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WD 2005/ 014134 PCT/ US2003/ 031101 1 5 WET SCRUBBI NG

APPARATUS AND METHOD FOR CONTROLLI NG NOx EM SSI ONS
w(deabnigaal Field The present invention rel at esp¢DUS2003/031101

nmet hod and apparatus 10 for controlling em ssions of

NOx in the flue gas from systtens such as conbustion

and fluid catalytic cracking unit (FCCU) operations.

More parti cup@f | yoroBB 1N albbARKRYS AN tMEBEsBIbDI Ng
met hod and appaal bRkl hess sirseiatisve! ¥
Tegﬁﬁiégieﬁigggmater- ropl et free ozone injection and
zone. Background Art The Cl ean Air Act
Arenteeptsserte ievacttddn nrel3B® < oco regmeahedarchd apparatus
reduce the, anount of harnf ul goLlu%gnt rel eased

. | t
£OF HEORE RO HHEP eCTTRBLENBaRTANPRACE (FEcdd Ut oy g Systems

sudhl del ingsH it tdhe appurt 9f RAldtats Pr&sRhgi linit (FCCU)
di scharged flue gases from conbusti on sources™ and

opehebicas . pl anMereAspartieslbtlyi nddst riles s@ek improved wet

i nmpl enent_efficient, but cost- effecti :
schERROUE ST RAsh PO | PP RECIS) e oP tIATYRRG E H¥lacively
mipetEpéanss. wabeN-tirogentoxirdes o) iariedcsuldnuramekiresention

(SOx) are primary combustion pollutants targeted for
ZzOReduction by the Cean Air Act. Various treatnent

Bagé;fggﬁgsﬁﬁgd met hods have been devel oped to reduce
e gas. NOx reduction technol ogies
enployed lfeam r2ducifug: t Aeehdkenbacerneat epackadl30oin hé990 to
flue gas were typically either | ective catalyti.c
regeliEk?i ORA( SCRYCEr Chon AESHAYy Bife FedUath &b (aNagte Feleased
inH§i Nhe AMYBROSpRErH! €3 tthEonyrsdn t i NOQG® edleimdd alstrict

nitrogen. In the SNCR process, ammoni a reduces NOX .
gupdebbnesi ant lfde fampunasof oPai ivbgehs WreRsOL time discharged

SRR FheR BORELALLS, S5 SUAS! atbe R AR 2o
reb816) gnirfdusanties | ismiekedio haweplemmerly etflié cfigott,t hant cost-
ef%éc%fgglgggtgmgeg%dﬂﬁgkﬁgggE?égnggntrolling the release of
harmful pollutants.

Nitrogen oxides (NOx) and sulfur oxides (SOx) are
primary combustion pollutants targeted for reduction by the
Clean Air Act. Various treatment processes and methods have
been developed to reduce NOx in a flue gas. NOx reduction
technologies employed for reducing the NOx concentration in
the flue gas were typically either selective catalytic
reduction (SCR) or non-catalytic reduction (SNCR) wusing
ammonia or urea to convert the NOx to elemental nitrogen.

In the SNCR process, ammonia reduces NOx present in the
flue gas to nitrogen, without the presence of a catalytic
substance. The ammonia is then oxidized to nitrogen and
water. The SNCR process is significantly limited, however, by

the fact that it requires a very high operational

temperature, ranging from 800°-1200° C. Even at these high
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tenperature, ranging from 800-1200 C. Even at these
hi gh WD 2005/ 014134 PCT/ US2003/ 031101 2 5 operationa

WO eowpeIasur es, the percentage of NOx reducti onP@€BHUS2003/031101
limted to about 60% and | ower in nost cases. The SCR
process requires the presencg of a catalytic

opEPIVESA LT dEhbBPatiBesONkACt Rl dhef | NexJded@REion is
anmoni a or ammoni a precursor. The process can be

lirchred eto caowlt QR tampeteier ek SRQF fea@¥l y | oner

th th NCR pr.ocess UG a 5Q- Ver, .
t hzﬂée(:l:e%rgjlr§ oc%ggcgfso %eé]é“l l%sm' ?gtg i g)rée.ogelrﬁéee g%\lge p?occeastsalytlc
conveMEE €@sihy thancbheaSNCRetpeoneshe &3 ukheasataldystmmonia

deteriqgrates with age and requires replacenent every
or 32GNPBAs . PAYAFEFORal | yTREhPRA Y sPABanPe5 6 out at
te é@%{ﬁré§655§3i558§ﬁ95 | A okRe fdHie gase t SNER3L MR, such
y cause addrtional poflution concerns. Lastly, in
as ceRbarn60appl iCcat i onBovheerat atpst SR mayroeaps also has

. particul ate tte causi ng bl.i nding of the catalys
LA GrORE bui 1P 6R PROSegas brieot §odtap, Al the SNCR
pré&€sSysl, a8 RAd i Eat Al ¢s¥ eABYalidevtee wAQISUSde agndn requires
el ectrostatic precipitator often precedes SCR Sunmary

reg}aq@renivernervn 3The Yoeesent AddEht PRl Y ovibes CatRdt/st can
bj appa t i .
coff ik BeRcaLiso el bhert RO IR, wnich

mappesaseonsdiAdcoand mgily unian am@s et sterebbgry in certain
assenblies and fluid cagal tic cracgina syst ens
e he&r

i
APREECH kiR ittt FREPYESentST Pt | o Sirelate matter
calfdi £ b@iﬁdcjﬁ?a@fe ofe acht 8y 58 MM /@My abui ndvapyolg flue-
percentages. I'n accordance wth one aspect of the ,
ga$ nvedssene dhebPe i 85 anrappatat 8s PRSTLicoRELS |HempWNak device
m Ssi ons_conpri sing. 0.c hayi
ol LA SHEAMEL AN S o L FOATRES: N0 00 Bevellos scr.
sufrhaey 9o Eixé tIfweneidhue gas to enter and exit said

rnterror of said chanber; a gas quenching zone ,in

whi Bt PReSeRFpeREELF &0 PEABIGES éaweﬁe%%}d@?’édtg gpparatus
thQZone ipjjection andJetent i pRoFORG I NESAl dygharheiiced from

and a liquid spray zone 35 including at |eaSt one

comslprslyi ooz z FECUoraspr aphag ddrpfiidng.ondederdhagnsl | various

wegugggggber assemblies and fluid catalytic cracking systems

in accordance with the present invention are disclosed which
are capable of achieving NOx removal in varying percentages.

In accordance with one aspect of the invention, there is
an apparatus for controlling NOx emissions comprising a
chamber having a wall surface and an interior; a flue gas
entrance and a flue gas exit for a flue gas to enter and exit
said interior of said chamber; a gas gquenching zone in which
the temperature of the gas can be lowered; an ozone injection
and retention zone in said chamber; and a liquid spray zone
including at 1least one spray nozzle for spraying a liquid
towards the wall surface.

Preferably, the apparatus includes an ozone supply; an

ozone injection nozzle to inject a predetermined amount of
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Preferably, the apparatus includes an ozone supply; an
ozone injection nozzle to inject a predeterm ned

waemsini416f WO 2005/ 014134 PCT/ US2003/ 031101  3rGI/08mH0#031101
into said ozone injection and retention zone; a liquid
supply in the liquid spray zsne; a gas quenching

ozdhdUi Bt o SHRRKY oz3n@ alnjleAsioronthdase trenCth ngonezzke.1iquid
Preferably, in this aspect of the invention, the . L

suppljii dn sphay xbeBifds R edOMSGvedt hgadzofeenching  liquid

i j.ectio Nt | 0} : | ue gas
su%?]ﬂtf’anécne&]iagp:jloéc%pgdﬁw[})%[%a\l/vslt%e : i qlur?%%és%%aéy zone.

Al teraed talel vy, i hethiiquiatpsortayo 7 ontee ofintveet appar ahegs liquid
is |ocated bel ow the ozong i njection _and,retentipon .
SPLBheZORRdL § heOCRFGE §28VEn Pﬁn@éoﬁﬁdlpﬁgcﬁégnqﬁgﬁgﬁ%%fntlon
zofON€aAKE theCat Bk J&sabA¥8ahBE lilsquidhbHURYLEDHR. thee 1iquid

I'i'quid preferably Conprises a cal cium magnesium or
spsoyli a0me eagent . The apparatus may have a hei ght

j f - ' ' .
2ngL 00 L1 o 0y 120,105k o8008, VLS Canghos 1

1t may i I nore s

lodWEdd asc Depetliengzupenihhecsize ahdt heteappanatzose, Ted the
ozone to NOx ratio may range fromO0.5-3.5. The ozon
Flyej @G oANBRANFEL eitd off NPond2 ey IURLRR 1Y eAGPR thEE i'Poated

abé%gfﬁﬁégf%%ﬁﬂdpggpg§ fofdue gas traveling through the

ozone jection and retention zone a residence tine
r angjiegl fqone Pré&féPabiyondspribeer pacaleliym, t magnesium, or

| ength of the ozone injection and retention zone nmay
SO@%P@U???%?%Et to permit the flue gas to have a

respilengspdi-seuof mahobve- 4 necgRds rafgling fozened0-120 feet
injection and retention zone. 30 The apparatus has a,
tallquandt 8 gdemedisiro nemegingg 4% 5580t gaFt ond tpdey include
1000 feet3 as T PER t el g4
s PO naBkplirabh oty TIRMARAL BN (8L asge of cne
appeeitsecond. Preferably, the flue gas exit has NOx

em ssions |l ess 35 than or
The ozone to NOx ratioe %%L &%n%% pppg¥' 0.5-3.5.

The
ozone injection and retention zone may have a length that is
sufficient to permit a flue gas traveling through the ozone
injection and retention zone a residence time ranging £from
0.5-10 seconds. Alternatively, the 1length of the ozone
injection and retention zone may be sufficient to permit the
flue gas to have a residence time of about 3-7 seconds in the
ozone injection and retention zone.

The apparatus has a liquid to gas ratio ranging from 5-
80 gallons per 1000 feet® of gas flow.

The flue gas may travel through the apparatus at a rate
ranging from 3-26 feet/second.

Preferably, the flue gas exit has NOx emissions less
than or equal to 50 ppmdv.

