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a NO,, containing waste gas streamw th an effective amount of sodium
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BACKGROUND OF THE INVENTION

[0002] Increasingly stringent government regulatory emission standards have led
refiners to explore improved technologies for reducing the concentration of nitrogen
oxides ("NO,") in emissions from combustion and production effluent or waste gas
streams. For example, the technology taught in United States Patent Number
3,957,949 to Senjo, et al., which is incorporated herein by reference teaches a method
for removing low-soluble pollutants, such as mercury and NO, from waste gas streams
by use of an oxidizing agent that is released from a compound, such as sodium
chlorite, that is injected into a recycle stream. Also, United States Patent Number
6,294,139 to Vicard et al., which is also incorporated herein by reference, discloses a
method for removing nitrogen oxides from waste gas streams by oxidizing nitrogen
oxide with chlorine dioxide or ozone, then bringing the oxidized gas in contact with.
sodium chlorite in a water solution. Further, it is known in the art to reduce NOy
concentrations in combustion effluent streams by the injection of ammonia, see United
States Patent Number 3,900,554 to Lyon, which is also incorporated herein by
reference. After the Lyon patent, there was a proliferation of patents and publications

relating to the injection of ammonia into combustion streams in order to reduce NOy



reference. After the Lyon patent, there was a proliferation of patents and
publications relating to the injection of amonia into conbustion streans
in order wo osaadisce NO, , WO 03/103810 PCT/ US03/ 14656 -2 comCEMISO3HI46661. Such
patents include United States Patent Nunbers 4,507,269 and 4, 115,515, both
of which are incorporated herein by reference. [0003] Even so, effluents
rel eased from conbustion units and production streans, such as the
regenerator off-gas of a fluidized catalytic cracking ("FCC') unit, renain
a source of NO, emssions fromrefineries. Many fluidized catal ytic
cracking process units incorporate we2- gas scrubbers to renove attrited
catalyst fines, with the ancillary benefit of these wet gas scrubbers
reduci ng NO2. Wil e scrubbi ng is effective for reducing NO2 enissions, it
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90% of cont a uni't's waste gas streans there is
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(or ' offgas) In order to obtain further reductions in total NO,

em ssions. [0004] One appr oach to reducing NO em ssions invol ves oxidi zi ng
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relating to the fenoval of SO7, speci es t'hat are typical present.

For  exaripliaconpordts vet@as strubbbes @rrieniove adititeddatalyst finos, |Wﬂh (iagzicilaryt o t he
wet gas scrubber liquor to_oxidize NO_., species to hi gher oxi des such as,
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majority (typically 90%) of the NO, contained on FCC unit's waste gas streams is NO,

there is a need for a method for reducing NO emissions from an FCC unit's waste gas

(or "offgas") in order to obtain further reductions in total NO, emissions.

[0004]  One approach to reducing NO emissions involves oxidizing lower oxide
NO, species to higher nitrogen oxides. However, the conventional methods involve
either chemicals that require extended reaction periods or they create problems within
the processing unit. Such problems include, for example, corrosion of materials of
construction, problems with treating the waste water from the unit, as well as
problems relating to the removal of SO, species that are typically also present. For
example, it is known in the art to add sodium chlorite (NaClO,) to the wet gas
scrubber liquor to oxidize NO, species to higher oxides such as, for example, to NO,
and N,O; which are water soluble and which can be removed from the process system,

typically as nitrate and nitrite, respectively.

[0005] However, the addition of sodium chlorite to the scrubber liquor has
disadvantages. For example, sodium chlorite is a costly chemical and can be
consumed by side reactions, such as the oxidation of SO, species to higher sulfur

oxides (e.g., SO, to SO3). Thus, because sodium chlorite does not selectively oxidize



[ 0005] However, the addition of sodiumchlorite to the scrubber |iquor has
di sadvant ages. For exanple, sodiumchlorite is a costly chem cal and can be
consuned W 03i1a381¢ eacti ons, such as the oxidation of SOX Pp#aise¥14666 hi gher
sul fur oxides (e.g., SO2 to SA3). Thus, because sodiumchlorite does not
sel ectively oxidize WO 03/103810 PCT/ US03/ 14656 -3 | ower oxide NO,, species
to higher nitrogen oxides, conventional nethods require the use of
relatively high sodiumchlorite concentrations in the scrubber liquor to
achieve the desired reduction of oxidizable NOx species. These high |evels
of sodiumchlorite lead to high chloctide | evels that cause, anong ot her

t hi ngs, corrosion of the scrubber's materials of construction. [0006]

