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I N WASTE GAS STREAMS USI NG CHLORI NE DI OXI DE FI ELD OF ON [ 00 1]
The present invention relates for reduci ng NO

concent r at i¥A8/19380ast e gas stmgﬁﬂwmmmmmbart icularly, tI‘n’ET@,S%’é]ét%
invention relates to contacti ) -contai ning waste gas streamw th an
effective anount of chlorine di oxi'®®Under conditions such that at |east a
fraction of the oxidizable NO,, species present in the waste gas streamis
oxidized to higher nitrogen oxides. BACKGROUND OF THE | NVENTI ON [ 0002]

| ncreasi ngly stringent PRIVEESSRO RB@QWWG@%@lWﬁ%’I‘EndardS have | ed
refiners to explore i (RAS\SKREAMS &/SI) RINE, DIOXEE concentration of
nitrogen oxi des ("NO ") i n em ssions from conbust i on and production
effluent or waste gas streams. For exanple, the technology taught in

Uni ted Stat FEERE OF THE THON 949 to Senjo, et al., which is

I ncor por at ed here| n by reference teaches a nethod for renoving | ow sol ubl e
pol lutants, such as nercury and NO, from waste gas streans by use of an
oxi di zi ng agﬂ@i 1.t Nathel sresen@ if@naen FEIaER & ?fﬂé@&!ﬂ@r rédigingNOz0di um chl orite,
that is inj ed into'a recycle stream so, United St ates Pat ent Number
6, 294, 139 t condentrations inavaste gashstrdamiss Mbmqaar&mdarﬂmrthe preseet igvention
reference, discloses a meth]gﬂ)for r,enovin Xi d?’ec .r om wast e gas

streans by BRESs 10 SRPBEIMERRNP AL %gtvypsgc gas streath with an

amount of chlorine dioxide under conditions such that at least a fraction of the

oxidizable NO, species present in the waste gas stream is oxidized to higher

nitrogen oxides.
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 produdtion 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
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chl orine di oxi de 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 NO., concentrations in conbustion ef fl uent streans t he injection
of ammoni aWQBKIM| t ed States Patent Number 3,900,554 to E A0 Aff*ch i s
al so incorporated herein by reference. After the Lyon patent, there was a
proliferation of patents *ACTI ON* WD 03/103809 -2 PCT/ US03/ 14654 and
publications relating to the injection of ammonia into conbustion streans
in order to reduce NO concentration. Such patents include United States
Patent Nunbers 4,507,269 and 4, 115, 515,2bot h of which are incorporated
herein by reference. [00031 Even so, effluents rel eased from conbusti on
units and production streans, such as the regenerato off lgljas of a

f1uidized cmcbpyhlnqat@namlatmg f\o'thwnycthmrﬁftannn@#ﬁﬂlﬁt%@ seays 1n

em ssions fr efi ner : | a ess units
i ncor por at e° R%g]f{‘b%?él g% e %atpgnﬁﬁgr Pt Saih%(il QUﬁ{eﬁﬁé@QPR{eﬁP gas
scrubbers hﬁ‘ﬁﬁ}ﬁeps% 309] Izksbfami 4bﬂr5651|5t b6th dfophich ag ﬁi68rp©mt6<$ herein by Wi e
scrubbing is fective for reduci ng NO2 em ssions, it is not as effective
for reducirefefdficem ssions. Since a majority (typ| cally 90% of the NO, ,
contained" on FCC unit's waste gas streans is NO, there is a need for a
met hod for reduci ng NO emi ssions froman FCC unit's waste gas (or

"of f gas”) t ¥6ibASFor HnitsCdrdll pro@ucticyn ssi ons.
[0004) One @8@513 %B @F%%qﬂgg%%fg(gﬁoﬁs I nvol ves OXI%I zi ng | ower

oxi de NOX s@fegings; sﬁ@hhumheégeﬁetatmgﬁﬁ-gaxoﬂeﬂuldtwbwuyuc emckingAERCCEhal

unit, remain a source of NO; emissions from refineries. Many fluidized catalytic

cracking process units incorporate wet gas scrubbers to remove attrited catalyst
fines. Wet gas scrubbers have the ancillary benefit of reducing NO, emissions.
While scrubbing is effective for reducing NO, emissions, it is not as effective for
reducing NO emissions. Since a majority (typically 90%) of the NOy 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 NOy 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 SOy 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 NOx species to higher oxides
such as, for example, to NO, and N,05 which are water soluble and which can

be removed from the process system, typically as nitrate and nitrite, respectively.