The apparatus may exhibit percentage of a NOx removal

that is greater than about 30%, or alternatively, greater
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The apparatus may exhi bit percentage of a NOx renoval

that is greater than about 30% or alternatively,
w@e@aneri3dNO 2005/ 014134 PCT/ US2003/ 031101 4 5p¢tras2003/031101

about 50% It nmay al so have a rate of about 90% or

greater. It may also be in the 70%- 80%range. The

thalﬂ qdbdusuprdy. mayrd nehyde1gd ks eonpiisi B about 90% or
chem cal and water solution, and the liquid has a pH

gr@?if@lr ng It rmeay BT 5 pH Gl THS® ap@fatiAngRy quench
t
bele%l\l/\(/é 2 Q%Si ts%giﬁggerg%%nc%cl%é’ve%n %ﬁuldlsé)orh: prP&ing a

Ing zone. ternatively,
chérii €&oul nbewguenchedutdohel and28hd . 1iquatcoagdance®d ranging
with another aspect of the invention, a nethod
frednprises ﬁ@?nlttlng flue gas to enter the interior of

15'?h§h§EE§Eat9§e 'ﬁhéﬂ&@ ORE FQukOWRSs the a temperature

t enper at ue gas; injecting ozone into the
betiwean i b20df -t B8OChdhber, bedmy spP@§i ng an| thgi gas quenChlng

t th [ f.th
B e L

t hi sn agpest-dahckhesitveahbonert hespatx | bnjUItdlemaynventlon, a
i nclude a sodium calcium or magnesi um reagent.
meteedr SRR EL 58 ¢ hPeRPst hspect Lbe gﬁé FRvERLESN, hlehénterlor of

a éﬂ%ﬁgéfonqgé ?ﬁ?ﬂ f@ﬁ@ gQQ tBtQBW%E letQ%Hﬁg%@Q%&e of the

occur he spraying of a liquid, and
flmmtgaecelmbemﬂﬂmgao;pmenaytbetbelmmﬁdn&@mr@§|ﬁ@eomhamberr

he liquid. 25_ILn a dan h th| ct,.of
ang L SeLe &Hgt?mll§89§y (ﬁ%m%haw%f B%dﬁ? Eﬁgmber to
caéfﬁﬁ@tféﬁbﬁhéhqyt@dﬁ$%§uﬂ@ tH@W&ki&&&héhS@f@de@QZZ|eS

I n accordance wth this aspect of the invention,

ozom eEaOdangs ovkhl) Bélifai ABRPAED ¢H gmeanzg%‘f?%h?nr the
llgpld Té%f§9%i@déh§ %&ﬁﬂgﬁr céfﬁf&goggQQﬁa.M% Puﬁhféagent

e invention
t 0 Mmi Ricidrdamrcet enltbn dhine napgichg of r GimeD. Smr_entlon, the
seconds after the, step _of injecting

t
injeeet?robf OEARE chRRBeF 350 ﬁréEEoPgaﬁgg &ﬁ?ﬁ&% |§ay occur
pe BSPEEheOfsd NG didlyedti @n.1itf8d, and the entrance of a flue

gas may be below the spraying of the liquid.

In accordance with this aspect of the invention, the
spraying of a liquid may include injecting a liquid through
more than 3 spray nozzles.

In accordance with this aspect of the invention, an
ozone to NOx ratio may be maintained in a range from 0.5-3.35
in the chamber.

In accordance with this aspect of the invention, the
flue gas may be allowed to maintain a retention time ranging
from 0.5-10 seconds after the step of injecting ozone into
the interior of the chamber.

In accordance with this aspect of the invention, the
flue gas may be permitted to have a residence time of at
least 3seconds after injecting ozone into the interior of the

chamber.
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flue gas may be permtted to have a residence tine of
at | east 3seconds after injecting ozone into the

w0 ndosniqas4 of the chanber. WO 2005/ 014134 PCT/US2003/031101
PCT/ US2003/ 031101 5 5 In accordance with this aspect
of the invention, a liquid §0 gas ratio may be

mai Y ai;ked rqantke sysh erprikat akpechetyeenhz 8dngahtoss, a
per 1000 fee t3 of gas flow. In accordance with this )
liqsipbctootashaativemawnbe t haintpieegad P heSusteheghat 1s

to travel,thr h,t Qﬁgf saf sa..10 e of 3-26
be?%%?n Sée/fé% %;ﬂdﬁ.gnﬁ r%beg%glor aﬁ'%:etegtvw %E ?ﬁ%sfjég&ééct of the
i nvent imerordhe cNOwiem $$hiensaspgcbe dfesshehamvié@ntion, the

ppndv. The apparatus may achi eve er cent.age_of
flyendval MayhRe iPdlgHest & t%veébo@%lp%*tﬁ% bhe apparatus at a
ratﬂét@f nal) yetyotr PLAILI- kP, than about 50% It may al so

ave a rate of about 90%or greater. It nmay al so be

i N Thead@8sdaB0d wityethln aspectanfetiiet ANVRNS lggpedhe NOx

of the inventi t fl as.my be quenched to a
em]t%?ﬁp%l?%trﬂﬁ%%ef O:géeﬁ/\g%harlzégff%ﬂ“d‘f; ., or bel ow 200 F.

Al t ermat bygh¥atis MRy beciguenshed peace@ abel anf 280xF.removal

“I'n accordance with this aspect of the jnvention,_t

he
thajuedechi ageater heErueagast nedPoccr Altderdntyahte dreater

tnd Dt Qpbiie éd‘%‘..e”"fth%a%h%l“s%a%e and-J4@y bRcldidtir 90% or
spraying litquid through the gas as it enters the

greqagber . IRMmdy acoorianoe Wha b7 @hot HEGS aspegs - of the

present invention,, hod of coptrolli NOX :
enﬂ@éi5ﬁ§qrﬁépﬁﬁ%sz€%?§%Hﬁ%iﬁﬁpgcgld%éggggin%%v%ntlon’ the
£16dag08 a fusachhagchbyetgas; tenpeeatung OZOBR thidledr @R0-180°
ozone injection and retention zone in_the interior of
F. t herchradser ; 26QF afi ng ALY ERA Yoty t hE 3@ YcrGrpgpenched to
d §§6nt9ining a substantially droplet-free chanber
erfor ih the vicinity of the ozone injection and
r et Bt ia@kordemee |widkcatdancespeth tdf sthspethveftide, the

be %

i nvention, the st f in in [ ,
qu?@ﬁ%§m%roéftPﬁeféﬁgﬁﬁgﬁ ﬁﬁb?9§éc oggnghénggtgg%ce into the

interior of the chamber, and may include spraying liquid
through the gas as it enters the chamber.

In accordance with another aspect of the present
invention, a method of controlling NOx emissions includes
introducing a flue gas into a chamber; quenching flue gas;
injecting ozone into an ozone injection and retention zone in
the interior of the chamber; spraying a liquid into the
chamber; and maintaining a substantially droplet-free chamber
interior in the vicinity of the ozone injection and retention
zone.

In accordance with this aspect of the invention, the
step of injecting ozone into the interior of the chamber may
occur prior to spraying a liquid.

In accordance with this aspect of the invention, liquid

may be sprayed through 3 or more spray nozzles.
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35 occur prior to spraying a liquid. In accordance

wWth this aspect of the invention, liquid may be
wa@pooagpedss hrough 3 or nore spray nozzles. WD PCT/US2003/031101

2005/ 014134 PCT/ US2003/031101 6 5 In accordance with

this aspect of the inventiong the ozone to NOx ratio

rang] ngcbEpeAnfce- 3y Priaynhie nBépéat ned i Bhet hihvention, the
chanber. I n accordance with this aspect of the

ozdmwele i Bhx Fhtdo gasging Haom |bvied +o TaY nPai Reantained in
retention time ranging from 10 0.5-10 seconds after

th%lﬁ?%ﬁgﬁf”of injecting ozone into the interior of the
chambesccbpdancer darte vhib thipecaspeft tofe tievention, flue

i nvention, _fl b itted h .
gat W HicRE oALERHSB! Lt TPRANE 18] % eRONRIst 517 o 1iR, SeReAgY Trom

0.®RzaNeskpbagkhe vl erige Oétéﬁ‘?oflir?j@i"m{g bRone into the

~accordance with this aspect of the invention, a
inlemind 4o tges agremileemmy be maintained in the system

between 5-80 gall ans per.1000 fee t3:-o0f . gas. .

ac d3888raﬁP etﬁF§: sgé%? 5%*%%%2i%%eﬁ%%bn?ﬁ%?%%l$gb tlue
ga@@ﬁaﬁHMeb?e&hﬁ@WédtﬂbtM£W€|athé@&@bnbbeﬁﬂm&naﬂustaﬂeast 5

arate of from3-26 feet/second. In accordance wth
seqqnids aspd@r of i NIREHIMEntaZane NORtentd§i ondtgtdor of the
Chéﬁggﬁqably | ess than 50 ppndv. In accordance with this

aspect of the invention, the 25 percentage of NOx

r ermyvaladmrdeenagr eatieh t hhnsorasgeat tef 506 |invention, a

. accordance with this asgect of . the i,nventi.on, h%
e 8%? em between

liquidh BasIRdy e iqudithedSt BeAFarhE ar'lt - vieen

5-dft QlBbndp30 100 RCkhange gwist F1amat her aspect  of
the invention, a conbustion systemconprises a ,
boi Irer acanrdppacatiissif ofhigomskadt ngt NGhSeniB¥pBRsOn, flue

521 ieY | B¢ SATPRAD gg e anca i Pl ERa T Reul o Tt
of affdmie3-gas fteeteeromhd exit said interior of said

In accordance with this aspect of the invention, NOx
emissions are preferably less than 50 ppmdv.

In accordance with this aspect of the invention, the
percentage of NOx removal may be greater than or equal to
50%.

In accordance with this aspect of the invention, the
flue gas may be quenched to a temperature of between 140-160°
F.

In accordance with another aspect of the invention, a
combustion system comprises a Dboiler; an apparatus for
controlling NOx emissions comprising a chamber having a wall
surface and an interior; a flue gas entrance and a flue gas
exit for a flue gas to enter and exit said interior of said
chamber; a gas quenching zone in which the temperature of the
gas can be lowered; an ozone injection and retention zone in
said chamber; and a liquid spray zone including at least one

spray nozzle for spraying a liquid towards the wall surface.
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35 chanber; a gas quenching zone in which the
tenperature of the gas can be | owered; an ozone
WO pgosoi416h and retention zone in said chanberpPCEDS2083/031101
liquid spray zone including at | east one spray nozzle
for spraying a liquid towards the wall surface. WO
20054 OAd34 PCTE RS2 QY A3EURL irchudef ahaldxond heupply; an
appar at us includes an ozone supply; an _ozone
ozong ednij6AtAGRZIOZD & nfectind Ssitedat HRdRSE AHGRT 8pount of
0nGFONERL B! Rrihe, oaone; L ALECILONART JSLOALION Z0RE; & liquid
?qu|8 suppl y in sai quid spray zone; a gas
sugpenchinngshiquild qsibplkpragndzate | east gere gasnching liquid
quenchi ng nozzle. 10 Preferably, in thiszﬁspect of the

SupRENt3Hh, 2% L3 F Uit 43 AP SUHE Iy P tOtat ed above

t hep pz@ne b1y ecth 0Rnaad s shRlentdonezonenvandibhe fthee liquid
gas entrance may be |ocated below the liquid spray .
spraye.zollet emaat | vel ylocadieed | giayespthy zopenef impection and

t 15 be .l ted b LOj i
<o ZBRP 81 Ucrl TBYGOLECEIAE D RVANS SRATCHL) o | cacen

beD&® EHhE NI @reond ocated above the |iquid spray
zone. The l[iquid preferably conprises a calciunh
maghes Tt brel¥odi A ebb@md SBrYeffespI 9t HE apparatus

mafﬁ??f%éggtgaybgﬂ%% g el néafﬁ%@@tiéﬁnhnéoré%%nEﬁ%h zone,

Ilaneter ranging from1-50 feet, an ozone
and njtéet | bhuandaset entrenceormndathag g8$ eqgielrahiang | gone are
sufficient t ermt,a flue gas traveling through the
Lo o ak?%Y%cﬁ?%n{Ja%%l$e?%ﬁ¥ g{ﬁor}eo‘ne a resi dencegti me
rangh 091 {00 26-0r6rdP1 §eeongdsi sapdadcancinmg spigesium, or
nozzl es dispersed in the liquid spray zone. The
sodlgpyt heafenthe ozone and retenti on zone may be

sufficren p ' e S hav [ g f
i et S STt PEY RRatat b iR e tsna Pk an Rg e Trom
50+E2@nféon zabe, 30dThmebzoneahgiNgx frati d—9dy femige an ozone

IntoRpIPRIngIe  EREAPEAPTand R e RerA | of Aeohve Fat  is

suPFL & RO Ngof 1 9-a 1£PufHgadnd AR 1BRRAT 8hUSugBY the ozone
have a liquid to gas ratio

injection and retention zone a residence time ranging from

0.5-10 seconds, and 3 or more spray nozzles dispersed in the

liguild spray zone.