Thus, there still is a need in the art for an econom cal and effective

met hod r C . . spheci from wast as streans. ..SUMVARY
& o PROERTEROboBoEY B0 nithst RaRR e KON RRR HRRERN st e | <
provi deghedREREHEE high sotAHH ChRFitDSYnEaRERIdNhE 34 HRSCrabbetdihfor 95 acRie€as,
whi ch streans contain both NOx and SOx speci es, I ch protess conpri ses:
a) renuhe dgsiacd teelmstion of paddizable NO} fpeciex Hpsebésh favels eidodiwashéoriies
stream_t hereby produci ng an SOx depl eted waste gas stream b) contacting
sai d Sdeadigphisheehlorde levglsthat eansm among gihesthisgs, casrasioiuaf thegtcrabhtirism
chlorite at. effective oxidation conditions that will oxidize at |east a
fracti %a@fla&(quqopégpgum species to higher nitrogen oxi des; and c)
removing at |least a fraction of said higher nitrogen oxides fromthe
treated waste gas stream [0008] In a preferred enbodi nent spray nozzles

i nt egr g0006) a Wahis,aBeresstillBikesieed in the art for an economical and effective method

to reduce the level of NOy species from waste gas streams.

SUMMARY OF THE lNVENTION

[0007]  In accordance with the present invention, there is provided a process for
reducing NO, concentrations in waste gas streams, which streams contain both NO,

and SOy species, which process comprises:

a) removing at least a fraction of the SO, species from said waste gas

stream thereby producing an SO, depleted waste gas stream;

b) contacting said SO, depleted waste gas stream with an effective amount
of sodium chlorite at effective oxidation conditions that will oxidize at

least a fraction of oxidizable NO, species to higher nitrogen oxides; and

¢) removing at least a fraction of said higher nitrogen oxides from the

treated waste gas stream.

[0008] In a preferred embodiment spray nozzles integral to a wet gas scrubber

. separator drum are used to contact the sodium chlorite with the waste gas stream.



separator drumare used to contact the sodiumchlorite with the waste gas
stream WO 03/103810 -4 PCT/US03/ 14656 [0009] In another preferred

enbodi nerwg oshessiesul ti ng hi gher nitrogen oxides of the ROI/Gspyticss are
removed fromthe waste gas stream by a nmethod selected from the group
consi sting of alkaline solution absorption, reducing solution absorption,
scrubbi ng, amonia injection, catalytic conversion, and absorption with
water. [0010] In still another preferred enbodi nent at |east a fraction of
the NO species initially present in the waste gas streamis renoved
before step a) above. DETAI LED DESCRI PHH ON OF THE PRESENT | NVENTI ON [ 0011]
As used herein, the terns NGO ,, NO, species, and nitrogen oxides refers
to. the various oxides of nitrogen that nay be present in conbustion waste
gasses. , f ¢ Rultiio IgheOit@pen dxiddstgfogen

I ncl udi LOB,hyEut I%%tﬁoflﬁn?tﬁeefgﬁ{eg,erﬁ%cﬁrﬂ!egﬂggi EI% (Ng) , gni trogen di oxi de (NO2),
ni t r ogetheNOspdeics BROEmoved frogethe weestd gas steeaiNBp 3)methiod selectad &ent her eof .
Also, the term"|lower nitrogen oxide" refers to nitrqgen ogi des that are
oxi di zatheegroup kpusisting of alkelingjsehitionabsawtionoyedusingoliien absprptieny ed

nitrogen oxide to be.oxi.dized since up to .90 w, % of the nitr n oxides in
a typi Wé@@é fpmonda \’r}}HE‘ftéorb§§%£W%S‘gt}¥q§8?e@do§ﬁstoﬁ%u% X@@Wg@ﬁ\/em ionis
NO. Therefore, in one enbodi nent, the process is especially concerned with
the reduction and control of NO [0012] The ternms flue gas, wet gas,
combust jopaoef f TH&HL abfieaPrefeprdduahbatinivns beleagasiradtidniefithesNOgapecivast e
gas, offgas, and waste gas stream are used interchangeably herein. Also,

t he t er initialfyt prpaentsiarthe veaste gas sitsainis rapypredtheforesirp a)cahebiBer are al so
soneti nes used interchangeably herein.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0011]  As used herein, the terms NOy, NO species, and nitrogen oxides refers to .
the various oxides of nitrogen that may be present in combustion waste gasses. Thus,
the terms refer to all of the various oxides of nitrogen including, but not limited to,
nitric oxide (NO), nitrogen dioxide (NO,), nitrogen peroxide (N,O,), nitrogen
pentoxide (N,Os), and mixtures thereof. Also, the term “lower nitrogen oxide” refers
to nitrogen oxides that are oxidizable to higher oxides. Nitric oxide (NO) is the most
preferred nitrogen oxide to be oxidized since up to 90 wt.% of the nitrogen oxides in a
typical FCC unit's waste gas stream treated by the present invention is NO.

Therefore, in one embodiment, the process is especially concerned with the reduction

and control of NO.

