled between a cracking reactor and a catalyst regenerator. Average reactor
temperatures are in the range of 900-1000°F, with average feed temperatures
from 500-800°F. The reactor and the regenerator together provide the primary
components of the catalytic cracking unit. FCC process units are well known in
the art and United States Patent Number 5,846,403, Swan, et al., incorporated

herein by reference, provides a more detailed discussion of such a unit.

[0018]  The regenerator is especially important to catalyst life and
effectiveness because during the fluidized catalytic cracking process,
carbonaceous deposits (coke) are formed on the catalyst, which substantially
decrease its activity. The catalyst is then typically regenerated to regain its
effectiveness by burning off at least a portion of the coke in the regenerator.
This is typically done by injecting air, or another gas having a combustible
amount of oxygen, into the regenerator at a rate sufficient to fluidize the spent
catalyst particles. A portion of the coke contained on the catalyst particles is
combusted in the regenerator, resulting in regenerated catalyst particles.
Typical regenerator temperatures range from 1050°F to 1450°F, while exit
temperatures of the regenerator off-gas usually range from 1200°F to 1500°F.



decrease its activity. The catalyst is then typically regenerated to regain
its effectiveness by burning off at |least a portion of the coke in the
regener atwn.o3/10330% i s typically done by injecting air, orpamatSa®146§8s

havi ng a conbusti ble anmount of oxygeMm, into the regenerator at a rate
sufficient to fluidize the spent catalyst particles. A portion of the coke
contained on the catalyst particles is conbusted in the regenerator,
resulting in regenerated catal yst particles. Typical regenerator
tenperatures range from 1050F to 1450F, while exit tenperatures of the
regenerator off-gas usually range from 1200F to 1500F. WO 03/103808

PCT/ US03/ 14653 9 [0019] After regeneration, the catalyst particles are
cycled back to the reactor. The regenerator off-gas is usually passed to

tovi cos, PUBIEC SRR E R Raridlf She PRRRF R RY e BB bk o By whi ch, as
pr evi ouskyctorNThe Fetbnedt6r oﬂ?ﬂsqg QSudIR SR8MEfd f&ﬁle{r%%sﬁg{cﬁ over

avai |l abl e fuel energy, and SC, renoval devices. iI'S preferred
embodi méivet Bcovery davdessy paitivudate removalhdevioes) caaboiN@ond:@@®val step renoves

at least_a.portipn of the NO.,'s present in the waste gas stream thus
r educi ngcomlr‘glséﬁﬁﬁlﬁ?t ISCO¥Ei WS&QFQHR@, Whids @s peeirisly znentiened; ereai ni ng

NO t's ' e s . stream In.this first renoval step, a
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Thi s pr eg@besliddiestsanount is typically at |east 10 vol.% preferably by
nore than 30% by vol une, nore preferably nore than 50% by vol une, and nost

preferably a reduction of nore than 70% by vol une, based on the total
volume of NO,, present in the process stream
[0020] ~ In'thus preferred embodiment of the present invention, the initial NO,
removal step removes at least a portion of the NO,’s present in the waste gas
stream, thus reducing the amount of sodium chlorite needed to oxidize the
remaining NO,’s present in the waste gas stream. In this first removal step, a
predetermined amount of the NO,'s is removed from the waste gas stream.
This predetermined amount is typically at least 10 vol.%, preferably by more
than 30% by volume, more preferably more than 50% by volume, and most
preferably a reduction of more than 70% by volume, based on the total volume

of NO, present in the process stream.

[0021]  The NO,'s are removed through the use of an effective amount of a
reducing agent selected from urea and ammonia. Preferred is ammonia. An
effective amount of reducing agent is to be considered that amount of reducing
agent that will reduce the NO, concentration by the predetermined amount. An
effective amount of reducing ageﬁt will typically range from 0.5-12 moles of
reducing agent per mole of NO,, preferably 0.5-8 moles of reducing agent per
mole of NOy. It is most preferred to use 1-4 moles of reducing agent per mole
of NOx. It should be noted that the reducing agent is used in conjunction with a

readily-oxidizable gas for purposes of this invention.



[0021] The NO,'s are renoved through the use of an effective anpbunt of a
reduci ng agent selected fromurea and anmonia. Preferred is ammonia. An

ef f ect i vewarmaomisoof reduci ng agent is to be considered thacrarsosimesdf
reducing agent that will reduce the NO,, concentration by the

predeterm ned anount. An effective anount of reducing agent will typically
range fromO0.5-12 noles of reducing agent per nole of NO,, preferably
0.5-8 nol es of reducing agent per nole of NO It is nost preferred to use
1-4 nol es of reducing agent per nmole of NO . It should be noted that the
reduci ng agent is used in conjunction with a readily-oxidizable gas for
purposes of this.invention. WO 03/103808 PCT/USQ3/14653 10 [0022] It is
bel i evelPO2Rht 4t b%‘ﬂ%}lf‘éfﬁdéﬁaéi Fenpiek chainef freg radical rpagitons@cheyes  t he
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Equat i obelizveNhi8 ovef2ll efféctan betlGttaed Bathe HlldwRgIvoldempsitngdf urea as the
reduci ng agent introduces cyanuric acid (HNCO as well as ammonia to the
pr ocessteapioRronstrated in the work of Lee and Kim (1996), cyanuric acid

ccts 2 2 reduelng Sgenty 00 MRANY @l Sop L pRet Ll (e KO 02
[T ted by t heor yEbHih 2 Fbar 8 ré N HEPTBHIER the i ssoci ation of
one nole of urea liberates one nole of ammonia and one nol e

[0023]  The use of urea as the reducing agent introduces cyanuric acid

(HNCO) as well as ammonia to the process. As demonstrated in the work of

Lee and Kim (1996), cyanuric acid acts as a reducing agent for NO and also

interacts with the NO-NH;3-O, chemistry summarized in Equations 1 and 2.