met hods i nvolve either chem cals that require extended reaction periods or
they create problens within the processing unit. Such probl ens include,

for exanple, corrosion of materials of construction, problens wth
treating t N¥O 049880 vater fromthe unit, as well as probl RS UNg to
the renoval of SO, species that are typically also present. For exanple,
it is knowmn in the art to add sodiumchlorite (NaCl02) to the wet gas
scrubber liquor to oxidize NO, species to higher oxides such as, for
exanple, to NO2 and N205 which are water_sol uble and which can be renoved
fromthe process system typically as nilrate and nitrite, respectively. WO
03/ 103809 PCT/ US03/ 14654 3 [0005] However, the addition of sodiumchlorite

to the scrubber liquor has. di.sadvantages. [For. ex le, ., sodiumgchlorite is
a costly chii®0gh ek the ada‘&‘% B&L‘HW %hl%teﬁggg‘tp? Rber Jigugr ﬁgs t he

oxi dati on of;. Ci bl IS : 0X] S3B) .
Thus, becauIshesgéR(y)adllt%gb ﬁ?)gre% @gﬁ%bib:d’%%?h idgtgtl:s%{:/% &gﬁ%ﬁlzagg)i%gé\gs oxi de NO,
speci es to pogeted byt 5i0€ feactivhg) €ach snthe@xidationlof STeispecies tockjgheresulfae use of

relatively high sodiumchlorite concentrations in the scrubber ]iquor to
achi eve t heoxides (g, PRt 80ch Bhus ReeAuse pedivmeshlarife dogs not sp?f‘éélé{e i gh | evel s

f di hl.qti | ead. igh chl oki I I . h
Chi ns. cor PO phide Ay Befes S gty hicel PBh iRBfond " 0000) Thus,

there still peshqish6fird thetd€ ofdlatiily AlhaRdiRATERYited6hehfraidrsva theret hod to
reduce the Vigvel Sof NG, , espe(c:)i es fro}r,n waste gas streans. SUMVARY OF THE

| NVENTI ON [ Sd0bberlliquart tiwadhdereetheidesiradwedpetioncof oxidizable NG, spegigse i s
provi ded a process, .for reducin . concentrations Jn te gas streans,
Whi ch st catBeanEhisely AR Chlgrte (68 1o BighRAATAL I dpit 5B ass

conprises. among other things, corrosion of the scrubber’s materials of construction.

[0006]  Thus, there still is a need in the art for an economical and effective

method to reduce the level of NO, species from waste gas streams.
SUMMARY OF THE INVENTION

[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 SO, compounds, which process comprises:

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

stream thereby producing a SOy depleted waste gas stream;

b) contacting said SOy depleted waste gas stream with an effective
amount of chlorine dioxide at effective oxidation conditions that
will oxidize at least a fraction of oxidizable NOy species to higher

nitrogen oxides; and



a) renoving at least a fraction of the SO species fromsaid waste gas
streanlthereby produci ng a SO depl eted waste gas streanm b) contacting
said SO, , | eted waste gas streamwi th an effective anounh]of chl ori ne
di oxi de atVE$P¥U?$9e oxi dation conditions that will oxidFz& S 18¥st a
fraction of oxidizable NOx species to higher nitrogen oxides; and WO

03/ 103809 4 PCT/ US03/ 14654 c) renoving at least a fraction of said higher
nitrogen oxides fromthe treated waste gas stream by a nmeans sel ected from
the group consisting of alkaline solution absorption, reducing solution
absorption, scrubbing with water, anmmoni-#-i njection, and catal ytic
conversion. [0008] In a preferred enbodinent spray nozzles integral to a
wet gas scrubber ontact the chlorine dioxide

se)parat or dr used l{ﬁgg(f i |

with the waste gas © tf?%‘&}ﬂng[% C*é?rb? b@ﬁ@%@e@@mpmm | east
a fraction of the NO te3 ste gas streamis
renoved before step a) a%g\%ﬁ%ﬁtt%é%ég %W&E’%ﬁﬁ%ﬁg | NVENTI ON
[00101 As used herei nponmmngofmkm“dﬁﬁbnsmwﬁﬁm AddcitgldoRfifRm Oxi des
refers to the various oxides of nitrogen that may be present in conbustion

waste gasses. Thus, eReorpHEeRscrubbing Wﬁhéﬂ’ﬂtefeannnmlla/au ¢aion, ond datalytit

ni trogen incl udi ng, ‘#‘%?% limted to, nitric oxide (NO, nitrogen
di oxi de (NQ2), nitrogé Y) % de (N204), nitrogen pentoxi de (N205), and

m xtures thereof. Al so, the term"I| ower

[0008]  Ina preferred embodiment spray nozzles integral to a wet gas scrubber
separator drum are used to contact the chlorine dioxide with the waste gas

stream.