[0012]  The terms flue gas, wet gas, combustion effluent stream, combustion waste
gas effluent stream, waste gas, offgas, and waste gas stream are used interchangeably
herein. Also, the terms wet gas scrubber, scrubbing apparatus, and scrubber are also

sometimes used interchangeably herein.

[0013]  The present invention provides a cost effective manner for removing NOy

species from waste gas streams produced by combustion units, such as, for example,



[0013] The present invention provides a cost effective manner for renoving
NO. species fromwaste gas streans produced by conbustion units, such as,
for exanpwe,03n380B8/ 103810 -5 PCT/ US03/ 14656 t he wast e gasPgErEsSnaiwes by a
fluidized catalytic cracking process unit. The instant process involves
addi ng an effective anmount of sodiumchlorite to the waste gas stream
under conditions effective for oxidizing at |least a fraction of the |ower
nitrogen oxides, particularly NO contained in the waste gas streamto

hi gher oxides (e.g. NO2 and higher). As used herein, an effective anount
of sodiumchlorite is an anmount that oxidizes at |least a fraction of the
oxi di zabl e NO,, species present in the waste gas . stream By at least "a
fraction” we nean at |east 20 vol.% for exanple 20 vol.%to 80 vol.%

prefera Vel O Of 1 JYOuf 0 vol.%to,99 vol.% and
nost pr g#l% nga%eygistg%{eg%ttg |8 g\r{,loc{yﬂla{ﬁdlli% c‘?‘:{cﬁgﬁ% §€3§?§I¥%§W§ e?\%,‘l}ﬁ-sﬁ@% F‘és\a{arﬁr esent
in the wast@s iBASIves hedRAmC RV BRb R o b | 0014]
Thus, b\;ﬂl@)si ng sodi um .CF]‘FOH te tlo oxXi ﬁgbfﬁgﬁ@o%%fl%&ggﬁ%gg?% hi gher
oxi des sfreamtumipe condiiwnseffective foi@xidizing i least o fractidd ofthedswel hiRsfencan
be reduced,as the hlb’ h:(a)r9 ni trogen oxides such as, for exanple, NQ2 and

N205, aP&iqRsy Bartisylar roREnedhEnthg veastoogs stram taybighex pdetss (£.@0NE), As
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SO,, species to higher sulfur oxid non-preferentta tion

react i ostremy. [Bapat least faj feadtiond wehsdah\ellsast DO 961.0% Bl xathpRozh voLGNt@r i te
into the waste gas streamin order to renove a satisfactory anmount of NO ,

speci es 8grebéntpreferably 4ok’ otadOsvoldamors priiferabs 58 vol. % to 99 vol.%, and

most preferably substantially all of the lower oxide NO, species present in the waste

gas stream are oxidized to higher nitrogen oxides.

[0014]  Thus, by using sodium chlorite to oxidize the lower NO, species to higher
oxides of nitrogen, the level of NO, emissions from flue gas streams can be reduced as
the higher nitrogen oxides such as, for example, NO, and N,Os, are more easily

removed than are lower nitrogen oxides.

[0015] As discussed, the addition of sodium chlorite to the scrubber liquor is
described in U.S. Patent Number 6,294,139. Adding sodium chlorite to the scrubber
liquor is disadvantageous because sodium chlorite also oxidizes SO, species to higher
sulfur oxides. This non-preferential oxidation reaction may lead to injecting relatively
high levels of sodium chlorite into the waste gas stream in order to remove a
satisfactory amount of NO, species present in the waste gas stream. As discussed,
these high levels of sodium chlorite have the undesirable effects of causing corrosion
of the scrubber hardware, causing problems associated with waste water treatment, as
well as increasing the costs of reagents. Moreover, ﬁsing chlorine dioxide to oxidize
the NOy species to higher nitrogen oxides in combination with sodium chlorite
absorption to remove the higher nitrogen oxides has the additional disadvantage of

higher costs.



these high levels of sodiumchlorite have the undesirable effects of
causing corrosion of the scrubber hardware, causing problenms associ ated
wi t h wastwowatieasia reat ment, as well as increasing the co®C3I/ush3/1eagent s.
Moreover, using chlorine dioxide to oxidize the NO, species to higher

ni trogen oxides in combination with sodiumchlorite absorption to renove
t he higher nitrogen oxides has the additional disadvantage of higher
costs. WD 03/103810 -6 PCT/US03/ 14656 [0016] The instant invention solves
at | east some of these problens by contacting the waste gas stream
directly with sodiumchlorite downstrdam froman SOX renoval step. The SOX
renoval method enployed is not essential to the present invention and may
be any effective nmethod. In one enbodi nent, the SOX renoval nethod
preferably reduces the |l evels of SOX species in the waste gas streamto
bel ow 100 ppm preferably below 50 ppm and nore preferably bel ow 10 ppm
bef or e [piEs] S odiTUsingthhivinivestios solveeat leastsontesofithsseprpdderns byaontactings nost
preferred to renove substantially_ all_ of the SOX species present in the
wast e dhe wasicegas steehor direefdy vy sodium ghlgrite dopaistregdram an éé@ IGEeY? gas

ner oi n il Dt Shlsoagal FRHIOLORBIRYRets Bucc st 36 g PR Stk Rk B 27V
ser ”bbhﬁ&ggﬁgﬁ%ﬁ%ﬁ% h’rl%i‘ﬁb@.gln BRI ABBRANT ffe'SOPtddova¥BbY as.  dry

desul f ods such as usI'ng nangahese oXxl de or activated carbon.