Although the cyanuric acid reduction process is not thoroughly understood, and

not wishing to be limited by theory, the inventors hereof believe that the

dissociation of one mole of urea liberates one mole of ammonia and one mole -

of cyanuric acid. Experimental data from the Kim and Lee study (1996)

suggests that cyanuric acid stoichiometrically reduces NO to elemental

nitrogen and water at a molar ratio with NO of 1:1. Thus, urea should

generally be used at a molar ratio to NO that is roughly one half the effective

molar ratio for ammonia.

[0024] The reduction reaction of Equation 1 dominates in the 1600°F-

2000°F temperature range. Above 2000°F, the reaction of Equation 2 becomes
more prevalent. Thus, in the practice of the present invention, it is desirable to
operate at temperatures below 2000°F. However, operating temperatures lower
than 1600°F are achievable with the reduction reaction still being dominated by
Equation 1 through the use of the present invention. The inventors hereof have

unexpectedly found that, at temperatures below 1600°F, the reduction reaction



of cyanuric acid. Experinental data fromthe Kimand Lee study (1996)
suggests that cyanuric acid stoichionetrically reduces NO to el enent al
nitrogen wod3medses at a nolar ratio with NO of 1:1. Thus, parasoyisas d
generally be used at a nolar ratio tolINO that is roughly one half the
effective nolar ratio for ammonia. [0024] The reduction reaction of
Equation 1 dom nates in the 1600F- 2000F tenperature range. Above 2000F,
the reaction of Equation 2 beconmes nore prevalent. Thus, in the practice
of the present invention, it is desirable to operate at tenperatures bel ow
2000F. However, operating tenperatures |lower than 1600F are achievabl e
with the reduction reaction still beij rbq dom nated by . Equation 1 through
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t he amgunt thé rddebbh Yesotic ihiaRdageg ddoweedle thd mvediory Betdighaweuct i on
reacti on i ncreases. However, the inventors herein have determ ned that the

nol ar datenmsnesk thabtii mplasxatoy abtcaddroxilisahle ged dirslesed hegein B8 used at an
effective operating tenperature range bel ow 1600F, n bel o 1300F, with
t he reladSeGOAL @Iééﬁgﬁé‘fﬁ QPGIRING LTAPCTERIE %MQ?WI?@QZ)\[A%OW% b%‘f"s nmakes the
present invention especj.all Ui t for reducin concentyations in the
of f - gaé%&ﬁﬁv gHeR & q??loﬁégﬂ&eéng ﬂ@ﬁ%@bﬁﬁ”@%ﬂ he™Sr egener at or

of f-gag, gl ‘E ?ﬁe&x{eﬁeﬁ%ﬂ%@%ﬁ' e%a%\é’gzlllgrgalugtgg éfg{)% ide SERWAcOfdiffgd.  however,

that t rnvention can c |vgfy operate over any
in the off-gas of an FCCU regenerator because the temperature of the

regenerator off-gas stream is typically low, below 1600°F. It should be noted,
however, that the present invention can also effectively operate over any

temperature range between 1200°F to 1600°F.

[0025] A readily-oxidizable gas is used to drive the NO, reduction reaction.
An effective amount of readily-oxidizable gas is that amount that enables the
reducing agents of the present invention to effectively reduce the NOx.
concentration by the predetermined amount. A molar ratio of 1:1 to 50:1 moles
of readily-oxidizable gas per mole of reducing agent is considered an effective
amount of readily-oxidizable gas, preferably greater than 10:1 to 40:1, more
preferably 11:1 to 40:1, and most preferably 15:1 to 30:1. The actual mole
ratio employed will be dependent on such things as the temperature of the
waste gas stream; the composition of the waste gas stream; the effectiveness of
the injection means used for mixing the readily-oxidizable gas with the carrier
gas, the reducing agent and the NOy-carrying stream; and the reducing agent
utilized. Thus, for a given waste gas stream, the most effective readily-
oxidizable gas to reducing agent molar ratio will be in the 1:1 to 50:1 range.
The injection of readily-oxidizable gas at rates yielding readily-oxidizable gas

to reducing agent molar ratios greater than 10:1 is, in part, made necessary by



tenperature range between 1200F to 1600F. [0025] A readily-oxidizable gas
Is used to drive the NOx reduction reaction. An effective anmount of

readi | y- owod3aedsbe gas is that anmount that enables the redxaisogiagents of
the present invention to effectively educe the NOx. concentration by the
predeterm ned anmount. A nolar ratio of 1:1 to 50:1 noles of

readi | y-oxi di zabl e gas per nole of reducing agent is considered an
effective anount of readily-oxidizable gas, preferably greater than 10:1
to 40:1, nore preferably 11:1 to 40:1, and nost preferably 15:1 to 30: 1.
The actual nmole ratio enployed will be dependent on such things as the
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vast e gas,Hv ealtind deopost effective readily- oxidi zabl e gas to reducing
agent nolar ‘ratio will "be inthe 1:1 to 50:1 range. The injection of

readi | y-oxi di zabl e gas at rates yielding readily-oxidizable gas to

reduci ng agent _nolar ratios greater_than 10:1 is, i.n part,, nmade necessary
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S stream at a point before at ast a portion of the Sox's
pr esentflowing feord tthe eepeaceatoctottie dextipietd bf prowiesding ehpipnaeatte gas stream

flowng fromthe regenerator to the next piece of processing equipnent,

typically a COHRU, must have a concentration greater than 8.1 vol.% oxygen,
based on the volume of the stream. Preferably the process stream contains at
least 0.4, more preferably 0.4 to 1.5 vol.%. Thus, this stage of the process is
especially well suited for treating the regenerator off-gas of a fluidized catalytic
cracking unit. It is preferred that the reducing agent and readily-oxidizable gas
be introduced directly into a regenerator overhead line of a fluidized catalytic

| cracking unit ("FCCU") before the carbon monoxide combustion/heat recovery
unit associated with the FCCU. It is more preferred that the reducing agent and
readily-oxidizable gas be introduced directly into the regenerator overhead line
as near the outlet from the regenerator as possible. It is also contemplated
within this embodiment that the reducing agent and readily-oxidizable gas be

simultaneously conducted or introduced into the regenerator overhead line

through multiple points located along the regenerator overhead line.