[0009]  Inanother preferred embodiment at least a fraction of the NO, species

initially present in the waste gas stream is removed before step a) above.
DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0010] 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 (NO5), nitrogen peroxide
(N20y), nitrogen pentoxide (N0s), and mixtures thereof. Also, the term “lower
nitrogen oxide” refers to nitrogen oxides that are still 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 is
NO. Therefore, in one embodiment, the instant process is concerned with the

reduction and control of NO.

[0011]  The terms flue gas, wet gas, combustion effluent stream, combustion

waste gas effluent stream, waste gas, offgas, and waste gas stream are sometimes



ni trogen oxide" refers to nitrogen oxides that are still oxidizable to

hi gher oxides. Nitric oxide (NO is the nost preferred nitrogen oxide to
be oxidized since up to 90 w.% of the nitrogen oxides in a typical FCC
unit's wastOBHW3B® " NO Therefore, in one enbodi nment, th@CFﬁ§%§HW5brocess
I's concerned with the reduction and control of NO [0011] The terns flue
gas, wet gas, conbustion effluent stream conbustion waste gas effl uent
stream waste gas, offgas, and waste gas stream are sonetines WO 03/ 103809
PCT/ US03/ 14654 5 used i nterchangeably herein. Also, the terns wet gas
scrubber, scrubbing apparatus, and scrubber are al so sonetines used

I nt erchangeably herein. [0012] The present invention provides a cost
effective for renoving NQ species fromwaste gas streans,., ,The oxidation

?f NOf I spechegd m@rﬁh@ﬂ@abléfihea@@- Al%O,ngP @W%&ef g8 Wbl?% CERRRIBE NO, f speci es
exanpl o, NCBRATRROTR! REGRR G A sdtheilfEs ol PREhaKLATT HBMED, P2 0T

oxi des, and can be nore easily renoved fromthe systemas nitrate or
nitrite. Thus, the instant process involves adding an effective anount of
chlorine di B0k t Theiuesanst invegtion pravidenasrsbelfedtivei for samoviBg NQ¢ i ve for

oxidizing at least a fraction of t | ower. nit en oxi rticularly
NO, cont ai n&RFS THE W _2? gasgﬂgeag)[sr 531&0 V%mt? ioé‘iﬁ\g(g’ﬂslfe(?l%ﬁg%’ghep ﬁf"tdleggen
oxi des (e. gjg amgecﬁgé Wdfﬂ%%ﬁxovﬁ@&g@éi@@ﬁ‘bn?ﬂhé’ §§s SPehnid Witald the enoved by
al kal i ne sol'ution absorption, reducing solution absorption, scrubbing
ammoni a i nj Bighepnitrogeh aikydes suclvay dosexample\N@p suwd PhOg arevwater warer . As used
herein, an effectjve amount of chlorjne dj oxide is an, am)unt‘ﬁlt&ﬁ%1 xi di zes

at |east a $olubleithen Bre lower gitrogen gEIdes gnd caghednars easiy Zeoy ste gas

stream system as nitrate or nitrite. Thus, the instant process involves adding an
effective amount of chlorine dioxide to the waste gas stream under conditions
effective for oxidizing at least a fraction of the lower nitrogen oxides,
particularly NO, contained in the waste gas stream are oxidized to higher
nitrogen oxides (e.g., NO, and higher). These higher oxides may then be
removed by alkaline solution absorption, reducing solution absorption, scrubbing
ammonia injection, catalytic conversion and absorption with water. As used
herein, an effective amount of chlorine dioxide is an amount that oxidizes at
least a fraction of the oxidizable NO, species present in the waste gas stream.
By at least “a fraction” we mean at least 20 vol.%, for example 20 vol.% to 80
vol.%, preferably 40 vol.% to 90 vol.%, more preferably 50 vol.% to 99 vol.%,
and most prefefably substantially all of the lower oxide NO species present in

the waste gas stream are oxidized to higher nitrogen oxides.