Prefer ??Eﬂéraﬁlg%cﬁ@és&ﬁ@%@s &f SO,apevied ibtheawastt gdestreimrtodriown 00et hod,
nost referably by use of a wet gas scrubber. [0017] Wet gas scrubbers

r enove, ppingyrprefeaatlyehelawt 50 pem, arad aloye preferably helewstiXppapbefioss themadiumpy

cont athlh?ogritlé P}Se m\ql)%ggl svi aﬁqesvifgsetg rgnagvl .sttrehar}l.h B ?ﬁici)s rBrec elrr%rdi tE)erer%fotvgr the
substantially all of the SO, species 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 species are removed by a wet desulfurization method, most

preferably by use of a wet gas scrubber.

[0017]  Wet gas scrubbers remove, for example, attrited catalyst fines and SO
species. Thus, by contacting the waste gas stream with the sodium chlorite after the
scrubbers, there is a lower level of SO, species present in the waste gas stream at the
point of mixing with sodium chlorite. Consequently, lesser quantities of sodium
chlorite can be used to achieve the desired reduction of NO, species. Further, this
lower use rate of sodium chlorite also mitigates the above mentioned problems, such

as corrosion of hardware and waste water treatment.

[0018]  While the mechanism by which sodium chlorite oxidizes oxidizable NOy
species to higher nitrogen oxides is comple, it is believed that sodium chlorite can
react directly with the NO, species, or under acidic conditions, preferably below a pH

of 6 herein, form chlorine dioxide. While not wishing to be bound by any theory or



scrubbers, there is a |lower |evel of SOX species present in the waste gas
streamat the point of mxing with sodiumchlorite. Consequently, |esser
quantiti ewOmB/1838d6 um chlorite can be used to achi eve t hePdgdiSogtheseduct i on
of NOX species. Further, this |ower use rate of sodiumchlorite al so
mtigates the above nentioned problens, such as corrosion of hardware and
waste water treatnent. [0018] Wiile the nmechani sm by which sodiumchlorite
oxi di zes oxi di zabl e NOX species to higher nitrogen oxides is conplex, it
is believed that sodiumchlorite can react directly with the NOX species,
or under acidic conditions, preferably7below a pH of 6 herein, form

chl orine dioxide. While not wishing to be bound by any theory or WO
03/103810 PCT/ US03/ 14656 -7 nodel, it is believed that under such acidic
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oxi di Ze&lsbﬁbyﬁfrtlbﬁktﬁ Retei sodiu idrisahry cllytifiedioxihe. | E‘hé(g‘aswusfvhltfrmd 0 be
bound, it is believed that the general oxidation reaction where chlorine
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guantities of sodium chlorite. Accordingly, when the sodiumchlorite
di sproportionates, there should be a sufficient concentration of chlorine

di oxi de present toBoxiatload: t IFNO ev@CI0CK '481,00— BERNEs +BEAks. 1 n one
enbodi ment, the amount of chlorine dioxide used ranges from3 to 8 noles
of Cl02 to 5 noles of NO Alternatively, the anount ranges from4 to 7

[0019]  When using sodium chlorite in an acidic environment, preferably below a
pH of 6, the amount of chlorine dioxide needed to oxidize lower NOy species to higher
oxides must be considered to ensure the presence of sufficient quantities of sodium
chlorite. Accordingly, when the sodium chlorite disproportionates, there should be a
sufficient concentration of chlorine dioxide present to oxidize the lower NOy’s to
higher oxides. In one embodiment, the amount of chlorine dioxide used ranges from 3
to 8§ moles of CiOZ to 5 moles of NO. Alternatively, the amount ranges from 4 to 7
moles of ClO, to 5 moles of NO. Preferably a slightly greater than stoichiometric

amount of sodium chlorite, for example, 3 to 4 moles of ClO; to 5 moles of NO.

[0020] As discussed, sodium chlorite can also oxidize NOy species directly. This
oxidation can occur in a slightly acidic environment, e.g., a pH of 6 to 7, a neutral
environment, pH of 7, or a basic environment, pH above 7. However, as the pH
increases to 10, the absorption of NO species decreases. While not wishing to be
bound, it is believed that the mechanism by which sodium chlorite reacts directly with

NO, species can be represented by Equation 2 below.