[0027]  Since the amount of readily-oxidizable gas and reducing agent used
are typically a small percentage of the regenerator off-gas flow, typically less
than 0.5% by volume, based on the volume of the stream, it is preferred to use
only an effective amount of a readily available and relatively inexpensive
carrier material. Non-limiting examples of carrier materials include air and

steam; however, any carrier material that does not have a deleterious effect on



typically a COHRU, nust have a concentration greater than 0.1 vol. % oxygen,
based on the volune of the stream Preferably the process stream contains
at | eastw0.08/103308 ¢ preferably 0.4 to 1.5 vol.% Thus, thipsTdtSagyesesd t he
process is especially well suited for treating the regenerator off-gas of
a fluidized catalytic cracking unit. It is preferred that the reducing
agent and readily-oxidizable gas be introduced directly into a regenerator
overhead line of a fluidized catalytic cracking unit ("FCCU') before the
car bon nonoxi de conbusti on/ heat recovery wunit associated with the FCCU. It
Is nore preferred that the reduci ng agent and readily-oxidizable gas be

I ntrod d directly into.rhe regenerator overhead .li.ne as.near the outl et
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Since the anmounf of readiTy-oxidizabl e gas and reduci ng agent used are

t ypi catle/lize tabtontaischacagter shatetial. rié gepreferred that theydunimg, typically | ess
t han 0.5% by vol ung,, sed on the volune of the stream it is preferred to
use oRBEA ﬁa‘%&@&dl%%ﬂﬁ%ﬁmmwe he F@S@Pfiﬁt&é}\‘? Il%ltgg}é?%‘dpétsébg vel y

I nexpensive .[4er material. Non-limting exanples of carrier materials

i ncl udga%efnéaﬁ%rlélﬁeam however, any carrier material that does not have a
del eterious effect on WD 03/103808 PCT/ US03/ 14653 13 NO,, reduction, or
which itself contributes to undesirable em ssions, can be wused. Thus, it

i s conjo®ep] at By tin effectieé amouny ef earnienhmterialy #dunieagt awemounaofl/ or

readi | y- oxi di zabl e gas_Fri or to mxing with a carrier_ material, or within
the | i pariehmatenslthrhwill pdequately anixthe spdueing pgentangthe eadily-t hat t he

reduci Oxidizable gas with the process stream, i.e., maximize the contact of the two

reagents with the NO; sought to be reduced.

[0029]  The regenerator off-gas also typically contains catalyst fines. These
catalyst particles may be removed from the regenerator off-gas by any suitable
means known in the art. However, the presence of catalyst fines in the
regenerator off-gas is believed to assist the NOy reduction reaction. Thus, the
presence of some catalyst fines, although not necessary for the practice of the
instant invention, is preferred to assist the NOy reduction reaction and reduce

the amount of readily oxidizable gas that is needed.

[0030] In a preferred embodiment of the present invention, effective
amounts of a reducing agent and a readily-oxidizable gas, preferably with an
effective amount of carrier material, are injected directly into the regeneratot's
existing overhead line. Thus, the existing overhead line functions as the
reaction zone for the NO, reduction reaction, thereby eliminating the need to
add costly processing equipment to effectuate the present process. The
injection mixture is preferably injected at a point between the COHRU and the

regenerator. It is preferred that the injection occur as near the regenerator off-



agent/readi |l y-oxi di zabl e gas m xture be injected into the |ine that
conducts the carrier material. [0028] By an effective anount of carrier
mat er i al ,wpDto3iig3sn®ant an anount of carrier nmaterial that paTliSozdesquat el y
m X the reduci ng agent and the readili oxidizable gas with the process
stream i.e., maxim ze the contact of the two reagents with the NO ,
sought to be reduced. [0029] The regenerator off-gas also typically
contains catalyst fines. These catalyst particles nay be renoved fromthe
regenerator off-gas by any suitable means known in the art. However, the
presence of catal yst fines in the regenerator off-gas is believed to

assi st the g& reduct.i h ril Thus, the é) Islence of sone_ catal yst
fines, 23F OHBELPS RO (§8§ %Frtﬁ igher famperayrps peasithe regeneraterAvtléthy ent i on,
|s pr ef as t he anmount
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readi | y- oxi di zabl e gas, pref erably wth an ective anount of carrier
mat er i atsidence timpedtthel raiucary dgent ahd redutlyrexgdivbht gas ia theNQ@f i ng over head
i ne. Thus, the existing overhead line functions as the reaction zone for
t he Noreductigndepetior-eacti on, thereby elimnating the need to add costly

processi ng equi pnent to effectuate the present process. The injection
mxture is preferably injected at a point between the COHRU and the

regener@dﬁj Ofl;n %@tﬁéﬁ%ﬁ&ﬁgneg?%tlé&? o) Tér%‘ly% @ty giear the

regene ato 380 US03 3 14°gas outlet” as possible so
that t hfebii@hpointeancusetivl@n ﬂl@&égéﬂwaﬂoegeeﬂread(bnneomff&ﬁwecan be utilized,