[0013]  The addition of sodium chlorite to the scrubber liquor is described in
U.S. Patent Number 6,294,139, Typically, though, the reagent that oxidizes the
lower nitrogen oxides to higher nitrogen oxides (e.g., NO to NO; and/or N2Os) is
actually chlorine dioxide, not sodium chlorite. Thus, sodium chlorite is typically
injected into the waste gas stream with an acidic component that is capable of

disproportionating the sodium ions and chlorine dioxide.



By at least "a fraction" we nean at |east 20 vol.% for exanple 20 vol.%to
80 vol.% preferably 40 vol.%to 90 vol.% nore preferably 50 vol.%to 99
vol . % and nost preferably substantially all of the | ower oxide NO,,

speci es pr @é‘é?&’l“?’% the waste gas stream are oxidi zed to BRCEHEHWI¥r ogen
oxi des. [0013] The addition of sodiumchlorite to the scrubber liquor is
described in U S Patent Nunber 6,294,139. Typically, though, the reagent
that oxidizes the |ower nitrogen oxides to higher nitrogen oxides (e.g.,
NO to NO2 and/or N205) is actually chlorine dioxide, not sodiumchlorite.
Thus, sodiumchlorite is typically injeéted into the waste gas streamwi th
an aci dic conponent that is capable of disproportionating the sodiumions
and chl ori ne dioxide. WO 03/103809 PCT/ US03/ 14654 6 [0014] Chlorine

di oxide, after it disproportionates fromthe sodiumchlorite nolecule,

al so oxidiz X L.e Jl . | ' = erenti al
oxi dati on r@ét onﬁ@éhﬁggg&f@é’ ?ir%glfa%ta | édﬁ%fﬁ 6;1%&%8; ?/Elhht?lgﬁgﬁgvme‘?{sﬁ% sodi um
chlorite i ngplédite Wlsd 6xidises SO, epeviePtotdgh@aauliieoides. Thisaiops present in
the waste gas stream by a satisfactory amount. These hi gh | evel s _of sodium

chl orite haprefetcntishoridatiorbreaction mey deasitodnjgsting ralafivedy high levelppbcess unit
har dwar e, causi ng ,qraobl.e W th wast ewat er treat as well as .increasin
the otal  soarelomh e Wi S0 ar e N O il piredb L ca n
the instant {1 8818 Fas u?edﬁﬁtb?q satlbfabtob ' 8mbAst CTIERS hidh ReSk JF sedingi nt af ter

renoval of at |eas ractfon of the SOX species present in the waste gas
stream Thecklo¥te havesthe vadpsimpbaiefifactsof causinganorioaiont af prheespuaitent i nventi on
and may be any effective nethod. |n an enbodi rrent,ast“geeugsol)t(mrennv met hod

preferably PeGHEES qapsing preplems vithyyastewater freatment reasing the
total costs of reagents.

[0015]  However, chlorine dioxide, as used in the instant process, is mixed
with the waste gas stream at a point after removal of at least a fraction of the SO,
species present in the waste gas stream. The SO, removal employed is not
essential to the present invention and may be any effective method. In an
embodiment, the SO, removal method preferably reduces the levels of SOy
species 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
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. In
one embodiment, the SO, species are removed by a wet desulfurization method,

preferably by use of a wet gas scrubber.

[0016] By mixing the chlorine dioxide with the waste gas stream after the

removal of at least a fraction of the SO, species, chlorine dioxide can be used in



species in the waste gas streamto bel ow 100 ppm preferably bel ow 50 ppm
and nore preferably bel ow 10 ppm before the sodiumchlorite is mxed with
the waste gas stream It is nost preferred to renove substantially all of
the SO, QEUMBBY the waste gas stream before the sodi ERTUSIBHIHe i s
mxed with the waste gas stream Non-limting exanples of SOX renova
processes suitable for wuse herein include wet desul furization nmethods such
as wat er scrubbing, alkali scrubbing, magnesia scrubbing, and amoni um
scrubbing, as well as dry desulfurizatign nethods such as using manganese
oxi de or activated carbon. In one enbodiment, the SOX species are renoved
by a wet desul furization nethod, preferably by use of a wet gas scrubber.