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



nol es of Cl02 to 5 noles of NO Preferably a slightly greater than
stoichionetric anount of sodiumchlorite, for exanple, 3 to 4 noles of
C102 to SwowmBaessod NO [ 0020] As di scussed, sodi um chl ori PeTABN3/8d65©

oxi dize NO, species directly. This oxidation can occur in a slightly
acidic environnent, e.g., a pHof 6 to 7, a neutral environnment, pH of 7,
or a basic environnent, pH above 7. However, as the pH increases to 10,

t he absorption of NOx species decreases. Wile not wishing to be bound, it
is believed that the nmechani sm by which sodiumchlorite reacts directly
with NO species can be represented by Equation 2 bel ow. Equation 2: 4NO +
3NaCl®2 + 2H20 --+ 4HNO3 + 3NaCl. WO 03/103810 PCT/ US03/ 14656 -8 [0021]
When sodium chlorite oxidizes NO,, species directly, the amount of sodium

chlorit ppoased VWhen sydiveathoriteogilizdsaN03 sklozé@difreéfgs thé'emdufit 6hscdiBi i C

amount of sodiumchlorite to | ower oxide species, preferably from2 to
8 t i meschlbsite vsesi will typicallycrange firm 3znd Oniimes fhesfteichinmetsici aghotnft off eat er
i Qnetric of sadi um for exanple, 1.1 to 2.5

t han t he stoi hlarite,
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The rermpval of these higher nitroden oxi des may be acconpli by any

ef f ect i needeprio oaidize Stlehstpr fraetisesf thedowae nitbogenas:ddesto highet exides, the use
of an al kaline solution such as an aqueous caustic soda solution or a
reduci ng sol ution such as an aqueous sodiumthiosulfate solution, sodium
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pref er ghigobh %x%s?é@l%gst%actm@géh&rh%r ﬁﬁf@éﬁdo)&éfess&arn%fe%ved.
The removal of these higher nitrogen oxides may be accomplished by any effective
process. Such 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. Most preferably the oxidized NO, compounds are removed by scrubbing
with water because the higher oxides such as, for example, NO, and N,Os are more
water soluble than are the lower nitrogen oxides. In the practice of the presently
claimed invention, 20 vol.% to 100 vol.% of the higher oxides are removed after
oxidation, preferably 40 vol.% to 80 vol.% of the higher oxides are removed after
oxidation, more preferably 60 vol.% to 90 vol.% of the higher oxides of the NOy

species are removed after oxidation.

[0023]  Asdiscussed, it is preferred that at least a fraction of the SOy species of the
waste gas stream be removed, preferably by wet gas scrubbing. Thus, in one
embodiment, sodium chlorite is mixed with the waste gas stream in an existing
separator drum typically associated with the wet gas scrubber. A conventional
separator drum may contain hardware such as spray nozzles located within the

separator drum. In one embodiment, a contaminated waste gas stream is conducted to



wi th water because the higher oxides such as, for exanple, NO2 and N205 are
nore water soluble than are the | ower nitrogen oxides. In the practice of
t he presewOlog/1038h@i med i nvention, 20 vol.%to 100 vol . % ofPCrhusodiigber

oxi des are renoved after oxidation, preferably 40 vol.%to 80 vol.% of the
hi gher oxides are renoved after oxidation, nore preferably 60 vol.%to 90
vol . % of the higher oxides of the NO species are renoved after oxidation.
[ 0023] As discussed, it is preferred that at |east a fraction of the SO
species of the waste gas stream be renoved, preferably by wet gas
scrubbing. Thus, in one enbodinment, s®diumchlorite is mxed with the
waste gas streamin an existing separator drumtypically associated with
the wet gas scrubber. A conventional separator drum may contai n hardware
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enbodi nent’, a contam nated waste gas Streamis C

PCT/ USOthielstfeat eomstectartiaé sodidmiighiarics. t The sedumeIBHEY bdrebd ﬁrﬁ%&%@%ﬂﬂgr ough
the spray nozzles so that the streamcontacts the sodiumchlorite. The

sodi um Whtesr prederably drionized water exchioh abts asat erriepflefdeodistter déiperdezthd wat er

whi ch acts as carrjec.flujd to better disperse the sodiumchlorite.
Addi t1 ofeud e Additional amaysiat deiizekwaisr ayasibe Rpiaygd thughepe ay

I L ; i-oni zed ter,.. it is ant that anount
of ** ger Fury oRoHet BY AT bRt S ORI Pt 1 medud Thahammpuhel iy ger
ni t r ogedeinizea svatbORFfidichP tAAJIB at RHROS RHbn of 1 BEHEF ARl fesS0di UM
chlorite than necessary to oxidize a given fraction~of the )?spem es
present in the waste gas streamis mxed wth the waste gas stream after

the SOX renoval ste%. Thi s additional amount of sodiumchlorite oxidizes at
| east al0P2Hcti &m aBpthghymborinpet pascatenamanngof spdivw ckdetite than necessary

to oxidize a given fraction of the NO species present in the waste gas stream is mixed
with the waste gas stream after the SO, removal step. This additional amount of
sodium chlorite oxidizes at least a fraction of any SO, species remaining in the waste
gas stream to higher sulfur oxides after the SO, removal step. These higher oxides of

SOy species can then be removed by any effective method.