The length of the ozone and retention =zone may be
sufficient to permit the flue gas to have a residence time of
about 3-7 seconds in the ozone injection and retention zone.

The ozone to NOx ratio may range from 0.5-3.5.

The liquid supply may include a liquid comprising a
chemical and water solution, may have a pH ranging from 5.5-
7.5 pH, and the apparatus may have a 1liquid to gas ratio
ranging from 5-80 gallons per 1000 feet® of gas flow.

The flue gas may travel through the apparatus at a rate
ranging from 3-26 feet/second, the flue gas exit has NOx

emissions less than or equal to 50 ppmdv, and the apparatus

may have a percentage of NOx removal of 30% or higher.
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rangi ng from5-80 gallons per 1000 fee t3 of gas flow
35 The flue gas may travel through the apparatus at a
WO a108/014180gi ng from 3-26 feet/second, the fl uePgErESEN3/031101
has NOx em ssions |ess than or equal to 50 ppndv, and
the apparatus nay have a pegcentage of NOx renoval of
30%y  higheha sV 20054:0419d 34+ BCH USROS H314D1be8oh 200° F
- The flue gas’is quenched to a tenperature bel ow 200 F
in itthe eagagiepenicld P¥one. The conbustion system

further_ c ri.ses e L | f
an j % acroancg:i% SARCH} czs %%@F%ﬁ efu%rqgégre%%lgﬁsl o%agv&% (fqé'be
a]ppza{eee]{& famgm vheecfol Feutnges1lOanét ailechdescispicon of  the
of preferred enbodi nents which should be read, in |ight .
brafethe SEEOHbRNGI nbdnaviis ABPRATY E6PRoshBRdl i L Lowing
deﬁ%?fg&ﬂﬁé% {Sn r&EehriPe£PEH CSRBAEERENRE! iBich should be
t ro_ughout the several views. Brief Description O The
redd awings 1ighEi gw® 1the aapeorpealyividew dfawiowdhd | odr which

wet scrubbin appar at us_accor di to.th :
CORTRARIVHS Frgee bondci SUaDEER: (e Btv S HeaprNgine Parts
th MRl gISSU U i & Gs e PPRET atusyaccording to the present

invention denonstrating the directional flow of water
Brigipes @il e Of eThe)gJIFa‘@lfnﬁz is a perspective view

of f%ﬁgg@yln%ﬁglg RPN 1N HOPr 8% ikl FE8UIRSubbing

3 an are cross-sectional views of. the spray
appwzzties shoverdindi gurese pBedgurinénsien si de

cort GHAaLRn L2 vt TSEF LEBH ng L Hather P AEED: e FuBPIng
appi @ aldeneaihg epbodiHenbrekehbe PiesSeNion N\RMImM¥trating
n Flec%.ure 6is f chart Idgatlgggﬁfer cent age of I\%renoval

& et src izl NGoW a? . @A | ZPAY e E * Vi ew

o P UBL B Ly SSEMIBLIR 20,009 U5 BEERIOLR:AD. shown
in | mventéon Thed present invention is generally directed

to a wet : .
Figures 3 and 4 are cross-sectional views of.the spray

nozzle shown in Figures 1-3

Figure 5 is a side elevational view of multiple spray
nozzles configured in a wet scrubbing chamber in accordance
with an alternate embodiment of the present invention.

Figure 6 is a chart plotting percentage of NOx removal
versus ozone/NOx ratios.

Figure 7 is a vertical view of an upflow wet scrubbing
apparatus according to the present invention.

Best Mode of Carrying Out Invention

The present invention is generally directed to a wet
scrubbing apparatus, such as the wet scrubber 1 shown in
Figure 1, and a method of reducing NOx emissions using the
wet scrubbing apparatus of the present invention. It should
be appreciated that the disclosure in U.S. Provisional
Application No. 60/485,780 is fully incorporated herein by

reference.
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scrubbi ng apparatus, such as the wet scrubber 1 shown

in Figure 1, and a nethod of reducing NOx em ssions
waigisgi4ibe 35 wet scrubbi ng apparatus of the pPe€F®ES1003/031101

invention. It should be appreciated that the

di sclosure in U S. Provisional Application No.

60/-A85 480 d St d uth?ukacqc pehat e thes@iubiyr 1efier gregerably

WO 2005/ 014134 PCT7 US2003/ 031101 ' 9 5 Referring to

a tFRlureylindhécakt teweubbad Tomprgsererabiiue agegl fnlet 100,
cylindrical_tower a onpr j a.tlu inlet .1

T o A

an quesgBedin &t D@ONendnj eetdon @nd zpekent0Hn zonkid@id spray

a liquid spray. zone 106, several |ayers spra :
zoNfoz k¥ es 9BBSFBEat-8dSFf Pﬁesﬁfaéé§“ﬁﬁ%H%%i%@OZEHSXEEQ in the
gaéﬁﬁyéﬁgﬁ%t SPEAY i@@ea%QGi'%@QFaéﬂﬂgy 3% ex0b, 1884 a flue

r of the tower itself may range from 1.5-
gasb0ekéet 18 it Shivei ghaneipgr r afigettia ofirBero itER1f ey range

Hi f al, L f fl ]
2o B PO ot GRS of &1 M sy SRk Ry pefon St 120

fedchi eved using the wet scrubber of the present
invention. Injection of ozone intqg flue gas duri

wetH 5Bt uBBFAENEPERAL i nsNOWNIRENORd! | HRPECEY Wt giResmitted
fr&yskggﬁééﬁ?ﬂfgﬁgugf theihavel s, ofoMNOX bR Bdeagxhaiiel using

gas' s one can be injected using LOoTOxTM 20 a
thd30Be® osprubber NIK rtéducpiesenechmoleogyiant.i | i zimgection of

ozone to idize the NOx present in.the flue ) .
OZCFL%T@QS‘FP/I UE OREAEHHR DG B HRE B&C ??%ﬁ%ﬁ Rg, which
foﬂiﬁ%!@ﬂ@%T$&s5§ﬁ§ﬂ1%fstéM@j|@§her@&QEéSkhé|le&@ﬂsFGGUNOx in

applications fromBELCO(r) under |icense from BCC.)

thd nexineupt effesr etireahodi PEvne amrsHrwninieQsedi gaipg1LoTOx™,
the ozone is injected intp,a t scruybbi ng,devi_ce,

a BQfe nCHRURY dBWﬁfIHW‘Sﬁ?QVCHBE\A%EE%@?ﬁngD%(tP;lZlng ozone to
S ber.. The.pr | oy z 0 i di ze ™O

ox SR TRE0ST TRen {8 ) LFrc Gaid, TRgs. TheoxtO s 2

tratdiid £k a6k fed opgednkn Bothe RiRGeSHd S tTied DEDOXY iszeden is
with the dilute caustic 30 present in the scrubbing
avdiltpble t ex¢ busivelly ufirni FEGUe appliketisasuem BELCO™ under

license from BOC.) In one preferred embodiment, as shown in
Figure 1, the ozone is injected into a wet scrubbing device,
such as a downflow spray type BELCO® EDV® scrubber.

The process employs ozone to oxidize both NO and NOz to
N,Os, then to nitric acid, HNOs. The nitric acid formed in
the process is then neutralized with the dilute caustic
present in the scrubbing liquid to form sodium nitrate in the
scrubber.

Both NO and NO, present in the flue gas are converted to
N,Os when they react with ozone. Ny;0s is very soluble in water
and forms nitric acid with the moisture present in the flue
gas stream. The major reactions involved are:

NO + O3 - NO2 +
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Both NO and NO2 present in the flue gas are converted

to N205 when they react wth ozone. N205 is very
waolosbiasin water and forms nitric acid w th PEBUS2003/031101

noi sture present in the flue 35 gas stream The major

reactions involved are: NO #003 - NO2 + WD 2005/ 014134

PCT/ US2003/ 031101 10 2 + 03 ©;N205 + -NO2 -->N,d205 + +

H20O - 2 HNO3 --> SO2 + 03 S8 + --> 5 It should be

apprec:HDed that the reaction of SOU2Zwith ozone is

very slow as,conpared to the rgaction aof NO w

ozone. Thereldr®, the %ornatigﬁéof S8 due to ?ﬂgOB

presence of ozone is very small. +0> Referring back to
Figure 1, as_indicated by the arrow, the overgll wet
scrubbi ng pré@éss begiﬁs mhencﬁas enters the 86 of *

the wet scrubber 1 through the fluesgas inlet 100.
The gas then travels through a gas quenching zone 102,
wherein the flue gas is quenched to its saturation 15

t b I : . whi .
em . SBHRaBL Ty TR e DhoC Lot e ae g Bl R 02 with

oz &Y aY sNezzheSslothesscesmbangd | itquitdse areadiient ext NO with
towards the interior walls 114 of the chanb

ozqn er | Prenatrsuc - af o il Ao HotSenMe 6 e preseRce of
oz%@% f§n&g€&:§mgfion of the chanber interior 110. 20

After quenchi ng, the gas then passes through the ozone
i njRefénn mndoaeketbi Ghigore 104ashemsligedesl iley the arrow,

I njected. int th hanb i nteri 110. Th
th?réV%Fgf%hWSggﬁCFﬁQ%lgﬁaﬁﬁﬁk%%%légQﬁnﬁjfp?%r8§§ tHElrs tne
toPr edetialdri ped rRieMJaN 11 FBrotighhotiie t ieupr egancendét 100.

liquid droplets fromthe scrubbing 25 Iiquids, sprayed
Thé n g3 gdsqussencas z6hEoRoR. Fhedyas FUenehd agaie 102,

whSPLAyed Wt h ffﬁ&bbhgg liqui dg EROALSPT @)% N0ZELeS saturation
temperature by at least one spray nozzle 200 which emits
scrubbing liquids. Due to the design of the spray nozzles,
the scrubbing liquids are directed towards the interior walls
114 of the chamber interior 110 such that they do not enter
or fall into the central portion of the chamber interior 110.
After gquenching, the gas then passes through the ozone
injection and retention zone 104 where ozone is injected into
the chamber interior 110. The gas then travels through the
chamber interior 110 for a predetermined retention time
without the presence of liquid droplets from the scrubbing
liquids sprayed in the gas quenching zone 102. The gas 1is
then again sprayed with scrubbing liquids from spray nozzles
200 in the liquid spray zone 106, after which the flue gas
exits the wet scrubber 1 through the flue gas exit 108.