0016] B I Xi hl i di i d ] .th f h
oot " gl SnS D Srttk e thirt s Madh bR G T BRAGRD, LS b
used in WO Qﬂcﬁﬁ%ﬁ%@h?%éﬁﬁﬁﬁé%@%uh AcoRiplitatedBciuse the Mdihodbyat er than

a stoichionetric afmount. In general, calculating the stoichionetric anmount
i s conpl i cawddcibeldarine didredereartvers bywentitrogercorides tochighenitegaooxides s | ower

ni trogen oxides to higher nitrogen oxjdes .is conplex. .However .l e not
wi shing to HeCOBRigy k)fp Tt ‘}Otd?’lsh’ﬂgé@ ,bei%pun Y BRY {hepEY of wiodel, e

oxidation re | I : L Qx| de i s : vy © resent ed
by the foll bﬁ%q’g‘&%ﬁ%%&ah%{ﬂ%‘f feal ‘%N"g %%“@@ﬁ%gﬁiﬁé‘g@??sﬁ?ﬁ@ + 3HCL.
[0017] In aBeQ?ﬁgﬁm tﬁermu@wmgnéqmﬁoﬁhl ori ne di oxi de used ranges from 3
to 8 noles of Cl102 to 5yrmles of NO or, in another enbodinent, 4 to 7 noles
of Cl02 to 5 noles of NO In yet another enbodinent, it is preferable to

g)s(gms): ie?hgl y greater thﬂ% 1or§tl:0iﬁ5]bq-n§(tlfdzc+ gﬁgén_gssﬁ(]o%grdéﬁa.chl orite,. for

[0017]  In an embodiment, the amount of chlorine dioxide used ranges from 3
to 8 moles of ClO; to 5 moles of NO or, in another embodiment, 4 to 7 moles of
Cl0O, to 5 moles of NO. In yet another embodiment, it is preferable to use |
slightly greater than stoichiometric amounts of sodium chlorite,. for example, 3

to 4 moles of ClO, to 5 moles of NO.

[0018] It should be noted that in some instances that the caustic contained in
the scrubber may neutralize a fraction of the HCI in Equation 1. In such
instances where the pH of the system is basic, again while not wishing to be
limited by theory, it is believed that the general oxidation reaction whereby
chlorine dioxide oxidizes lower nitrogen oxides to higher nitrogen oxides can be

represented by the following equation:
Equation 2: 4NO + 3CIO;" + 40H" — 5HNO; + 3HCI.

[0019]  Thus, in a basic environment, the amount of chlorine dioxide used
ranges from 3 to 8 moles of C10, to 4 moles of NO or, alternatively 4 to 7 moles

of ClO, to 4 moles of NO. In yet another embodiment, it is preferred to use a



to 4 noles of Cl102 to 5 noles of NON. [0018] It should be noted that in
sone instances that the caustic contained in the scrubber may neutralize a
fraction of the HO in Equation 1. In such instances where the pH of the
systemis DEQP¥1038ain while not wishing to be linited by CTASEY#6S4 ¢ s
bel i eved that the general oxidation reaction whereby chlorine dioxide
oxi di zes | ower nitrogen oxides to higher nitrogen oxides can be

represented by the follow ng equation: Equation 2: 4NO + 3Cl02 + 40H --+
5HNO3 + 3HC1. [0019] Thus, in a basic environnent, the anount of chlorine
di oxi de used ranges from3 to 8 noles of8-C102 to 4 noles of NO or
alternatively 4 to 7 noles of Cl02 to 4 noles of NO In yet another

enbodi ment, it ,li referred tqg.use a WO 03/1038Q9 8 PCT/US03/ 14654 slightly
SUghSly PR AR stoichi BmeicAmaws etowﬁ%mrqhi@?tef@; exFmpIH 8, 3 to

greater than

4 ol es of G WProfesbf®IE 3o Amdiey of Ni(P020] After oxidation of at |east a

fraction of the lower nitrogen oxides*o higher nitrogen oxides, at |east
a fraction of the higher nitrogen oxides is renoved fromthe waste gas

stream 1In o&mrrbo ibrent, 20 vagl . %to 100 vol.% of the higher nitrogen
oxi des are r ed L pxidafion of atleagtadragtion|of tholowsr njtregen ®ddesdo. % and

nore prefer %: | t higher nitrogen, oxides of the
NO, speci esqg eerﬁ‘gﬁégéendoéalpgsérgp%eé% aﬁ{%‘%;ﬂn %B% E%%?EE&O&?B$§F“3FS at least a
fraction of remevod foe thei wishegas fweatte Sin dhe AUBMER:, DY VAN, & IRFHOIG
met hod, except sodiumchlorite absorption. Effective- processes Include,
but are not dfithe higher nitrogen egides ard teataved afiet axidatiors préfeeabld0 vol.% to

80 vol.%, and more preferably 60 vol.% to 90 vol.% of the higher nitrogen

oxides of the NOy species are removed after oxidation.