t hereby reducing the anount of readily-oxidizable gas needed
amounts of a reducing agent and a readily-oxidizable gas, preferably with an
effective amount of carrier material, are injected through these multiple
injection points, which will typically be between the COHRU and the
regenerator. Preferably all injections occur simultaneously. Thus, the existing
regenerator overhead line again functions as the reaction zone for the NO,
reduction reaction, thereby eliminating the need to add costly processing
equipment to effectuate the present process. Preferably, the simultaneous
injections occur as near the regenerator off-gas outlet as possible. However,
the multiple injection locations are also preferably spaced such that the
appropriate residence time between locations is achieved such that the desired
effect from the use of multiple injection locations is realized. As previously

mentioned, it is advantageous to maximize the residence time of the reducing

agent and readily-oxidizable gas in the overhead line to complete the reaction.

[0032]  As previously discussed, the addition of sodium chlorite to the
scrubber liquor is known in the art, as described in U.S. Patent Number
6,294,139, which has already been incorporated by reference. By adding
sodium chlorite to the scrubber liquor, the refiner was at a disadvantage
because sodium chlorite also oxidizes SO,’s to higher sulfur oxides. This non-

preferential oxidation reaction forced refiners to inject high levels of sodium



for a desired level of NO, reduction. It is also advantageous to nmaxim ze
the residence tine of the reducing agent and readily-oxidizable gas in the
NO, reduwDiognosescti on. [0031] | n another enbodi nent, at PICEFASD3/A146683
preferably a plurality of, injectioniSpoints are used along the regenerator
overhead line. Effective anpbunts of a reducing agent and a

readi | y-oxi di zabl e gas, preferably with an effective anount of carrier
material, are injected through these nultiple injection points, which wll
typically be between the COHRU and the regenerator. Preferably al

I njections occur simultaneously. Thus, the existing regenerator overhead
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reference. By adding sodiumchlorite to the scrubber 1iquor, the refiner
was at a di sadvantage because sodiumchlorite also oxidizes SO t's to
hi gher sul fur oxides. This non- preferential oxidation reaction forced

refinel®38b i nfhepraseyly clajmpd infentiom sphysathesy ambetbsr poblems by14653

contacting the scrubbed and/or saturated gas, sometimes referred to herein as
flue gas, directly with sodium chlorite (NaClO,) downstream from a SO,
removal step. The method by which the SO,’s are removed is not essential to
the present invention and may be any method known in the art. However, the
method chosen by the practitioner of the presently claimed invention should
reduce the levels of SO,’s in the waste gas stream to below 100 ppm,
preferably below 50 ppm, and more preferably below 10 ppm before the
sodium chlorite is mixed with the waste gas stream. It is most preferred to
remove substantially all of the SO,’s present in the waste gas stream before the
sodium chlorite is mixed with the waste gas stream. Non-limiting examples of
SO, removal processes suitable for use herein include wet desulfurization
methods such as water scrubbing, alkali scrubbing, magnesia scrubbing, and
ammonium scrubbing; as well as dry desulfurization methods such as using
manganese oxide or activated carbon. Preferably, the SOy’s are removed by a

wet desulfurization method, most preferably by use of a wet gas scrubber.

[0034] By using wet gas scrubbers, refiners remove, among other things,
attrited catalyst fines and SOx’s. Thus, by contacting the flue gas with the

sodium chlorite after the scrubbers, there are lesser amounts of SO, ’s present in



15 chlorite into the waste gas streamin order to renove a satisfactory
amount of NOS s present in the waste gas stream As previously discussed,
t hese hi gvo oBavasbs of sodi um chlorite have the undesi rabl ecafisestws5of
corrosion of the scrubber, problens With waste water treatnent, and al so
I ncreased expenditures on reagents. Al so, the use of chlorine dioxide to
oxidize the NOr's to higher oxides in conbination with sodiumchlorite
absorption to renove the higher oxides has the disadvantage of cost as
wel | as probl ens previously discussed. [0033] The presently clainmed

I nvention solves these and other problens by contacting the scrubbed
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wi th sodiumchlorite downst r roma SOS renoval step. The
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i nvention and may be any nethod known in the art. However, the nethod
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Non-limting exanples of SOS renoval processes suitable for use herein

include wet desul furization methods such as wat er scr ubbi ng, al kali
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acidic conditions, considered below a pH of 6 herein, form chlorine dioxide.

While not wishing to be limited by theory, it is believed that under such acidic

conditions, the sodium chlorite compound disproportionates into sodium ions

and chlorine dioxide. The chlorine dioxide thus formed is a gaseous compound

that oxidizes lower NO,’s to higher oxides. The inventors hereof believe that

the general oxidation reaction whereby chlorine dioxide oxidizes NO,’s is

represented by the following equation:
Equation 1: SNO + 3CIO, + 4H,0 — SHNO; + 3HCI

[0036]  Thus, in using sodium chlorite in an acidic environment, at a pH
below 6, the amount of chlorine dioxide needed to oxidize at least a portion of
the lower NO,’s to higher oxides must be considered such that sufficient
quantities of sodium chlorite are used so that when the sodium chlorite
disproportionates, there are sufficient concentrations of chlorine dioxide
present to oxidize the lower NOx’s to higher oxides. Generally, the amount
sodium chlorite used in an acidic environment is such that the yield of chlorine
dioxide after the sodium chlorite disproportionates is 3 to 8 moles of C1O, to 5

moles of NO. The refiner can also practice the present invention by using that



attrited catalyst fines and SOS' s. Thus, by contacting the flue gas with
the sodiumchlorite after the scrubbers, there are | esser anounts of SOS' s
present iwWOW®1030403808 PCT/ US03/ 14653 16 the waste gas CmAmod/at6ss he
point of mxing with the sodiumchlorite. Thus, the refiner can use |esser
guantities of sodiumchlorite to achieve the desired reduction of NOX s.
Further, the | ower use rates of sodiumchlorite that are needed to oxidize
the NOR s to higher oxides assist the refiner in overcom ng problens
associ ated with conventional nethods such as, for exanple, corrosion and
wast ewater treatnment. [0035] The nechani sm by whi ch NaClQ2 oxi di zes | ower

NOX' hi gh 1 d I I f d d h
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chl orite conmpound di sproportionates into sodiumions and chlorine dioxide.