The flue gas inlet 100 1is typically a ductwork
connection made of stainless steel that connects the boiler
(not shown) to the wet scrubber 1. The velocity of the flue

gas flow inside the wet scrubber 1 has a preferred velocity
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200 in the liquid spray zone 106, after which the flue
gas exits the wet scrubber 1 through the flue gas
we@x005/01484+ The flue gas inlet 100 is typicall yPer/us2003/031101
ductwork 30 connection nmade of stainless steel that
connects the boiler (not shawn) to the wet scrubber

of 1i0Tlhe velocida-siqt heithdaghgasmd | eystesni des t§peveble when
scrubber 1 has a preferred velocité WO 2005/ 014134

th@ﬁw@m 03813F 1in Stk IRNDS f OELMEEEONELOREL hdughd 26
t S mi erabl : e.vel.gcit 1.5 A
e

intensd | ertof sthabgag pij ortie ety gant cehberivey the wet
scrubber. 1, th

e flue gas entering the wet .scru L
SCRIVAT RS k cRPEPARr ccoGreat B PRADUSTE  SRGTL0000 F, and
cofOM 24 NSa BAERT Uk omeABESHA OBy BYBAAREEST SusHCRsaguidhiruloxides,
oxl des, nitrogen oxides and particulate matter. In

ni‘@;@@enf@miﬁha@ and OpEMtddudatticomptoeess tHopirgleze for the
t e poJlutants, the operational tenperatur d

LoliSeny GHLTE RGO Gel B ALt e (RRAA SBOLEICTE,  the
op%ﬁ%P&Eé te opefati-onals 15sh6AP8T atdH&sr argtnotz75° r,  and

eved, the subsequent injection of ozone in the
preferablyj ectdson &hdnr e2eht iBn zoAé 1@@pFepriate operational

i neffective. Qzone_ deconposes at, te ratur g :
cobPSEEESLeY £ ar o0, TRTRIRE, il SR AALSS, OLfftetion o
ozdSEPerAt Wies piogfer abhrchebaw 2hAF tetbrtedhiectone. 104 is
~ Accordingly, once the 20 flue gas enters the wet
ingEfembbyed, tdOnFasIABRTPHEeEosited P ftfdHceggreater than

256Do#jrmkﬂﬂé q%gg%ggn gécéiﬁPfléﬁ%dgﬁﬁ BEEHES A8 Y@Snperatures

quenthing zo re the flue gas is preferably
préfiensibed béboat 2b@aEBt tot beadifdbativesafgcatridangly, once the

tenperature typjcally 25 r ing from120 - 180.F, or
fl%%r%a%r%PE?ﬁﬁl§h§45?§65C§?gEgFt30u§ﬁetﬁ@ss ng%SCOOled oL
quéﬁ&ﬁédpperable when the gas is quenched to

tenperatures ranging from 100-250 F. Cooling or )
quededhl hggt e f lauenghd ngi t Bfpakhe alflgifen&RiSngOFSUKRst 10 9as
successful fo 'y s [f0l | ey ng J_appli QN
mSHFEER Sprpedlis MR AR (EHhCieng oF Loertegrar (enebed
toflate Dassts itdi fhdtabatio carturaltiwmentappeietute ttypically
flue gas from FECCU

ranging from 120° - 180° F, or more preferably 140°-160° F,
although the system is still operable when the gas 1is
quenched to temperatures ranging from 100-250° F. Cooling or
quenching the flue gas with partial quenching 1is not
successful for flue gas following FCCU application. This is
because partial quenching or cooling of the flue gas 1is
difficult to control when applied to the flue gas from FCCU.
Thus, complete quenching of the flue gas to its adiabatic
saturation temperature typically between 120° - 180° F, or
more preferably 140°-160° F, permits for the subsequent
injection of ozone in the ozone injection and retention zone
104 without fear of ozone depletion.

In one important feature of the present invention, and

as will be described in more detail herein, the gas quenching
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Thus, conpl ete quenching of the flue gas to its
adi abatic saturation tenperature typically between
wa22es01480 F, or nore preferably 140-160 F, pereTUS®03/031101
for the subsequent 35 injection of ozone in the ozone
injection and retention zonel2 104 wi thout fear of
zomzoﬂ@deMeﬂénglynconéahnpomﬁanleaeatmn&cﬁDV%eLAB -G spray
resent inyenption, and scri bed
S | e Uihi=E hbVBRsOfBRERL A LB 2005 FOPAESE OF Spraying
scP@ﬁHﬁ?—OOﬁ@ﬁH&l tohArRiZOoRBe102npeel 6rably1TONt Bi NS of the
at least one EDV(r) LAB-G spray nozzle, or simlar
Chamﬁﬁmoflhbzzlérthéﬂois caphdtet ignabayi ngucher ioBizdgs  are
ui rds_t | r I 4 of the chanber
pref%%ﬁ?d¥ %@% i@ |%ﬁ% I%%g%uck %%%%1es ar e
pre&grghbwnabheFt@u@@nmmmwhﬁnqmmntmezeprag Aszghean 200 are

in Figure | A wherein the s nozzl es 2 hown
She { ERAGCSBIUBEINGIIGUI KUty {H0F heo 2ine. (3PbiLEReof the
sp§£%2ﬂ099féée§ogogotSlgéﬁgchlﬁl%c%ﬁb%@ﬁbngﬂqdyaéiiowards the

rds the iInterior walls 114, there are no water
1ntb1¢¢5tswadlssuﬁﬂ%unlahEyenoam&ernaromaﬁ%ﬁfaﬁrpﬁéets or

f
sup kel L7 o7 T uFhe Bt cudpbPEsGPRLihy PhIRHER HhE center of

thaval disariise €1 eattedi okhi 9 1di.f f er snftead, othercwetain of water
scrubbers, which typically direct scrubbln I|qU|g
dl¥%¢%@@htPW@réénf%¢eoMa@H§ wet SER@ng ¢ %@ﬁs from
tyelh Ngyhi GHI 89p068RY HREERNRIruiHR 1iquid
Ot%$9t% ch§ﬁ5§%9é % grggg ?Egentlgn%ther%lfoﬁgﬂie iquids
thxm@gbntheomennqnnvfe&hﬁuwgﬂegemuéb@hQMnhﬁmQ¢ﬁo)Sunh that

t he scrubbi ng fromint ferln
thex; BaF R l?%ac#?& g?ha?cﬁPPV oEBEr CFh Fﬁe 8?2#@6 of the
chafb&stion and reheMdn zomeedOfon M ﬁhgkéfﬁget h@revents or
presence of scrubbing liquid in the ozone injection

migini 265 rehenptoreneneod guat e r s ithd hgy Aidrathiking 1iquids
frof fﬁgggf% %go§£g§t£8Q ro%%%%éﬁgg?#BQEOR Q4QRE-wi11 occur

wat er I'ng through the
1ncenéebz@ﬁethﬁjehambﬁranﬂteetentlbﬁozowaté@4dr&@nmma21ng the

continually drip._or run . down the sjdes of

th
DEFHRRFT orO Ml I UPPENnd 18PE e ol FecFRT | LT eckrBFLON  and
retdfri30 Lot efhat ihhechatkomd Lhginebiserybhef dzone for

oxidation of NOx compounds by ozone. Thus, instead of water

o+

droplets falling through the center of the chamber interior
110, water droplets continually drip or run down the sides of
the interior walls 114, and are collected in a reservoir 116
located at the bottom of the wet scrubber 1.

Due to the design of the spray nozzles, the main portion
of the wet scrubbing apparatus is an open tower or chamber.
Additionally, the open chamber does not utilize chimney trays
or other devices that can segregate or define a physical
boundary between the respective wet scrubbing zones. An open
chamber is advantageous for treating gas from a fluid
catalytic cracking unit or other applications requiring gas

cleaning operations because commonly used chimney trays will
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Due to the design of the spray nozzles, the main
portion of the wet scrubbing apparatus is an open
wo ows/014184 chanber. Additionally, the open chanryrUSTIO®E31101
not utilize chimey trays or other devices that can
segregate or define a physica 35 boundary between the
tend@specpive wethspauvbbrcnfazenesusAngofiemthelmamemntienance and

advant ageous for treating gas froma f|luid atalyti.c .
re St LeRing Ldn; EnBFROHHGPC AT Ra T ond  ebiPr | i s Catalyeic-
cr&L 1B Na . OPer at | aNs; DRGAUSRy CAABNIh i chi or other

trays w ||~ WO 2005/014134 PCT/ US2003/ 031101 13 5 tend
seqegtuinai tevpaesi cul 30 e addwyisngt $r BRer op@i ntvedamee at the

. and Lting in. fhsie .
s 00 {0400 Byamechedd o GSLLTE Rl TRY ozone <o

cop B¥iSe Bf 6k Dei zeSEOKEgat Fungk itkesaes, atlsds ablrewsgkaenan helps
open volune at the mist-free ozone injection, and

to reednet onifonett Grligvdird a0 P ORpPeR et yObxildidrddngroplets

inFﬁﬁéhgﬁgﬂéeiﬁégb%i%5r%ﬁQF el RS z4Re " HHEEmalf Mlerfere
el[1Tmnate, t presence of li1quid droplets in the

witdz ot | ovpietd i oom epucbeadent i on zone that nmay interfere

with the oxidation pracess. ferring,back.to Figur
1, %%i%fﬁﬂégfsasgggg ?chsguoreeer?’ 13"Gtie gﬁeaf,l%%eg is%as been
qud e PASERS IgHP tHENOZRRG N BEtd ORhanthzdred enhijedtion and

zone 104. Qzone is injected into the system
retRrtEembl3eTe orh0dn 0zoRBOHEnetat okniooteRatinerdst e System

h h o] 0 L pt N 9zgnesl Hjectign

prér)]%éz)z eléoli?&qv\ﬁ?lché%){ﬁje% él{(le%tg?lggﬁ?egz?he ozong.egdig £h@N ozone

thﬂﬁi@@ﬂlii analilpy, a0%er eamdyibeo2@naddidrieonahjenfeohi opwzzle 201,
nozzles 201 | ocated al ong the pipe to, .pernit

whigh eelttpncbf - 52BNk St thar P6ES St ocg”fifi&?i%?n?ﬁ]éy(f)z GhE TS may be

add i £5iL0 dhseethyn Mo dhes i pberiicafed heioahari®d pipe to
this enbodi rent. I n another enbodi nent, such as the

pexpit oimppparen ust i zFigure Vankteh Wetatiengescri bed

| n The P FORS §8e eHrRese D0 T oaiatel Giar B CFRgr O the

ch&@Se flUEACRINAG ZaNeodlZntend [Tustarhefiene enbedinmgnthesuch as
chanmber. As discussed, it is desired to | n'! ect ozone

thet uBfLeenp@Parates et Forraol ¥RISE Represrafbed in
gxggtéyo&gtail herein, the ozone may be injected in the flue

gas entrance 100 immediately after the gas quenching zone 102
and just before entering the chamber.

As discussed, it is desired to inject ozone at a
temperature that will not cause ozone depletion. To avoid
ozone depletion by ensuring that the ozone is injected at an
appropriate temperature (i.e. a temperature at or below 250°
F and more specifically at the aforementioned temperatures
and temperature ranges), a thermocouple can be provided
adjacent to the ozone injection point.