[0021]  The removal of at least a fraction of the higher nitrogen oxides is
achieved by any effective method, except sodium chlorite absorption. Effective:
processes include, but are not limited to, using an alkaline solution such as an
aqueous caustic soda solution or a reducing solution such as an aqueous sodium
thiosulfate solution, catalytic conversion, and ammonia and hydrogen injection,
as described in United States Patent Number 3,900,554,

[0022]  In another embodiment, the oxidized NO, species are removed with
water. The solubility of higher oxides (such as SO, and N,Os) 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. The most preferred
embodiment of the instant process involves absorption of the oxidized NO,

compounds with water.

[0023]  As discussed, it is preferred that at least a fraction of the SO, species
of the waste gas stream be removed, preferably by wet gas scrubbing. Wet gas

scrubbing removes, among other things, attrited catalyst fines and SOy species.



aqueous caustic soda solution or a reducing solution such as an aqueous
sodium thiosulfate solution, catalytic conversion, and ammonia and
hydrogen injection, as described in United States Patent Number 3,900, 554.
[0022] I n X¥APHWB8Bhodi ment, the oxidi zed NOX speci es ar ECRASEME4 t h
water. The solubility of higher oxides (such as SOX and N205) in water is
descri bed by J.B. Joshi, V.V. Mhajani, and V. A Juvekar in "lnvited

Revi ew. Absorption of NOx Gases," Chem cal Engi neering Comuni cation, Vol.
33 pp 1-92, which is incorporated herein by reference. The nost preferred
embodi ment of the instant process involv®s absorption of the oxidized NOX
conpounds with water. [0023] As discussed, it is preferred that at |east a

by vt °§a2f$ia|$§s§8§s?e g eyt B ety DR GV b hog, o
' . ' : | / ing 654
Thus, in onelolBbAiGRTE Y poi Hapaaiie apktd et g et DY ogmEEAE o

chlorine di g wWast@gadstiainddosrasmsint ofwef gasncrubbing, dlzecldorine dmmxideRian

contacting the waste gas stream downstream of wet gas scrubbing, the
chl or i ne. di oxidie apmioTeORedRBEUBDL the PEiZaB NG RRECiRS qqauwgawezaim e NOX

speci es because t here e J ' )1 amto
compet o i IPJetsH B6805 pesddEin hf ¥iedn X potbbote RARCUBTX il Selio R0 T P,
rates of chpgrhse il R RACAIMitien ftesbizdhlorirteadibridemeedédin dxMizespeci es
to higher nitrogén oxides is beneficial in overconing at |least sonme of the

previ ousl y therdbwenexride™NB} spesiesda diighes pitragsn ozidesis benaficialinr e and

wast ewat er treatment probl ens. . .
overcog?ng at least some of the previously mentioned problems, such as,

corrosion of hardware and wastewater treatment problems.

[0024] In another embodimenf, the chlorine dioxide is mixed with the waste
gas'in the separator drum associated with a wet gas scrubber. A separator drum
typically contains hardware such as spray nozzles. In this embodiment, the

. chlorine dioxide is sprayed through the spray nozzles such that when the
contaminated waste gas stream is fed into the separator drum, it contacts the
chlorine dioxide. The chlorine dioxide can first be mixed with water, preferably
deionized water, which acts as a carrier fluid to better disperse the chlorine
dioxide. Also, in such an embodiment, additional amounts of deionized water
can be sprayed through the spray nozzles. By additional amounts of deionized
water, it is meant amounts of deionized water sufficient to absorb at leasta

fraction of the higher nitrogen oxides.

[0025]  In another embodiment, a greater amount of chlorine dioxide
necessary to oxidize a given fraction of the NOy species present in the waste gas
stream is mixed with the waste gas stream after the SO, femoval step. This
additional amount of chlorine dioxide allows the refiner the ability to oxidize