[0025]  In another embodiment, the waste gas stream is passed through an initial
NOx removal step to remove at least a fraction of the NO, initially present in the
waste gas stream in order to reduce the amount of sodium chlorite needed to oxidize
the remaining oxidizable NOy species in the waste gas stream. In this first NO,
removal step, at least 10 vol.%, preferably from 10 vol.% to 30 vol.%, more
preferably from 20 vol.% to 60 vol.%, and most preferably 30 vol.% to 90 vol.%, of
the NO, initially present in the waste gas stream are removed before the waste gas
stream is mixed with the sodium chlorite. The manner in which an initial amount of
NO, species is removed before the waste gas stream is mixed with sodium chlorite is

not critical and may be any effective method.

[0026]  The above description is directed to one preferred means for carrying out
the present invention. Those skilled in the art will recognize that other means that are

equally effective could be devised for carrying out the spirit of this invention.



gas streamto higher sulfur oxides after the SOX renoval step. These higher
oxi des of SO,, species can then be renoved by any effective nethod. [00251
| n anot hewoaahaddiorent, the waste gas streamis passed thr @aglusasiidené t i al
NOX renmpoval step to renobve at least a fraction of the NOX initially present
in the waste gas streamin order to reduce the anount of sodiumchlorite
needed to oxidize the remaining oxidizable NOX species in the waste gas
stream In this first NOX renoval step, at least 10 vol.% preferably from
10 vol.%to 30 vol.% nore preferably from20 vol.%to 60 vol.% and nost
preferably 30 vol.%to 90 vol.% of tle NO initially present in the waste
gas stream are renoved before the waste gas streamis mxed with the
sodiumchlorite. The manner in which an initial anount of NO , species is
renmovedpheA ML ESe waste gas streamis mxed with sodiumchlorite is not
criticall and may be any effective nethod. [00261 The above description is
directed to one preferred neans for carryi ng out the present invention.

Those skilled i th art will ecog nmeans .that are equally
ef fecti (M2%oul & B gXpYPlesay f}ﬂﬁl@traw e. eeﬁml}qssef thepresetivent i on.
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limt the present invention in any nmanner. EXAMPLE | [0028] The addition of
sodiumchlorite to a waste gas streamwas tested in a bench scale

envi r onEXIKMPILE 1concentrati on of SOX species and NOX species present in
the waste gas stream. a sinmulated scrubber |iquor, were neasured before

t he experinent began, and this data is shown in Table 1 below. The initial

tenper a[t()ldrzg] of he 2 ddiiGt oF sodium chlorite to a waste gas stream was tested in a bench

scale environment. The concentration of SO, species and NOy species present in the
waste gas stream, a simulated scrubber liquor, were measured before the experiment
began, and this data is shown in Table 1 below. The initial temperature of the stream
was measured using 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,.

[0029] The waste gas was allowed to flow through a 5 cm bench scale venturi
scrubber, and sodium chlorite was added to the waste gas stream downstream from the
scrubber. The pH and sodium chlorite concentration of the system, along with the
outlet concentration of SO, species and NOy species, were also monitored. The
experiment removed greater than 95% of the SOy species and greater than 90% NO,
species initially present in the waste gas stream. All parameters, along with the results

of this experiment, are reported in Table 1 below.



was neasured using a thernocoupl e device and was observed to be 68F. The
initial oxygen concentration of the waste gas stream was al so neasured and
was det erwDrado3sio® be 3.0 vol. % 02. [0029] The waste gas Wwag/usos/owed 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
sodiumchlorite concentration of the system along wth the outlet
concentration of SOX species and NOX species, were also nonitored. The
experiment renoved greater than 95% of the SOX species and greater than 90%
NOX species initially present in the-haste gas stream Al paraneters,
along with the results of this experinent, are reported in Table 1 bel ow
WO 03/ 103810 -11 TABLE 1 PCT/ US03/ 14656 NOx i nl et 50-60 ppnv SOx inlet50-500
ppmv Waste Gas Tenperature68F 2 vol . %3 Scrubber Liquorsimnulated NaClQ2
concentration0.01-0.1 M System pH4.05-9.10 NOx outlet (% renoval )> 90% SOx
outlet (%renoval )> 95% EXAMPLE 2TARBE]1 An enbodi nent was al so tested on a
full -scal e operational fluidized

NOx inlet 50-60 ppmv

SOx inlet 50-500 ppmv

Waste Gas Temperature 638°F
02 vol.% 3

Scrubber Liquor simulated
NaClO, concentration 0.01-0.1M
System pH 4.05-9.10

NOx outlet (% removal) > 90%
SOx outlet (% removal) >95%

EXAMPLE 2

[0030]  An embodiment was also tested on a full-scale operational fluidized
catalytic cracking process unit. This experiment was performed without any
modifications to the existing separator drum associated with the wet gas scrubber of

the fluidized catalytic cracking process unit.