After the flue gas has traveled through the ozone
injection and retention zone 104, it travels through the
liquid spray zone 106. EDV® LAB-G nozzles 200, or similar

nozzles able to direct water towards the walls of the wet
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30 ozone depl etion by ensuring that the ozone is
injected at an appropriate tenperature (i.e. a
wo eowperasur e at or bel ow 250 F and nore speci PCT/ab1093/031101
at the aforenentioned tenperatures and tenperature
ranges), a thernocouple canlfe provided adj acent to
scidig iorpneppajrectisen P npre3sraAbiler whblited das has liquid
travel ed tQ{ou h the ozone_.injecti and reteatlon
SPLAheZ 208, T 1 ravel SPEArBuGHS HE T YR Spidysone 10 one
preffe r EDVERDo bR P N0ZZ0S 208 ehrébNilledielshozz| A6zzles 200
able to direct water towards the walls of the wet WD
febOEY 054184 2PCTH USITDI/ @ill@qrulmhlsgsclrm%glnto the flue
ppa ar.e e d [
s PP st a- TR MITTEEE, Se kb S, A g ur s, npoer and
layHies @feﬁ@ftbéseﬁbodwmmmtdepbadeoarehEhs@stEGMMeguﬁiements,

nozzl es 200 feeding several streans of bbi ,
su¢h qiA% i HE® ¢ eappher gard SPRIPAE t 8%t heDgas Wet scrubbing
appﬂé‘&.{?&% ng éHE@ %@1% e apelaAntedd ta¥8E8dPf it exits the

ozzles 200 w |l depend on the systemrequirenents,
we$u%@mwbb¢heldthneueh bh@ ﬁéhghgaéfeﬁhé %3@ @@ﬁbmﬁnﬁfhausted

. rat us the 8 gas has been treated, it
th%éﬁ&% ?rﬁFaégtgg rd% 1 through the flue gas exit

108refdrd s2 e@témkswdthé he vy ILAB-§t &gk alynoto siemP)00 Hrovided
. Figure 2 depicts the EDV(r) LAB- prqg nozzl e, 200
in pFo%i GbEULfn SPREYI P fray WHRF 1685 GnanoRigdszone.  Of
coﬂﬂﬁQChéHg é%ﬁ%aﬂgé PenodVe Skbhalle $PEQY 1R0ZH B rdance
can be ed In accordance wth the present invention
w1ﬁh)(ﬂhﬁn(pnesbndpldiEmeaoor toubstraateal &y draplet free or

free ozone in d retention .20 zqones. The, spray
SubAR L 3 KL E| ri{ﬁ%ir Has F WS i A FSGiH: 26 4 Hebention
zoﬂE&'OWTH@CK%gég n@BQlé ﬁsréﬂk@ﬁlagada3&4haﬁh%.iﬂﬁamg region
nozzle is tached to the pipe 202 where the matin

21Q¢eghohol2el mests Al ZonprendnCiiFiRése haad nglt eglgﬁe spray
nozgﬁ of g t%%ég %%% t?%”: n;150§0$ﬁeg%t%ﬁbphﬁ@lggzreglon

spray noz et her spray nozzle
21@Oﬂe@a§ a @b&@ﬂehe&iﬁrbo&a&&dmmtﬂﬂgaregﬁ@m|©680bfth@e pipe

spray nozzle 200. The b|n travel
208 hr oGt e i beC2BBECER o Pl and et S ongrate 200
together.

The spray nozzle 200 has a channel 216 located on the
interior of the spray nozzle 200. The scrubbing liquid
travels through the pipe 202, through the hollow neck 212 and
through a passageway 218 that directs the scrubbing liquid
into a channel 216. Channel 216 continues throughout the
circumference of the spray nozzle to allow scrubbing liquids
to be projected circumferentially outward over the rim 220
which extends above and below the hollow neck 212. The
beginning of the channel 216 has a deep region 213 that
transitions into a shallow region 215 enabling the scrubbing
liquid to radially project.

Referring to Figures 3 and 4, a cross section of the

spray nozzle 200 shows where liquid will pass in the shallow
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through a passageway 218 that directs the scrubbing
liquid 30 into a channel 216. Channel 216 conti nues
wo boosioghisut the circunference of the spray noeei/@s1003/031101
all ow scrubbing liquids to be projected
circunferentially outward ovyér the rim 220 which
regi)drﬁnd$5abmd? aadp beleoonhe2 1l | owhreckigh2 velleity of the

|nn|n of the channel 216 has a dee
SCRSHLISS SAHIFL | BVEDTAL o SRl | SRERdg) B 2185 erdll] | fgSures
th&ﬁm%ﬁ@ré@¥ﬁﬁﬁhné'Eﬂﬁgléoléaﬁk@ﬁé&t@ﬂ°k§@§al@9f@ﬁ&m@ﬁds from

to Figures 3 and 4, a cross section of the 3pra
thmo&;zt@yZﬁOzshev\éO\QherP@ lagutd walintgass a ndrpelehalfre® zone

ox YRO0ELOLIEE PELLUSROON 05110 15, 409 O AlE Moo

11d. Q%@c@m@lY hr@@g@w@ra&e n@igtgﬁcaoehans thes sptrla@t nozzle
t he scrubbing liquid is prOJected radi al |y outwards
20G mean el BpRaynpoketerden, Wasladl flooi@atﬁtealcﬁaglber interior

free zongs or-subsy pd [ 5L 4.
11dj QH] chlasre}ber Interi or 10 %Hd&ﬂ,&%:co%?ng@{/e,ﬁ espViZét)'Lgfs H
tﬂeaepeztca:n@ ¢hath¢ héispeagr nofztke 2b6mhay bBeterder 110 of
the interior wall 114 of o r interiaor
theailelr | SCHINRSS dir eEPEd E%E&%a f@gpﬁe% Bf%er | 8?‘22#?3 200 are
ty;élﬁé’an[?p?eehﬁedorétt her dcabpetercOf thbe cehamberof ntBei @hamber
of the wet scrubber 1, the EDV(r) LAB-G spray
lnmlzcblesli@o when 5 @gﬂp@%@ nPA7dEat 68 SR Efosedgly level.
Whe&esc§g£§i QL EE% CQ?Eb 'ﬂéy\ﬁ?cﬂjfé¥gfn @hé'ﬁgE%les may
nozz usSed“atedch eve en several nozzles
be awﬁcb@d?ds@rhexeka@hel]@ev’edfeemh’eheozehiesrrmﬁ the phagdgr 110 and
somewher e between the center of the cha?tgdr 110 and

the he AtR%qtor Waatl 174 TheThdz AA%%% 500 prdier &BiaFerably
loégkéﬁcéﬁegh@tehaeo%n%‘ﬁl fe P e @@gttbéédéegé%ubblng liquid

scrubbing liquid intothe nozzles 200 froma |iqui
intsupphy. nkezlmmbafOoffromozz| édaaad |syrpky of MGy | egmber of

e ion_of the size of h rybb t
no%fr?o?ﬁ]ta%ﬂg ﬁ?éfﬁr‘fa séjarifozr elqeusl rae]aétg \ggﬁl&% ol cfsafln%%e d8ze of
th&agdt ofctiepepzz) esh@08moant bheltquper abubg Grfequél&ed to be

the flue gas entering the wet scrubber 110. In a
purERedbbREOWERISha AfnefF e dRaABLer, 200e mrbehie BFmPSEéture of

the—f’#éﬂ}/e NPZZ ! &,1200 & gach,develigbdhe 16 qui d spray in

In a wet scrubber with a small diameter, the presence of

one spray nozzle 200 at each level in the liquid spray in the
gas gquenching zone may be sufficient. Alternatively, (as
shown in Figure 5) in a wet scrubber with a diameter of much
larger proportions, depending upon the nozzles used, it may
be necessary to position the nozzles 200 much closer to the
interior walls 114 of the chamber interior 110, (as opposed
to the center of the chamber interior 110) to enable the
positioning of more than one spray nozzle 200 in a given row.
In the embodiment shown in Figure 5, 4 spray nozzles are
arranged in each of the 7 rows.

By way of example, in a typical chamber that is 24 feet

in diameter and 80 feet in height, 30-100 spray nozzles are
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gas quenching zone may be sufficient. Alternatively,

(as shown in Figure 5) in a wet scrubber with a
waelc@awi4as4 of nuch 30 | arger proportions, depenedTyS20®031101

the nozzles used, it nmay be necessary to position the

nozzl es 200 nmuch closer to tite interior walls 114 of
prdﬁmd@mamm®rdhlperbed th@pu@&sumpmhﬁﬁbaaoqm@gchéngezone and

of the chanber interior to ega | e

i { PBRAAQ o ror o SEREN o TRo5a10Y 26F oErom 1750

feéﬂ\ﬁﬁ1&fﬂﬁe@gElnaﬁ@etﬁngQMBgﬁto§hﬁ$@zR@sFVQHerése@ on the
spray nozzles are arranged in each of the 7 rows

sizmyoff xanpbeayi ntaweypiloal erimer) t RRC |%tf2@frf@@&>yllcable
a|n i ameter and 80 feet in height, 30-100 spray
b I?Pd‘%ez e are WD 2005/ 014134 PCT/ US2003/ 031101 16 5
prQNWQeﬂe@@ﬂhd@ﬁpﬁhéedzbhéOmgﬁedtlbheagdsrquenthbngzone may
zone and. liquid sp rag zone. Spray tower cal l
ber%n@%“$?b%@l°§0th?e€? PAtUPANELER dgRATE e n hﬁ ﬁéoretlcal
@%ﬁ%%ﬁ?‘yﬁﬂg &%ﬁoﬁofh@hesb§8n8ftéhgeﬁefawlﬁﬁmﬁﬂuEOQas is

er) and o er applicable paraneters. 10 The
calanpitedf baecdzome |bhect rehiandofet ¥plipa zére Hapw rate

be a cti Qn. 9 the_retentign t| desi r
(Ve it T4l B8 et BREC FREBGIba I BF (B 5Rgng (Buns from
0.5ep8tsdiud | s gasing oahéewl ated b@ﬁedsoﬁotb% MQMGWed and
of volunme to flowrate (Volune/Flow Rate). The

how eagidhonTeFAEURY i X2 Cafs PROMALIRTRA0 sekbndihould be
ap;%? cgfgﬂ&g (Eﬂ how jouch. NOX 11§t O Pite T pERLEd (?ﬁ‘dthtéo“fcatlo of

reS|dua ozone can be tolerated. It should be
vomm ecbatfdcbwt hest¢ haayetwenty oslighelpasgdven ttiee r 4acd that

volune to, flow.r vary slightl give
tng aé%OWhaﬁatet h&S f PGl a‘éité{ﬁsy nep L EGEar | y i § BFﬁ?e‘FHSd ozone
reP & 6kd ed Qrong 203 6si deReRAL), Mal Shéudh SegoHNdisndicated, a
al t hough as indicated, a residence time of at |east

rein&BSQ@ohdme @ﬁl&ﬁth@aﬁan@bﬁﬁseqp@ﬁ%o 90 ddcorRy ragnge of

. so nte t ed e n or air can be
%t‘f?lgedsa 2 ls“':(’)ua:rzicée(p o?rpé%rgp%%%gn for the ozone

genei et or . pﬁh@ guggtht yrofaiozaen 125 wnttbrededsi mhe source
the systemis determ ned based on the a ail ab
of rehenPrvachi ART of PENBZBRENECPREAEB  t he T @rﬂﬂﬁgilgﬁd°f ozone

introduced into the system 1is determined based on the
available retention time of the ozone inside the scrubber and
the system performance required.