SO, species remaining in the waste gas stream to higher oxides after the SO,



[0024] In another enbodi nent, the chlorine dioxide is mxed with the waste
gas in the separator drum associated with a wet gas scrubber. A separator
drum typically contains hardware such as spray nozzles. In this

embodi ment ,W‘?Piéw:"@ﬁl orine dioxide is sprayed through the EHFAFIHYIA es such
that when the contam nated waste gas streamis fed into the separator
drum it contacts the chlorine dioxide. The chlorine dioxide can first be
m xed with water, preferably deionized water, which acts as a carrier
fluid to better disperse the chlorine djoxide. Also, in such an

enbodi nent, additional anounts of deiont¥&d water can be sprayed t hrough
the spray nozzles. By additional anmounts of deionized water, it is neant

anmount s of dei oni zed er .sufficient absorb at,least a i.on of the

hi gher ni tré@’é‘ﬁv%ﬁt%ﬁhi@d}égﬁﬂlq’f“g&ﬁ&fﬁ SRAIGRSATLED ggr'apgg{c{e%?é{hgunt of

chl orine di %Efegﬁve GegEary to oxidize a given fraction of the NOX species
t

present in € waste gas streamis mixed with the waste gas stream after
the SO, renoval step. This additional anount of chlorine dioxide allows

the refiner the ability to oxidjze O, , species remaini in the waste gas
stream to hil80si oxmﬂﬁte@?%qdlﬁ@e@die ‘V@tgé‘?sﬁf@éﬁb‘s %5?/“55%4 -10
renoval step,

. i . _ . 9 b
any effect i%lnm#ﬂ)[gg{ﬁgﬁqd%%%t%wgﬁbo Illﬁgnot\;‘%}? ie@?vi}l/a@?gf Soggvgt reZlm

i s passed thp@u@htheamouht bf ehlofiled dioxRiemeetedtoepxidize remminingotidimmbleon of t he
NO , present in order to reduce the amount of chlorine dioxide needed to
oxi di ze r ena¥@j presentiivitheipiaste gapstroam.c brihis initial NOywresmaevad stepsatleashlO| n t hi s

it ol NOK eppvale shoPnl 1hSBk. g eroRd bR trdh 90 AR - % 0

30 vol . %
60 vol.%, and most preferably 30 vol.% to 90 vol.%, of the NO species initially

present in the waste gas stream are removed before the waste gas stream is
mixed with the chlorine dioxide. The manner in which the NOy’s are removed
before the waste gas stream is mixed with chlorine dioxide is not critical to the

present invention and may be any effective method.

[0027]  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.

[0028]  The following example will illustrate the effectiveness of the present

process, but is not meant to limit the present invention.



60 vol .% and nost preferably 30 vol.%to 90 vol.% of the NO, species
initially present in the waste gas stream are renoved before the waste gas
streamis mxed with the chlorine dioxide. The manner in which the NO ,'
are renovedVOBEIBN t he waste gas streamis mxed wth chP&T{USE/H¥xi de |s
not critical to the present invention and may be any effective nethod.

[ 0027] The above description is directed to one preferred neans for
carrying out the present invention. Those skilled in the art wl|
recogni ze that other nmneans that are equally effective could be devised for
carrying out the spirit of this i nvent t bh: [0028] The foll ow ng exanpl e

Wil illustrate the effectiveness of the present process, but is not neant
tolimt the grszfgé i nvention. WO 03/103809 PCT/ US03/ 14654 -11 EXAMPLE
[ 00291 The chl orine dioxide on the oxidation of |ower oxide NOX

speci es to higher oxide NO/, species was tested in a bubble col um.

Chlorine dioxide was m xed with a sinulated scrubber |iquor that contained
1002 ppm NQGooi9) t hiThe eRbeydfiohidrinet diexide onlthé exidationbblowdriogiderNGas al | owed
to flowat a rate of 21lmin_into the bubble colu where it s, mxed with
1.5 dnB of <specigs & highroexide NfPosneaies ¥ destedia %@%? EAIUEIn rlﬁa 107 ppm

Cl®2. The t rat |

noni t or ed usqeh%% #Hﬁ?‘%ﬂ‘%lg'b?elmeéﬁggghﬂgglw&?%&tﬁgrﬁawd 0 served to
be 18C. 1003QD, AId\Bis &ddetiifcht)®s sipilhrRdveshbber iieorbvdsdlbwad torflovoyt a
nmeasuring the “concentration of nitrogen oxides in the sinmula ed scr ubber

| i quor bef orretecof® Wi interithe biapblé colummevhete di waswpixasl withded dmheffesul ts of

this bal ANCSyaterichlorine dioxide oxidizing solution containing 107 ppm ClO,. The

temperature of the bubble column during the experiment was monitored using a

thermocouple device, and the temperature was observed to be 18°C.

[0030] A NOy balance was performed on the bubble column by measuring the
concentration of nitrogen oxides in the simulated scrubber liquor before and
after mixing with the oxidizing solution. The results of this balance are

contained in Table 1 below.