The chl #ftérribe dodinmiehlonite dispronsdtipeates.gaseous conpound that oxi di zes | ower
NOX's to higher oxides. The inventors hereof believe that the general
oxi dati on reacti on whereby chlorine dioxide oxidizes NO,,'s is represented

by e fighho 13 SYRRNRAYSA diigfiQah A Ridh HER-s b SHS + 3HCL

[ 0036] , in in an acidic envirdnnhent, at a pH

bel ow 6dirddls. armly dkiddtioniceutd® Hilttedidie dadiroaAntont PHDfFtol2aSt a
portion of "the lower NOX s to hi gher "oxi des must be considered such that

suffi _cirmutral quanoiments pbf ofddonmbadit emvitenient, pEeabeve 1.hHiowelvery t he sodi um
chlori taes the pH increases to 10, the absorption of NO,’s decreases. In this aspect of

the invention, the inventors hereof believe that the mechanism by which

sodium chlorite reacts directly with NO,’s is represented by Equation 2 below.

Equation 2: 4NO + 3NaClO, + 2H,0 — 4HNO; + 3NaCl

[0038] When sodium chlorite oxidizes NO,’s directly, the amount of sodium
chlorite used will be from 3 to 10 times the stoichiometric amount of sodium
chlorite, preferably from 2 to 8 times the stoichiometric amount, and most
preferably slightly greater than the stoichiometric amount of sodium chlorite,
for example, 1.1 to 2.5 times the stoichiometric amount, needed to oxidize at

least a portion of the lower nitrogen oxides to higher oxides.

[0039]  After at least a portion of the lower NOy’s are oxidized to higher
nitrogen oxides, another embodiment of the present invention involves the
removal of at least a portion of the higher oxides. The removal of the higher
oxides is achieved by any known process in the art. These processes include,
but are not limited to, the use of an alkaline solution such as an aqueous caustic
soda solution or a reducing solution such as an aqueous sodium thiosulfate
solution; sodium chlorite absorption; catalytic conversion; and ammonia and

hydrogen injection, as described in United States Patent Number 3,900,554 to



di sproportionates, there are sufficient concentrations of chlorine dioxide
present to oxidize the lower NOX s to higher oxides. Cenerally, the anount
sodi um chworostiessagsed in an acidic environnent is such thatcrhsoyisbsl of
chlorine dioxide after the sodiumchi8orite di sproportionates is 3 to 8
noles of Cl02 to 5 noles of NO The refiner can also practice the present

I nvention by using that WO 03/103808 PCT/ US03/ 14653 17 anount of sodi um
chlorite that yields 4 to 7 noles of Cl02 to 5 noles of NO. Preferably the
practitioner uses slightly greater than stoichionetric anounts of sodium
chlorite, such that 3 to 4 noles of Cl02 to 5 noles of NO are present
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the stoichionetric anobunt, needed to oxidize at east a portion of the

| ower niNOxtara rosioded after biigfladionoxi des. [0039] After at |least a portion of
the I ower NOX' s are oxidized to higher

[0040]  Also, as previously discussed, it is within the scope of the present
invention to remove at least a portion of the SO,’s from the waste gas stream
by use of a wet gas scrubber. Thus, in one embodiment of the present
invention, the sodium chlorite is mixed with the waste gas stream in the already
existing separator drum associated with the wet gas scrubber. A separator
drum typically contains hardware such as spray nozzles located within the
separator drum. In this embodiment, the sodium chlorite is sprayed through the
spray nozzles such that when the contaminated flue gas stream is fed into the
wet gas separator drum, it first contacts the sodium chlorite. The sodium
chlorite can first mixed with deionized water which acts as a carrier fluid to
better disperse the sodium chlorite. Also, in this embodiment, additional
amounts of deionized water may be sprayed through the spray nozzles. By

' additional amount of deionized water, it is meant that amount of deionized

water sufficient to absorb at least a portion of the higher oxides.

[0041]  In another embodiment of the presently claimed invention, a greater
amount of sodium chlorite than necessary to oxidize a portion of the NO,’s
present in the waste gas stream is mixed with the waste gas stream after the

SOy removal step. This additional amount of sodium chlorite allows the refiner



ni trogen oxi des, another enbodi mrent of the present invention involves the
renoval of at |east a portion of the higher oxides. The renoval of the

hi gher owDded0388s achi eved by any known process in the ar®PCTRIseyei6p3 ocesses
include, but are not limted to, thelduse of an al kaline solution such as
an aqueous caustic soda solution or a reducing solution such as an aqueous
sodiumthiosulfate solution; sodiumchlorite absorption; catalytic
conversion; and ammni a and hydrogen injection, as described in United