A WEDECO Model SG-40 is an example of a preferred ozone
generator 120 that can be used in the wet scrubbing apparatus
1. The generator is capable of producing at least 40 pounds
per day of ozone at 10% wt concentration using oxygen as the
feed gas. The ozone generator includes a closed loop chiller
to absorb the heat generated in the ozone production. An
ozone concentration of 3.5% by weight in air can be achieved
if the ozone generation operates at its maximum capacity. It
should be appreciated, however, that any ozone generator or
device for supplying ozone to the wet scrubbing apparatus may

be used.
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t he system performance required. A WEDECO Mdydel SG 40

is an exanple of a preferred ozone generator 120 that
wa@ansoetissed in the wet scrubbing apparatus 3BC/USIN®031101

generator is capable of producing at |east 40 pounds

per day of ozone at 10% w ddncentration using oxygen

as Tie féeddrgas. ofh@z@zmnasg@neemmblmcbpelestad such that

cl osed | oop_chil o0 abso t he heat .gener.at ed
an Py orfe %dﬁ%’f%%nbemee%zin% E8n2e2t th F“&Frnfﬁa%egﬂ in the
syd¥eei OhlcHiRBidg CaR Besaehi@yedods ddtideinzantis range is
generatlon operates at its maximum capacity. It

po sstiduil & lbeﬂamxr@@:l@h%dweho&@vwbltlﬁaprgwsézéﬁéordlng to the

d
oGS A ool SRS h0En UBBLYL 186 S200E L0 I PR! capacity
maPCHeUSeapan0al1od a]&“lfe‘}EhﬁJ f @®4 rare gfeszene NGx removal.

preferably operated such that an ozone to NOX r(?
Depradiceh HPPNX othe ARPHAFAEAPRed $HIHHRECRYSt i 'Sailable

posse‘}\?{ gy iﬁanré‘%'ﬁoknc&H'Eef%ag%elds Thus, 30%

fzing t wet scrubbing process according
ort60% herenpurveiennay nbentaJOdmeV&ldd Mﬁeﬁeepéﬁdtl ngltat ipt $xpected

ti mum capacjity 10 nma capabl ch| ev
thag’?eﬁfeglf’vﬁl& J%arr%l\(?éﬂ mi J?:)errréfpﬁfé:a e app qu%a%% Oximate
raﬁé%ﬂ%feﬂ@@¢§0@ﬁdaﬁﬂﬁbu@ﬁ|@he0§§éaémngscasb&blbh®f achieving
renoval of NOx can be varied. Thus, 30% or 50%

pereamiadesmphe NR&hi so8avRt deidt edrqt 0§ eRpechere- Such
peEcéﬁtJ§@@V§k g&ggﬁ%%ﬂ%%ﬁgoa¥ggc@@g&dy%ﬂéhﬂémbver prior art

roxinate 1 % t hough the system
wetsmpaﬂblee:sof aspéeyhmgy pgirwntat@% obshiOefEaovaveness of

that are 90% or nore. a of NOx r I
ma i iea i R by ERBN Y SEFEr prfpr igwé} gs%?%%‘éjr‘%teg tat the
s §§Q§Ci§J§V191V8Qp56§e09§ta@ﬁﬁ@%ihgeae§§gﬁfpercentage of NOx
mal ntai ning the system It shoul d be ap€r eci ated, that
e

rem¢MﬁEOWB§S®eﬁn|QZQneVNO@ag@my@(ﬁfgﬁﬁﬁ pné 8 ﬁ@gwmlntalned

n D0 T Re nalnt A Roc” | D Byt ERCTEy iy of % ohart

ﬁ@ﬁﬁﬁ&&tlﬁﬁgutﬁeﬁ pér@eﬁha@é dEnDNSkraRem@vbﬁe versus the
percent age of NOx Renoval versus the ozone/NOx rat,i 0.

ozore AfFan ERLEC corst aHORnpEr attur AT I r dRsHAure  and
redd @Bncdscipdi cat ed; by; the.gUWryerndM &b gheith NEi§8er the O3

to NOx ratio, a greater percentage of NOx removal 1is
achieved.

It is preferred that NOx emissions from the wet scrubber
1 are less than 50 ppmdv, in order to comply with federal air
quality standards defined in the Clean Air Act, as well as
regional air quality standards. Such emissions result in a
percentage of NOx removal that is greater than or equal to
40%. NOx reduction by ozone injection can achieve
percentages of NOx removal that are greater than 90% when
the NOx inlet concentration 1is at least 75 ppmdv with
retention time of 1 to 7.5 seconds. Injection of ozone in
the wet scrubbing apparatus of the present invention can

reduce the NOx level in the exhaust gas stream to less than
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to NOx ratio, a greater percentage of NOx renoval is

achieved. It is preferred that NOx em ssions fromthe
wowrdsscrigbber 1 are |l ess than 50 pprdv, in orBET/US®03/031101

conply with federal air 30 quality standards defined

inthe Clean Air Act, as well8as regional air quality
10strgmdr dst Sheh corirssi oasenebut t tinea fyyer ckntage/ .of seconds

. renoyal, that is greater than or_equal to 40% .
wiPBARCEPON oty GFORE i) LTt G Cat acHiGVEE e HETE enpaghgtention
tifk, NExer eBBYak Hhalz cdlee O erS:elrdtian D% sheir3d. t heor gases

NOx inlet concentration is at |east 75 ppndv wth
wiEbt ekgvion Nose dhlett con®eretdidsns | §j i8R ofegzofean 45

' tk Scr I.Ng _appar. t r :

eoblly PF 3 1%L 0 ARRRE RS OIS PIESE Nty (ot Loast

3:8reamdchiess pbacergo050d14084 PEISWUSPORBAB3EME greater
18 5 10 pprdv at the ozone retention time from1 t

thans 3REonPRSR v TIF a REHATH 1P Tb2 driE'S 0 TRBFSSat FEORThE tO 7.5

se@BﬁéE?FﬁHT%HT%é%tﬁQB bbi orddif d=8SS t 8022k k0 MNIunt of

ratio’is required. For gases w th |lower NOX inl et
theoweomer atntonsdiseeh astbesdet mrs4sn paydelsiot agddte higher

require a greater.,ozone to NOx_ratio (at least 10 3:1)
re?bggéiiSéggﬁe}ee%ngS§E3PsRﬁﬁa?eﬁ%%gﬁ&fhat are greater

t hann80% wherbihe retqnitd omskidmeinanges fwetn kdrabber 1 to

seconds, which may not be_econom cal. The excess _ . ,
qUgRBANEDNEF Jashe sy oHFa Nt P HdbiRBdTLHE0 IBRe 1Sy &t R TRyation of

wab$0 Eheal g Ni ghery Gﬁ?ig#?%iQZPQepﬁﬁmkﬂﬁh€ﬁ99?§B dd3%e 123,

stream 15 The scrubbing ITquid uséd in the we
andcchebécal takerugnchsudie gasdahdtspr apustichgdddie which is

as .is, a copbinati of water make-up, which i
ouflfitet ErPoSBlohent: PRRouh |\ ne 195 < and ohem cal

makehHdp.s b iasy di{aieds cagsti Gf ege whkChsdrubber capture
punped through I'ine 122. 20 The scrubbing |iquids used
then rehetien guradisdrs cabt tihe ocrhEaFéant iteR PFricdfcandfrecover

enf AR N LPARRLORR RO E0YST yGPSoSULEHE B e
gako ibe axildi zed be(bxidimagemopmmfninﬁ@¢e§n@enthemxhde and
thggn\k/)eertggmtrgrgé rit% a}lciitdr'ic’l_\ciagig?lseSAcaincgi &gggtsi %Qld reaction
products generated from the reactions that occur in the
chamber are then neutralized with the dilute caustic
contained in the scrubbing liquid to form soluble sodium
nitrate.

The scrubbing liquid is continuously circulated through
the spray nozzles and a return loop. A pump 118 recirculates
the scrubbing liquid through the line 124 leading back to the
spray nozzles 200 in the gas quenching zone 102 and the spray
nozzles 200 in the 1liquid spray =zone 106. It should be
appreciated that for convenience, the same liquid supply may
be used in the liquid spray zone and gas gquenching zone.
However, a different liquid supply and/or scrubbing liquid

may be used in the gas quenching zone and liquid spray =zone,

such that it is unnecessary to recirculate the liquid through
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25 products generated fromthe reactions that occur in
the chanber are then neutralized with the dilute
W@ ausi434 cont ai ned in the scrubbing Iiquid toP¢dDUA2003/031101
sol uble sodium nitrate. The scrubbing liquid is
continuously circulated throlgh 30 the spray nozzles
bo@indzanest ur AlkoppthA poma 118 fivecitheulpteeschitlte zone and the
_scrgbbing l'i qui d thrqugh Igﬁ line 124 | eadi,ng back to, . .
LigRed SBray o7l d§V20tF i htiHer s q%elll?:fﬂlﬁa Ygndetppatio is
ma #R€a i REASPIRY tHW0ZZH 8% AP0 thatt hesl Igyéﬂeg’@b@y ZOP6ut 20-40
106. It should be appreciated that for conveni ence,

galhensamer i (Y Sapplyodny®s bécusedlitmouesd | thyei gystem is
op%l%?%?E%Fefgg%egggt8%$§cgl%gdzgge a%%?ﬁgvﬁér 2000 feet?:

_ rd-sap and/ Oor “Scru rquid nay
be usedfilowt hetgasfqueachiingtzaneaand ild dwedl Sipr dyased on pH
one, such that it is unnecessar¥ to recircuylate th

of |Zrta@i d-iHrichgh sii2008/ Ghe1HF 932005163 icpd g“ake‘up

£189t Baganes. AL$Rrable BResheed Qb thatauenchidgaong 1iquid
and the liquid spray zone may be different. Aliquid

hasoagatr @l 0oFs7.fmi Mmoaieved ithe hecsylsbényt Baguigd can still
preferably.about. 20-40 gallons per, 1000 fee t f .gas

beng ,15??h%ggﬁgt%%ss§s?% V%fu%p Fabie 5?n9%n%g §.59%%5 pH.
bet ween smcand 89r gahters mpede-100cd eehe3.sckivbwr fiowa pre-
rate of the diluted caustic feed is based on pH qof

defpemingdi JalNgi de oFORRRNSREBLBEr. tHHe BRABRY cdlequirement in
- . ' bl y: t N
thgaggggBragﬁgﬁhﬁg%%éégFgﬁgeE@F#%%Hgs%? %ﬂesﬁéégﬁﬁyfgellquld

scrubbing has a set p however
leset ubbi ngel irguedvoamn 4ficl.] Adelidtiidnaddd ,i ferigrdeascya water is

set value in the range 5.5-7.5 pH, .15 The .appunt .of .
2155t BFORARESLB L ShEnaLEePRERerol So5PpteS doturi el during
th¥akkye1beccompenssl e119r khe upler rreqpccemeperifiohle or the

evaporation process and to nmaintain the desirable '
operabidns| evef | rndidatesepppilicatdonaddferonafpy, scrubbing

energency water is |.s0 oyj d t u r ;
wofELERREY S e, . OBt BRcREEET A scuce
puill8ingnuppsetthe F&&kkoperati ons or the operations of

anot her application faor the scrubbin appar at us r
wheFBet GePY F8ten Wxdet® Anbuntine ﬁgﬁPFguF gugh ¥he spray

noPYi Ldi BHUPihn dhike §8Se¥Rnkthing zone 102 can be operated
with a set value so that it is 3 to 20 times the theoretical
guench water required to cool the flue gas to its adiabatic
saturation temperature. The preferred liquid flow rate is 6
to 10 times of the theoretical values.