Table 1
Source | Compound Initial Final Percentage of Total
Concentration | Concentration | Final Concentration
(Moles) (Moles) in Total Initial
Concentration (%)
Gas NO 0.0017 -
Gas NO; 0.0004 0.0002

Agqueous NO,- - -
Aqueous NO;- - 0.0019
TOTAL 0.0021 0.0021 100%




contained in Table 1 below Table 1 Initial Final Percentage of Total
Sour ceConpoundConcentrati on Concentrati on Final Concentration
(Mol es) (Moles)in Total Initial Concentration GasNOD. 0017-
GasNC20. 000%® 0H89 AqueousNO2- - - AqueousNOB- - 0. 0019 TOTALECHEP4M46%21100%
WO 03/ 103809 PCT/ US03/ 14654 -12 CLAIMS: 1. A process for reduci ng NOX
concentrations in waste gas streans, which streans contain both NOX and
SOX species, conprising: 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-¥ste gas streamwi th an effective
?m)unt of ?hl orine dioxide at conditions that will oxidize at |east a

raction of oxidizable NO [ [ [ [ ;

AN LY ., species to higher nitrogen oxides; and

1. A proceSs for reducing NO, concentrations in waste gas streams, which

streams contain both NO, and SO species, comprising:

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

stream thereby producing a SO depleted waste gas stream,;

b) contacting said SO, depleted waste gas stream with an effective
amount of chlorine dioxide at 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 oxides by a means
selected from the group consisting of alkaline solution absorption,
reducing solution absorption, scrubbing with water, ammonia

injection, and catalytic conversion.

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.



c) renoving at least a fraction of said higher oxides by a neans selected
fromthe group consisting of alkaline solution absorption, reducing

sol ution absorption, scrubbing with water, amonia injection, and

catal ytic dYM0¥EN308n. 2. The process according to clai m 1PGREBEYHYai d
waste gas streamis froma fluidized catalytic cracking process unit. 3.
The process according to claim2 wherein step a) above is carried out by a
wet desul furization processes such as water scrubbing, alkali scrubbing,
magnesi a scrubbi ng, ammoni um scrubbing. 4. The process according to claim 2
wherein step a) above is carried out by-1%-dry desul furization process
usi ng an agent selected from manganese oxide and activated carbon. WO
03/103809 PCI/USQ3/14654 -13 5, . The ogess ac, ing to claim3. wherein
said SO, spedies HICDIOEFHHASEOTANS Wé{falggi F%Bﬁ’i“ag& P%qiﬁé apf smayed

according to clai y\%ﬁr I jd chlorine dioxide i s- contacted with said
wast e gas streambg)tég oisﬁh{t(@%istreamfromthe wet gas scrubber of a
conmbustion unit. 7. The process according to claim5 wherein said chlorine
dioxide is contacted with said waste gas stream.in a_segar,at ion drum

associ ated V.t h Eheprocessaceendingiorndaiond whegein 5id cp joxideds di ng to
claim5 wherein sai h] orjne. .dioxide is__cqntagle i } gas
streamin a separcgpfa(?f?dd?’&h]s@fi Vi@ gasgsgseamsag ‘?h@%ﬁ%@‘&gﬁég{éﬁ east

one spray nozzl e.gas scrubber of a combustion unit.

7. The process according to claim 5 wherein said chlorine dioxide is
contacted with said waste gas stream in a separation drum associated with

a wet gas scrubbing unit.

8. The process according to claim 5 wherein said chlorine dioxide 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 chlorine dioxide 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 are 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.



9. The process according to claim1 wherein said chlorine dioxide is m xed
wth water before contacting said waste gas stream 10. The process
according to claim1 wherein at |least a fraction of said higher .njitrogen
oxi des ar e WP by a met hod sel ected from al kal i ne solﬁpg@ﬁmy%ﬁgorption
reduci ng sol ution absorption, scrubbing, anmonia 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 renoved by
anmoni a injection wherein the ammonia is, injected in adm xture with

hydr ogen. WD 03/103809 PCT/ US03/ 14654 112, The process of claim?9
wherein an anmount of deionized water sufficient to absorb at |east a

e S e b B 2
species initiall X%Bgﬁygggi Ieabt SRAA NPT $BiPIRFhE! SR i TnjEERA Vith Kid or e sai d

step a) of claim
chlorine dioxide.

13.  The process according to claim 3 wherein at least a fraction of NO,
species initially present in said waste gas stream is removed before said

step a) of claim 1 above.