St ates Pat ent Nunber 3,900,554 to WD 03/103808 PCT/ US03/14653 18 Lyon,

whi ch has al ready been i ncorporated herein by reference. Mbst preferably

t he oxi d ound are reno crubbing with water because, as
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pref er ab§® ’%QaﬁQheﬁ/%EQe&%VE@byo ?fmétﬁﬁdmﬁ%rm%égﬁs are removed af t er

oXi datlon more preferably 60 vol.%to 90 vol.% of the higher oxides of the

NO. 's are renpved after oxidation. [0040] Al so, as previously discussed,
it iswthin the scope of the present invention to renove at |east a

porti on [8043]he %@@Wﬁcﬂ@ﬁ@%&ﬂa@t@reﬁé@ﬂ @t&eﬁéml prsferrsé msfana foet  gas
bb Th odi f th t di

ohi ort ¢ g puh e s FaRRlRe: oost SRUBHIRT: at M esaghize s T g
t d

Y cal e MEhAS MCIPhE Ll ﬁgg%‘yf%‘?‘gé%ﬁozz‘”ﬁ%ﬁ“ Cﬁi’i%‘ﬁm D othe

separ at gpirdy ofithid imvehiisnenbodi nent, the sodiumchlorite is sprayed through
the spray nozzles such that when the contaminated flue gas streamis fed

into the
EXAMPLES

[0043]  The following examples will illustrate the effectiveness of the

present process, but are not meant to limit the present invention in any manner.
EXAMPLE 1:

[0044]  In a bench scale environment, the addition of sodium chlorite to a
waste gas stream was tested. The concentration of SO,’s and NO,’s present in
the waste gas stream, a simulated scrubber liquor, were measured before the
experiment began, and this data is included in Table 1. The initial temperature
of the stream was measured usiﬁg a thermocouple device and was observed to
be 68°F. The initial oxygen concentration of the waste gas stream was also

measured and was determined to be 3.0 vol.% O,.



wet gas separator drum it first contacts the sodiumchlorite. The sodi um
chlorite can first mxed with deionized water which acts as a carrier fluid
to bettewodsamsnse the sodiumchlorite. Also, in this enpadiusesi4653

addi tional anounts of deionized wate may be sprayed through the spray
nozzles. By additional anmount of deionized water, it is nmeant that anount
of deionized water sufficient to absorb at |east a portion of the higher
oxi des. [0041] In another enbodi nent of the presently clained invention, a
greater anount of sodiumchlorite than necessary to oxidize a portion of
the NOx's present in the waste gas streamis mxed with the waste gas
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was te oncentr on of SOS's and NOS's present in

Table 1

NOXx inlet 50-60

ppmv

SOx inlet 50-500

ppmv

Waste Gas 68°F
Temperature

02 vol.% 3

Scrubber Liquor| simulated
- NaCl02{0.01-0.1M
concentration
system pH| 4.05-9.10

NOx outlet (% > 90%
removal)

SOx outlet (% > 95%
removal)

EXAMPLE 2:

[0046]  The latter portion of the instant invention was tested, e.g. sodium
chlorite addition after an SO, removal step, on a full-scale operational fluidized
catalytic cracking process unit. The experiment was performed without any
modifications to the existing separator drum associated with the wet gas

scrubber of the fluidized catalytic cracking process unit.



the waste gas stream a sinulated scrubber |iquor, were neasured before the
experinent began, and this data is included in Table 1. The initial

t enper at Lwe 03ab3svhe stream was nmeasured using a thernocoupica/weyvi4wes and was
observed to be 68F. The initial oxygdn concentration of the waste gas
stream was al so neasured and was determ ned to be 3.0 vol.% 02. WO

03/ 103808 PCT/ US03/ 14653 20 [00451 The waste gas was allowed to flow
through a 5 cm bench scale Venturi scrubber, and sodiumchlorite was added
to the waste gas stream downstream fromthe scrubber. The pH and sodi um
chlorite concentration of the system along with the outlet concentration
of SO's and NQ,'s, were also nonitored. The experinent renoved greater
than 9598047] t helngbis experiancyyt the sprayt hegrlesovhtowet gas BETUDRRT y present in t he

waste gas stream All ranet.ers, alon it h e result f. t.he
exper i naghatolof Amassod Rl b8l Sfcisribter qita ffzabedsh B o my  sox
inlet 50 : !E)qﬁp%r : : 9 er Liquor
si mul at glﬁ&g%@{@%é Bl%(g&%{}?@g})enscerll r a@?%&ﬁlt% Wiih ¥ walted ga§%{r88fﬂ,
Thus, the sodium chlorite was mixed with deionized water and sprayed into the
separator drum using the spray nozzles. An additional amount of deionized

water was also used in this experiment to remove a portion of the higher oxides

by water absorption.

[0048]  This experiment implemented only the step of adding sodium
chlorite after an SO, removal step on a fluidized catalytic cracking process unit
for a period of three days during which the NO oxidation, overall NO, removal,
sodium chlorite flow rate, and deionized water flow rate were monitored and
recorded. The NO oxidation and NO, removal is reported as a percentage
which is defined for uses herein as the [(inlet concentration - the outlet

concentration)/inlet concentration] * 100. This data is reported below in Table

2.



system pH 4.05-9.10 NOx outlet (%> 90% renoval) SOx outlet (%> 95%
renmoval EXAMPLE 2: [00461 The latter portion of the instant invention was
tested, ewg.03gaxoaim chlorite addition after an SO, renopall/SHEp6sDON a
full-scal e operational fluidized cat2l ytic cracking process unit. The
experinment was perforned without any nodifications to the existing
separator drum associated with the wet gas scrubber of the fluidized

catal ytic cracking process unit. WO 03/103808 PCT/US03/ 14653 21 [0047] In
this experinment, the spray nozzles of the wet gas scrubber separator drum
associated wth the wet gas scrubber of the fluidized catalytic process
unit were used to mx the sodiumchlorite with the waste gas stream Thus,
the sodiumchlorite was m xed with deioni zed water and sprayed into the