[0031]  In this experiment, the spray nozzles of the wet gas scrubber separator drum
of the fluidized catalytic process unit were used to mix the sodium chlorite with the
waste gas stream. The sodium chlorite was first 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 fraction of the resulting

higher nitrogen oxides by water absorption.

[0032]  This experiment implemented one embodiment of the present invention on

the fluidized catalytic cracking process unit for a period of three days during which



catal ytic cracking process unit. This experinent was perfornmed w thout any
nodi fications to the existing separator drum associated wth the wet gas
scrubber wb o3tibas1d | ui di zed catal ytic cracki ng process uni PCT[U3031465d n t hi s
experinment, the spray nozzles of the wet gas scrubber separator drum of
the fluidized catalytic process unit were used to mx the sodiumchlorite
with the waste gas stream The sodiumchlorite was first mxed with

dei oni zed water and sprayed into the separator drum using the spray

nozzl es. An additional anmount of deionized water was al so used in this
experinment to renove a fraction of thRE-resulting higher nitrogen oxides by
wat er absorption. [0032] This experinent inplenmented one enbodi nent of the
present invention on the fluidized catalytic cracking process unit for a
peri od h d Ny Wely! 3/@]913 5 i2bRataNO

oxi dat i ,Og%éfgfr%gr W%@ﬂ%ﬁpérg}%@gyﬁ’ go [ uré}glﬁﬁgeglﬁ?gjifafégﬁégtggﬁﬁand dei oni zed

vat er FlUwpi‘hité Hefe WRIBLOTBAbAQEQrast] ThediGledidaTioa aNa NE) dembeal iand NOX
renoval is reported as a percentage which is defined for uses herein as

t he [ (repoetedcasrcpercentagerwhich iredefinddefor useckereimes Be)(inkteoneHERL MY at i on] *
100. This data is reported below in . Tabl bel ow.. TABL Wat er Fl ow
Na.CLOR {9 o otoBReRfEt G iNtsk C%ﬂiﬁi\?@iﬁoeg*bﬂl\%%(- S’E‘h‘f@@fé is reported belot

Table 2 below.
TABLE 2
Day Water Flow | NaClO, flow | NO oxidation | NOx removal

(gpm) (gpm) % %

80-90 0 0 0

90 1 42 15

200 2.3 94 49

300 2.3 99 57

1 0 0 0 0
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

[0033]  The maximum water flow rate associated with the spray nozzles of the

separator drum utilized in this experiment was 465 gpm. Thus, it is believed, based on



80- 90000 9014215 2002. 39449 3002. 39957 10000 46529955 246529946 4651. 89944
4651. 59942 4651. 259940 4651. 19939 4650. 79339 465000 31701519 1701. 86313
17026713 WO021@B6L5 3502. 39832 4652. 29745 3501. 89944 35019C3PHOGSA The
maxi num water flow rate associated with the spray nozzles of the separator
drumutilized in this experinment was 465 gpm Thus, it is believed, based
on WO 03/103810 -13

-13-

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.

[0034]  Also, it is believed, that by increasing the gas/liquid contact area, the NOx
removal rate will also increase. Packing material used in this experiment and it was
limited to 5 ft of the separator drum. It would be advantageous to 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.



PCT/ USO03/ 14656 the coll ected data, that by utilizing spray nozzles wth a
hi gher flow rate capacity, or nodifying the spray nozzles used herein in a
manner swboBheasia heir flow rate capacity is increased, Pog/UST/1465€NOVal
rate would increase. [00341 Also, it is believed, that by increasing the
gas/liquid contact area, the NO,, renoval rate will also increase. Packing
material used in this experinent and it was |imted to 5 ft of the
separator drum It would be advantageous to increase the gas/liquid contact
area by, for exanple, increasing the volunme of packing material or by
utilizing a packing material that woul-d4provide for an increased gas/liquid
contact area. WO 03/103810 -14 CLAIMs: PCT/US03/ 14656 1. A process for
reduci ng NOX concentrations in waste gas streans, which streans contain
bot h NOCBAIMBEX speci es, which process conprises: a) renoving at |east a
fraction of the SOX species fromsaid waste gas streamthereby producing a
SOX depl eted waste gas stream b) contacting said SOX depl eted waste gas
streamwith an effective anpunt of sodiumchlorite at conditions that wll
oxi di ze lat | fnprocgss forgedueingNOpgoatenitationsidxwaste @as streamisj whéch strdanmgen