The flow to each spray nozzle can be measured by an
individual flow meter located on each leg. A small slip
stream can constantly be withdrawn from the reservoir to
maintain a desired liquid level and solid concentration in
the reservoir 116. Fresh water can also be continually fed
to the wet scrubber reservoir 116 to maintain a desired level
of the scrubbing liquid. One level probe is typically
inserted into the wet scrubber reservoir 116 for controlling

the introduction of make-up water.
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The flow rate of the scrubbing liquid through the

spray 25 nozzles 200 in the gas quenching zone 102
wa@ansoetieperated with a set value so that it PET/BS1003/031101

20 tinmes the theoretical quench water required to

cool the flue gas to its adidBatic saturation

t emper dtnee. 1 The gaefiars edhle qacdubbdawgr atequid6 taoa purge

10.ti nes of_the theoretical ,val ues. The flow to
tregécﬁlen%r aythlotzzl(t—(: n BEOFEAsurdy b?}r B i & vithHflate the

cohlcewtrateonl @cfatceﬁnmeeﬁ@ IreGEhA SeBlbbBhd PLigEI&ANMThe flow
can constantly be wthdrawn fromthe reservoir to

raggi mfaithe %’éwleanguhwelqie%roaaa déhed 126 is set so that
thgon%‘cg&éé{ﬂlﬂé‘ci B? @cgg\io'f n&:&?Sh WRLAr Caly  total
o) ed

al s contln to t scrubber
disesérmedi rsdilibd t cnnmanmi arsnrabkjeegr e]quteweI isofptdferably 0.4-

¢rubbi ng One | evel probe js typically ,

0. BicorPa Pt hseRBECL T abBar FLLBrvElT GhB Tgrt scrubbing
sye@Bhrald isgilt hsab%ltﬁ’!@!ﬂall Qhe@fe Make- uptyBtals. WM2-1.5% and

2005/ 014134 PCT/ US2003/ 031101 20 5 Aline 126 carries

4-lpe §@|89§l§fcngelli§/qui d to a purge treatnent unit (not

sho er, to e t n ntr i on
conponecr‘_i1 éC%I % t he s%%q‘g%)%nlg %E%Ilﬁ dl(}1 'Crtﬁn ?a)ghausr at 82 9f stream,
a bbetsdnuh@mm@dﬂnmﬂudmluﬂngﬁ1d2dﬁeJéﬁhvéhgéﬂ,seu&Ma&s sodium

.th concentrz}tl on of total spended soI id and total .
biFFLATES,| 988 /S81 | FIAH Fhe Wi dit5i nFan qliy iRresent  in  the

sc?%éﬁag?mrhéﬁf& 0. @%&%nQﬁiigg@ﬁﬁs@ﬁﬁééV?Eﬁm aldhosgborption

et scrubbing systemiis sti'll operational where
oft A2 rit i vhe sg@s 2sUr & asweiraved 5% r espectively. To

cap e _residual zone | t exh ust as,.stre

15 g Serlfgl h &‘:ilﬁgen??a 5n %?O“éﬁ %Qor?e caé% ﬁég @mﬂf’ﬁle wet
scasbs@ﬂguaspplalreuth;fsatcenarmg Obp &St kN SUthi he sean Wlue so that

present in the scrubbing liquid. This typically cones

ther olparerdBedris onof of t3ERli n ufRPdest r eamidpr ayed. total
dlérESl@Jaa 86%8 9f, the %'c‘}‘{‘i%%%gﬂlr 28 O&Lbéd\? §®©3-1.5% and

scrubbi ng apparatus can be “oper ed W t
abvat ue &d g¢hat rehpecongeniyy at izord of itot @rsfsmmljyed in the

o Egohot s =20l ved 5019 I SCLAPD 10 g1,
respectively.

Referring to Figure 7, an alternative embodiment of the
present invention is shown, wherein the upflow wet scrubbing
process 1s closely related to the downflow wet scrubbing
process of Figure 1-1A. Given that the primary difference
between the two embodiments is that the wet scrubber 2
operates in an upflow direction, the same reference numerals
have been used to describe this embodiment. It should
therefore Dbe understood that the description of the
components and operation of wet scrubber 1 are equally
applicable to this embodiment.

In this alternative embodiment, flue gas enters the flue
gas inlet 100, which is located towards the bottom of the wet
scrubber 2. The flue gas travels through the flue gas inlet
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about 4-16% respectively, and is preferably in the

concentration range of about 0.4-0.5% and about 8-12%
wQ@osesqaecti vely. Referring to Figure 7, an al Per/nstooyes31101

enbodi nent of the present invention is shown, wherein

the upflow wet scrubbing prééess is closely related
1&&)ﬁﬂﬁ@(ﬂhﬂﬁgaﬁquaﬂthm@bmqmy 1ﬂﬁoce§@V8fLEBgGreprayAnozzles

200 i e R WA AL SN s DR RS b8 n02, to

quépfdhow il r£Tlié Ofast Iﬁa S Jefafance saerat Son h@¥Rperature.
been used to describe this enbodinent. It should

QrtierasttoctF THR IR el Heskds peowarés the walls of

0 n a er at f b ne I
th%%“@%%?i I2g¥%ﬂihlshgﬁgng§g q?ﬁPtﬁ§séa?ferng#ﬁg travels
t herolvgydhi mmt ozfdnsae igaise amitcer sartmeréﬂem:lcgaszomé €10400, An ozone

I t ds the bott t he wet , ,
S aer P2 e BT a0EPCl APeRgi g MTRe fadnterioz

11ionlat MO ZQQS/e%%%ePQE! US20084032401 128 JnkOQ lﬂt_ Otravels
the gas quenching zone 102. EDV(r) LAB-G spray nozzles

upp@@dar & ipvhdfrer alhy uPkPinged 1ndechaogas aqpeencheepizbere zone.
Th%géafkgr q%§ﬂ§hfﬁﬂgu%£%§ gggvggslts Sgégggérﬁl?ed period of

saturati on tenpéera Rozzl%s ITec
tlmerwmmﬁnxdugnNKhetcwwmbbrthﬁtmahbs 0fl0.t haHd uBlL. @asgas then
k After, quenching, the flue gas travels 10
reﬁﬁ §Ggt- el b¥ohe FRFe¥t iZoMeankP§ eVRATEOR S6Vered4. layprs of

EDQ@omB gengsalornprei gL abloy i & ect §c9698§nbntl%}dl%s towards

chanmber interifor 110 or at the entrance to
thientievtiegri okl vadlder el i4 QfaVbesweUpwawdbhethQn tH@rnzopeevents
eafter, the_fl

oL PRolr SRt nb AT o8l 5 (T rgohp the chamber

intbtraugh ihe ahaeedinervothllthe THeukl Ugagasad heR travels
reaches the |liquid spray zone 106 wherein severa

thrayeps ofhe EDVEPRCLABE &P ESR no2pes DoeRien  zone  104.
Af%%EHQ?HQQ lt!hgu'f‘_jﬁft %}%@r %%(1ttshecl'fentw%r%%rcﬁﬁ\%ilﬁe§rs ]%14tk9£ough the

scrubber hi s prevents rom
flﬁalbaagekhtough the center of the chanmber 20 interior

O LELLE L8 MR LD K] 4o 805 Skl St o ibea wicn
reference to particular embodiments, it is to be understood
that these embodiments are merely illustrative of the
principles and applications of the present invention.
Moreover, although the embodiments and methods herein have
been described in relation to the scrubbing or cleaning of
gas emissions from combustion and fluid catalytic cracking
operations, typically located after such operations, the
apparatus and method of the present invention may be used in
any applications wherein it is desired to remove particulates
or byproducts in flue gas. It is to be appreciated that the
present invention may take on various alternative
orientations. It is therefore to be understood that numerous
modifications may be made, and are encouraged to be made, to

the illustrative and disclosed embodiments and that other
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Afterwards, the flue gas exits the wet scrubber 2

through the flue gas exit. Although the invention
wheoosiomibas been described with 25 reference POI/US2003/031101

particul ar enbodi ments, it is to be understood that

t hese enbodi ments are nerely22llustrative of the
arpangenghes mag appbbwasbdnwiahomhequaﬂﬁﬂnqrﬁﬂﬂmithﬁ spirit

reover, hou h th enbodi nents an ) rein

an GO Relh GOGCP RS in LAIRRERGH 5 Cird LN g orAbpended
c18t@aning of 30 gas em ssions fron1conbust|on and fluid

catal ytic cracking operations, typically located

Ingpsbriglichopheeabibhty the apparatus and nethod of
t he ppl.i [
wnoF B nBFE e tiadedl T B, AL L BERh PR The oas
cloypingduth8ustri/lue gas. It is to be appreciated that
the 35 present invention may take on various
alternative orientations. It is therefore to be
understood that nunerous nodifications nmay be nade,
and are encouraged to be nade, to the illustrative
and di scl osed enbodi nents and that other WO
2005/ 014134 PCT/ US2003/031101 22 5 arrangenents nay
be devised without departing fromthe spirit and
scope of the present invention as defined by the
appended clains. Industrial Applicability The present
i nvention has applicability in the flue gas 10
cl eani ng industry. WO 2005/014134 PCT/ US2003/ 031101
23 5 CLAIMS: 1. An apparatus for controlling NOx
eni ssions conprising: a chamber having a wall surface
and an interior; a flue gas entrance and a flue gas
exit for a flue gas 10 to enter and exit said
interior of said chanber; a gas quenching zone in
whi ch the tenperature of the gas can be | owered;
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an ozone injection and retention zone in said chanber;

and 15 a liquid spray zone including at | east one
waproagpiqierzl e for spraying a liquid towards tpPer/vston3/031101

surface. 2. An apparatus according to claim1, further

i ncl udi ng: an ozone supply; 230 an ozone injection
cLamrzl e to inject a predeterm ned anount of ozone into

sai_d ozone injection and _ retenti

suppl y i said®RIGHF spraf zoré™ T gég'queﬁg%lngemiSSions

coﬂﬁﬁ{gf%€§upply, and 25 at |east one gas quenching
nozzle.” 3. An apparatus according to cIa|n12 wher ei n

saiad cHamps Wla’gg zoralils Sugdaasd adisbved sidl e X e

i njectjon and ention_zone, -an d fJ;ye
ent %% i gaBeF8 r§§F8 alﬁgu d g%?aéggongh% 69%§ fpiiue gas
to %Qﬁaa&ataufd asgal daNd tinteddion 2f wherkidhasdied:; | | qU| d

spray zone of said apparatus |s |ocated bel ow said
ozéhéﬁﬁuQ%ﬁWQﬂ#%ﬁuF?%ﬁe%ﬁl%%l%%nEheaﬁ@mgﬁFatFFﬁeoéaghe gas

EQ%IQQQ sai d gas quenching zone are above said
caql qui spray zone. 35 5. An apparatus according to

cl &irm @zomberejrecsdiod dridjuretenhbensa@sng cidgl cpahyl chamber;
mpagnesi um or sodi um reagent. WO 2005/ 014134
a'ndPC’I'/US2003/031101 24 5 6. An apparatus according to

cl 3 m Zyuidiesgikaysabde Qﬂ@&b@hwg|§ﬁ5Iéi&ﬂgbherapgaygnozzle
from50-120 feet, and a dianeter ranging from 1-50

forf emrayAnom dpiaria (RS dinfy Hod oI SHTHLE wher ei n
said at , leasf, %ié%gkﬁ Snogéggragggrlggs gﬁégmrnywa further

spray nézzl es. apparat us according to claim
ind,udtrerei n an ozone to NOx ratio ranges from 0. 5-3.5.