separator drum using the spray noizhﬁsz An addi tional anount of deionized
water was al so used in this expert 0 renove a portion of the higher

oxi des by water_absorption. [0048] This experinent inplepented only the
step of adding soBaym| cWaiert & Ma€CHD2ah SNO removiOxstep on a fl ui di zed
catal ytic cracking praceggownit flew a psxidetionf| r8rrR_aglays during which
the NO oxidation, overfal e 53{) sod%um chlordgte flowrate, and
dehoalozedr\évan;t)sr fpwrate wet oot "'f :nnn: recorded: dT e NO oxi dation
e P R090] 0] > 0 0
90 1 42 15
200 2.3 94 49
300 2.3 99 57
465 2 - 99 55
2 465 2 99 46
465 1.8 99 44
465 1.5 99 42
465 1.25 99 40
465 1.1 99 39
465] - 0.7 93 39
465 0 0 0
3 170 1 51 9
170 1.8 63 13
170 2 67 13
170 2.3 76 15
350 2.3 98 32
465 2.2 97 45
350 1.8 99 44
350 1 97 38

[0049] It should also be noted that the maximum water flow rate associated
with the spray nozzles of the separator drum utilized in this experiment was
465 gpm. Thus, the inventors herein believe, based on the collected data, that
by utilizing spray nozzles with a higher flow rate capacity, or modifying the
spray nozzles used herein in a manner such that their flow rate capacity is

increased, the NO, removal rate would increase.



which is defined for uses herein as the [(inlet concentration - the outlet
concentration)/inlet concentration] * 100. This data is reported belowin
Tabl e 2.wo030&38093808 PCT/ US03/ 14653 22 Table 2 Day WAt @CTNsCH/CBSNO NOX
Fl ow fl ow oxidation renoval (gpm) m2% %1 0 0 0 0 80-90 0 0 0 90 1 42 15
200 2.3 94 49 300 2.3 99 57 465 2 99 55 2 465 2 99 46 465 1.8 99 44 465
1.5 99 42 465 1.25 99 40 465 1.1 99 39 465 0.7 93 39 4650 0 0 3 170 1

519 170 1.8 63 13 170 2 67 13

[0050]  Also, the inventors herein believe, and one having ordinary skill in
the art would understand, that by increasing the gas/liquid contact area, the
NOy removal rate would increase. The amount of packing material used in this
experiment was limited to 5 ft of the separator drum. Thus, the refiner could
increase the gas/liquid contact area by, for example, increasing the volume of
packing material or by utilizing a packing material that would provide for an

increased gas/liquid contact area.



170 2.3 76 15 350 2.3 98 32 465 2.2 97 45 350 1.8 99 44 350 1 97 38
(0049] It should also be noted that the maxi numwater flow rate associ ated
wi th the wproasiossozzl es of the separator drumutilized in thTaSexpsss nent
was 465 gpm Thus, the inventors her®in believe, based on the collected
data, that by utilizing spray nozzles with a higher flow rate capacity, or
nodi fying the spray nozzles used herein in a manner such that their flow
rate capacity is increased, the NOX renoval rate would increase. WO
03/ 103808 PCT/ US03/ 14653 23 [0050) Also, the inventors herein believe, and
one having ordinary skill in the art would understand, that by increasing
t he gasm.contact area, the NO, renoval rate would increase. The
anount ‘ng material used in this experinment was limted to 5 ft of
t he separator drum Thus, the refiner could increase the gas/liquid
contact area by, for exanple, increasing the volune of packing material or
by utilizi ngAapeaess fog oxidiginicaVO} Babntuinkdlinps SO, denfaimingrwastagaeased
gas/liquid contact area. WO 03/103808 PCT/US03/ 14653 24 CLAIMS: 1. A
process for six¢anzwhiphntreans ceaing bethlaweranddighermisiogengxidest e gas
stream which_ stream contains both | ower and hi gher nitrogen oxides,

which process comprises:

a) forming a mixture of a reducing agent selected from ammonia

and urea and a readily-oxidizable gas in an effective amount that
will reduce the NO, concentration of said waste gas stream by a

predetermined amount;
b) injecting said mixture into said waste gas stream at a point

wherein said SO,-containing waste gas stream is at a temperature

below 1600°F;

c) removing at least a portion of SOy’s present in said waste gas

stream,

d) mixing an effective amount of sodium chlorite with said waste
gas stream at a point downstream from step ¢) above thereby
oxidizing at least a portion of said NOy’s present in said waste

gas stream to higher oxides.

2. The process according to claim 1 wherein said waste gas stream is
generated by a fluidized catalytic cracking process unit ("FCCU"), said
FCCU having a regenerator.

3. The process according to claim 2 wherein said mixture is injected into

regenerator off-gas generated by said FCCU.

4. The process of claim 3 wherein said readily-oxidizable gas is selected

from the group consisting of paraffinic, olefinic and aromatic



whi ch process conprises: a) formng a mxture of a reduci ng agent sel ected
fromamonia and urea and a readily-oxidizable gas in an effective anount
that w IWworoedossest he NO , concentration of said waste ga®CItusezmedy a
predeterm ned anmount; b) injecting saidd m xture into said waste gas stream
at a point wherein said SOX containing waste gas streamis at a
tenperature below 1600F;, c) renoving at |east a portion of SO ,'s present
in.said waste gas stream d) mxing an effective anount of sodiumchlorite
with said waste gas streamat a point downstream from step c) above
thereby oxidizing at |east a portion of said NOR s present in said waste

gas streamt i i . The .acgording to clajm1l wherein
said waste gglg'h‘%‘??g%r’or%gggégﬁ@ﬁ Q{?r‘g{.;?ggfqilggdﬁkelgllcgi%g%lt%d cracki ng
process unit KydigEibons SRirfhic Elﬁ(%kil?evéd?&s,%iﬁ@g@iﬁ%@h)ﬁﬂmc%boﬁgﬁ process
according to claim2 wherein said mxture is Tnjected into regenerator
of f - gas genersaflifohabyd bpddcit®ohk, chrboihmoporiies sndhydiogem 3 wherei n sai d
readi |l y-oxi di zable gas is selected fromthe group consisting of

paraffinic, olefinic and aromati c WD 03/ 103808 PCT/ US03/ 14653 25

e A M T A A St

ammonia.