oxi des; and ¢ enpyvj t | t a fracti.qn of said higher nitrogen oxides.
2. The procegéngf&ngpﬂﬁnﬁﬁta&dm}i TRELIG ST hPIOSPRP ¢IBPESEas streamis from a
fluidized catal ytic cracking process unit. 3. The process according to

claim2 wherein step a) above is carried out by a wet
a) removing at least a fraction of the SO, species from said waste gas

stream thereby producing a SO, depleted waste gas stream;

b) contacting said SOy depleted waste gas stream with an effective amount
of sodium chlorite at conditions that will oxidize at least a fraction of

oxidizable NOy species to higher nitrogen oxides; and
c) removing at least a fraction of said higher nitrogen oxides.

2. The process according to claim 1 wherein said waste gas stream is from a

fluidized catalytic cracking process unit.

3. The process according to claim 2 wherein step a) above is carried out by a wet
desulfurization processes such as water scrubbing, alkali scrubbing, magnesia

scrubbing, ammonium scrubbing.

4. The process according to claim 2 wherein step a) above is carried out by a dry
desulfurization process using an agent selected from manganese oxide and

activated carbon.

5. The process according to claim 3 wherein said SO, species are removed by wet

gas scrubbing.



desul furi zation processes such as water scrubbing, alkali scrubbing,
magnesi a scrubbing, amoni um scrubbing. 4. The process according to claim
2 wher ei rwetoapoxm)o above is carried out by a dry desul furiPzatisoniqsso©cess
usi ng an agent sel ected from nmanganese oxi de and activated carbon. 5. The
process according to claim3 wherein said SOX species are renoved by wet
gas scrubbing. WO 03/103810 -15 PCT/ US03/ 14656 6. The process according to
claim5 wherein said sodiumchlorite is contacted wth said waste gas
stream at a point downstream fromthe wet gas scrubber of a conbustion
unit. 7. The process according to claims5 wherein said sodiumchlorite is
contacted wth said waste gas streamin a separation drum associated with
a wet gas scrubbing unit. 8. The process according to claim5 wherein said

sodi um cgl oritg t tion
drum of a wet g%gﬁ)sc%fgﬂgﬁ&ggﬂﬁntméﬁpﬁr oug ﬁsﬁ cgas({l&%l %ﬁg}d a’3§ CﬂB%ff 9 The
process accorwith@aidwasteigas btreharsiahoiad dbv@ﬁ’ﬁféai’ﬁ ﬁBhPfHet Wwet s”é‘ci‘ﬁﬁioe

wat er before contacting said waste gas stream 10. The process accor(?l ng to
cl ai m 1 wher &t eombustesunid fracti on of said hi gher n| trogen oxides is

renoved by a nethod selected from al kaline solution absorption, reducing
sol ution absorption, scrubbing, ammnia injection, absorption with water,

and cat ap yti orgOIVRL £bording to claim 5 wherein said sodium chlorite is contacted
with said waste gas stream in a separation drum associated with a wet gas 4

scrubbing unit.

8. The process according to claim 5 wherein said sodium chlorite is contacted
with said waste gas stream in a separation drum of a wet gas scrubbing unit

through at least one spray nozzle.

9. The process according to claim 1 wherein said sodium chlorite is mixed with

water before contacting said waste gas stream.

10.  The process according to claim 1 wherein at least a fraction of said higher
nitrogen oxides is removed by a method selected from alkaline solution
absorption, reducing solution absorption, scrubbing, ammonia injection,

absorption with water, and catalytic conversion.

11. The process according to claim 10 wherein at least a fraction of the higher
nitrogen oxides is removed by ammonia injection wherein the ammonia is

injected in admixture with hydrogen.

12.  The process according to claim 9 wherein an amount of deionized water
sufficient to absorb at least a fraction of said higher oxides is injected with said

sodium chlorite.



11. The process according to claim 10 wherein at |east a fraction of the

hi gher nitrogen oxides is renoved by anmoni a injection wherein the anmoni a
is injecwodsitmsadnm xture with hydrogen. 12. The process &ctarsdy/ngsé o cl ai m
9 wherein an anount of deionized water sufficient to absorb at |east a
fraction of said higher oxides is injected with said sodiumchlorite. WO
03/103810 PCT/ US03/ 14656 -16 13. The process according to claim3 wherein
at least a fraction of NOX species initially present in said waste gas

stream are renoved before said step a) of claim1l above.
-16-

13.  The process according to claim 3 wherein at least a fraction of NOy species

initially present in said waste gas stream are removed before said step a) of

claim 1 above.