6. The process according to claim 5 wherein said reducing agent is injected

in a molar ratio of 0.5 to 12 moles per mole of NO,.

7. The process according to claim 6 wherein said mixture comprises said
readily-oxidizable gas and said reducing agent in a molar ratio of 1:1 to

50:1 moles of readily-oxidizable gas per mole of reducing agent.

8. The process according to claim 7 wherein said reducing agent and
readily-oxidizable gas are injected with a carrier material such as steam

or air.

9. The process according to claim 8 wherein catalyst fines from the

regenerator are present in the regenerator off-gas.

10.  The process according to claim 9 wherein said mixture is injected into
said regenerator off-gas at a point between the regenerator and a carbon

monoxide combustion/heat recovery unit (COHRU).

11.  The process of claim 1 wherein said predetermined amount is a

reduction of NOy in said process stream by more than 30 vol.%.



sul f onat ed hydrocar bons, carbon nonoxi de, and hydrogen. 5. The process
according to claim4 wherein said reducing agent is ammonia. 6. The
process awoamsdiasgsto claim5 wherein said reduci ng agent PETIUSO®C46681 in a
nolar ratio of 0.5 to 12 noles per nolée of NOR 7. The process according to
claim6 wherein said m xture conprises said readily-oxidizable gas and
said reducing agent in a nolar ratio of 1:1 to 50:1 noles of

readi | y-oxi di zabl e gas per nole of reducing agent. 8. The process according
to claim7 wherein said reducing agent and readily-oxidizable gas are
injected with a carrier material such as steam or air. 9. The process
according to claim8 wherein catalyst fines fromthe regenerator are
present in the regenerator off-gas. 10. The process according to claim?9

wher ei n i d | S.d-nhect j: i z t a point
on P r ISpHcEs: foddMBE G 1M 2 winRifl SIBOYMGTE B AHUIRR LY ooy

bet ween the regenerator an

uni t ( COHRU) .wétldestilRiriphdere procebses|sactinad wali@r erubliag chlkale detudbingyed anmount
is a reduction of NO, in said process streamby nore than 30 vol.% WO
03/ 103808 PCThS0Bia s@BBbingsamponithe ssrehhing oadepdesmfurizationai m 2 wher ei n
step c) above is carri %d out, by wet desulfuri zati%r li)ocesses such as

wat er scr ubbiRFgCessFk SGh aysing Magganese Aade g actyas F% OHnmoni um scr ubbi ng
or dry desulfurization processes such as. using manganese oxi de or
activated carbon. 13. The process according to claim 12 wherein said SOx's

are remwed bphe process according to claim 12 wherein said SO,’s are removed by

wet gas scrubbing.

14.  The process according to claim 13 wherein said sodium chlorite is
mixed with said waste gas stream at a point downstream from the wet

gas scrubber of a combustion unit.

15.  The process according to claim 14 wherein said sodium chlorite is
mixed with said waste gas stream in said wet gas scrubber’s separation

drum.

16.  The process according to claim 15 wherein said sodium chlorite is
mixed with said waste gas stream in said wet gas scrubber’s separation
drum by using the spray nozzles of said wet gas scrubber separation

drum.

17.  The process according to claim 16 wherein said sodium chlorite is

mixed with deionized water before mixing with said waste gas stream.

18.  The process according to claim 1 wherein said higher oxides of nitrogen

are removed after step c).



wet gas scrubbing. 14. The process according to claim 13 wherein said
sodiumchlorite is mxed with said waste gas stream at a point downstream
from t he weto3/1gmss scr ubber of a conbustion unit. 15. The pCcoasss14szordi ng
to claim 14 wherein said sodiumchlorite is mxed with said waste gas
streamin said wet gas scrubber's separation drum 16. The process
according to claim 15 wherein said sodiumchlorite is mxed with said
waste gas streamin said wet gas scrubber's separation drum by using the
spray nozzles of said wet gas scrubber separation drum 17. The process
according to claim 16 wherein said sodiumchlorite is mxed wth deionized
wat er before i i 1 : : : ess according
to cl ai rg 91 V\hrglrlipg&%e\g? g&kﬂ?gih rt\ly(;ib?gih?eg@gvftE %?ltﬁigg}gelﬁéﬁgrr gﬁgg%gégd after step
c). WD 03/ 103080 RATysadahd §6l3cted Frdifl thd proupr orsisingadalalag: to cl aim 18
wherein said higher oxides are renoved by a neans selected fromthe group
consi sting of scdttien pheorpten,nedueingisebition ahsorptiog s¢mgbing, ammeniabsor pt i on,

scrubbi ng, ammmnia injection,..absorption wth water, and catal ytic
conversi on. 28JCCHO® B %%Btégn g}d@bwafeﬁga"(ﬁcaéﬂé{%%c@?vﬁ%i n an additional
anount of deionized water is mxed with said sodiumchlorite wherein said
addi ti onal anount of deionized water absorbs at |east a portion of said

hi gher @0.desTlé pridesL@®drding to claim 17 wherein an additional amount of
deionized water is mixed with said sodium chlorite wherein said
additional amount of deionized water absorbs at least a portion of said

higher oxides of nitrogen.