9. An apparatus according to claim2, wherein said

ozone |nJect|%ﬂ1%ﬁﬂP?%ﬁQ§h%%ﬁlzone has a | ength that

I's an ozone injection nozzle to inject a
predetermined amount of ozone into said ozone injection and
retention zone;

a liquid supply in said liquid spray zone;
a gas quenching liquid supply; and

at least one gas quenching nozzle.

3. An apparatus according to claim 2, wherein said
liquid spray zone is located above said ozone injection and
retention zone, and said flue gas entrance 1s below said
liquid spray zone.

4. An apparatus according to claim 2, wherein said
liquid spray zone of said apparatus is located below said
ozone injection and retention =zone, and said flue gas
entrance and said gas quenching zone are above said liquid
spray zone.

5. An apparatus according to claim 2, wherein said

liquid comprises a calcium, magnesium, or sodium reagent.
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sufficient to permt a flue gas traveling through said
ozone 15 injection and retention zone a residence tine

wo angiong34rom 0.5-10 seconds. 10. An appar at UBCT/US2003/031101
according to claim9, wherein said length is
sufficient to permt said fl2#& gas to have a
resbdencant i ayppafatabmutacdor diegonts iolasian d 29zonberein said
i njection__ 20 an retentlon zone.

SDBEEGEHP ngiE6. f i1 8H mharids T ST aPated nageh, and 2

dihih8ykd EQn%@ﬁ ratbf fapgi Rgetrom 5-80 gallons per
1000 fee t ? gas flow. 12. An apparatus according to

cl a|7m 2, Aphepeipragsisd aczerding gus ¢ralel 3, t Wheagin said at
le% §8p§%g£§sgéEi§erégﬁ E?Qgéng OL g}ét%SE?g no§?les.

Psecs us - accordi ng
WheBeln BﬁldppﬁkueugaScebmﬂlhqstNOtleﬁmséﬂonﬂvdﬁéﬁn an ozone
than or equal to 5Q prdy. 30 14. An appar at us
toa@@ﬁré?ﬁéotBaegﬁﬁnﬁﬁommﬁe?eﬁn said apparatus has a

pergent agg of Maﬁ@ém\é@cogrﬁ%tgertghaéﬂ.ﬁm equal;nkPein said
50% 15. An ap paratus according to claim2, wherein

ozeaed injeuitosuppld iretendésna toqgldu@bnﬁrléen@t@ that is

a nd__ 35 .water 39 ution, and.said.lLiquid has,
s BEPLERF A o mend S T £P0ba 0 53081381 s-dtoh B ozone
inPEeEL USROQHD32404nt 2605 Zbhe A0 apRAiRhde achns dird@gtiog from
claim2, wherein said flue gas is quenched to a

0.pehfePaEarasef bel ow 200 F in said gas quenching
zongg 17x,A g of et Qi N9 MO £M$SiONSyherein said

conpr|5|ng ermtting flue gas to enter thé interior
lenfth chanberffidierquenchi pgrifite @a:sdtcflhmjvergatsr}eto have a

t enperatur.e of the flue as; injectin oz ne into
rep HBAFBr Lot 1R oRAEbr 3 And =S 1 b BSFRqarApe 1nection

anfoyvardsttibg wehks of t he chanber to capture reaction

products of the oxidation process. . ,
11. An apparatus according to claim 2, wherein said

apparatus has a liquid to gas ratio ranging from 5-80 gallons
per 1000 feet?® of gas flow.

12. An apparatus according to claim 2, wherein said
flue gas travels through said apparatus at a rate ranging
from 3-26 feet/second.

13. An apparatus according to claim 2, wherein said
flue gas exit has NOx emissions less than or equal to 50
ppmdv.

14. An apparatus according to claim 2, wherein said
apparatus has a percentage of NOx removal greater than or
equal to 50%.

15. An apparatus according to claim 2, wherein said
liquid supply includes a liquid comprising a chemical and

water solution, and said liquid has a pH ranging from 5.5-7.5

pH.
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15 18. The nethod according to claim 17, wherein said
[iquid includes a sodium calcium or magnesi um
wo e@gont134 19. A net hod according to claim 17, mMEUSI003/031101
the injection of ozone into the interior of the
chanber occurs bel ow the spfaying the liquid, and the
ent Léncelof apphuvatgas aczt@:n'ctirtml ow splailmngZ,t hoherein said

I|qU|d 20. A neth acc rdln t.0 cl ai in

1955y 5y R i L SHARIGE R Sreger 200 F in said
galsNjg@ehichEng kbgel.d through 3 or nore spray nozzles.

21. A nethod according to claim17, further conprising

25 ﬁﬁlntélWﬁﬁ@oénoéz@ﬁ@tﬁélﬂﬁﬂgrEPKoeméﬁgﬂﬁQSfﬁ@ﬁ@rlSlng

h e h digg ;t
R e e e
to qaenbaungaﬂmﬂangamntmlh@weanghagtehpmmdididubf the flue

seconds after the step of injecting ozone into 30 the
9%°nteri or of the chanber. 23. A nethod according to

C'ahﬂhéZtlhﬁrbE%EeCQHEB'%h@glnﬁékﬂbktb@gthgechbﬁﬁegasand
to have a résidence tinme of at |east 3 seconds after

i nj epraggngzoneliguodt Hoviamdesr i Whe ovallhe <halber .ciggber to
B A A

d“t8 gas ratro petween gal | ons

per 18100@hkeendthbdgascEd oo nd\O 200%1Q 41347, whereln said
PCT/ US2003/ 031101 26 5 25. A nethod according t
llapaﬂnﬂm¢luﬂaﬁtﬁeﬁOQéﬁﬁvu§?%5lu§v|eﬁnwagﬂﬁaéu@a§eﬁaent

traygl tRroughHe apparaiysy ated re&slmfrqugi%héfgin the

per “second. 26. A nethod according to claim
ingkekeébn NOX oeanssiiori® atlke| éssetrham 40F pphev.chEq@z occurs

A met hod according.to.clai.m 19, r.t her co rls g
be et ARG e L S0 AJE R o ROL Ao VA b 2 flue gas
isObeabRr spkhgAner taguak gh9d>0% 28. A method accor dl ng

to claim17, further conprising quenching said flue

gas2fe aht efsdl@cur @@tostieerta20cigm 17, wherein the
spraying of a liquid includes the step of injecting a liquid

through 3 or more spray nozzles.

21. A method according to claim 17, further comprising
maintaining an ozone to NOx ratio ranging from 0.5-3.5 in
said chamber.

22. A method according to claim 17, further comprising
allowing said flue gas to maintain a retention time ranging
from 0.5-10 seconds after the step of injecting ozone into
the interior of the chamber. '

23. A method according to claim 17, further comprising
permitting the flue gas to have a residence time of at least
3 seconds after injecting ozone into the interior of the
chamber.

24. A method according to claim 17, further comprising
maintaining a liquid to gas ratio between 5-80 gallons per

1000 feet® of gas flow.
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15 F. 29. A nethod according to claim17, wherein the
guenching of the flue gas occurs at the entrance into

wo b@s/oi41seri or of the chanber, and includes spPeyUsZY03/031101
liquid through the gas as it enters the chanber. 20
30. A nethod of controlling Rex emni ssions conprising
t he2st.epd ofethout racimidina touelgam ilto ntiemeromprising

uenchl flue ga .0 ozone j.nto_an_ o0z
213853861 - snc7 o1 Bt FORT 35 FoMEa, e FRPBFAGNSoPt @ rate
frbﬁe3GQ@nE@ét @@&agéegna liquid into the chanber; and
nalnta|n|ng substantially droplet-free charber

i nt 86i-or A n MEHEF ciafISrBING hetdzoRa LT edt/iron WiRFein NOx

;0 z 1 od according to claim
em%%%gmhergfﬁ gg? %gﬁﬁegpﬁﬁgﬁggone into the interior of
the26hanﬁemeﬂhndwﬁ¢noxﬂlngotspc&yumgl@IlﬁnntheBZCOmprising
nmet hod ,accordi n i m_30, mhereln ]y yig t he
maﬁpaaﬁaleam i B8 C%F%?? né’ft Hef | M gaBr Tpr@reater
thgg g@r@ﬁuggz%begooss A met hod according to claim 30,
further "‘conprising maintaining an ozone to NOx ratio
rangBng ﬁrmmﬂhQ§4§Q?QﬁﬁlQEutpchéﬁb@r17WDﬁEKEhQHAqgmprlSlng

quegr419§ 09%’ 33_5% %7s i o t%dmtﬁ%x%cco% 8.4 120°-180°
f-Ur € omnn sal ue gas
F.to na|ntain a retentlon tlne of 0. 5- 10 seconds after

t he step of injecting ozone into the |nter|or of the
chakBer . 235 MeANRE: hGFRIBMA ngteo EFaith 38,/ f urtiifgrein  the

queRPFRE bl Nk %er%ﬂﬂétégg thedde; 9as 0 dVeafce into the

resi dence tinme of | east 5 seconds after injecting
1n©zomerlnﬁotbheqhmmaanN'aﬂdtﬂnaluﬂﬁﬂﬂﬂﬂrayﬂng/iimuh@dthrough
£n8C§950La9; Lo ghal i 3R, LHLLDEL comprising

30. A method of controlling NOx emissions comprising
the steps of:

introducing a flue gas into a chamber;

quenching flue gas;

injecting ozone 1into an ozone injection and retention
zone in the interior of the chamber;

spraying a liquid into the chamber; and

maintaining a substantially droplet-free chamber
interior in the vicinity of the ozone injection and retention
zone.

31. A method according to claim 30, wherein said
injecting ozone into the interior of the chamber occurs prior
to spraying a liquid.

32. A method according to claim 30, wherein spraying
the liquid comprises spraying the liquid through 3 or more
spray nozzles.

33. A method according to claim 30, further comprising

maintaining an ozone to NOx ratio ranging from 0.5-3.5 in

sald chamber.
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maintaining a liquid to gas ratio between 5-80 gall ons
per 15 1000 fee t3 of gas flow. 37. A nethod
wa@ewsndiisg to claim30, further conprising al POMMIED03/031101
flue gas to travel through the apparatus at a rate of
from 3-26 feet/second. 38. Ahethod according to claim
30, 3dherRi meN®od 2k @mdisioonse ackairs80er fagqudlent cc&Qrising

ndv. 39. A _nethod accordi,ng t.o claim3Q,. further
<1 EBiipRo s b e G G Aoparedt Fud BT RS Plhl0- 510
segbgaten riRan e 088! o0 30%ctdlg AosBidodnascaind Nhterior
to claim 30, further conprising 5 quenching said

offthe ghsmbera tenperature of between 140-160 F. 41. A
PorBeer RO BB SRS Ko 2100k S AN AR Aiorising

for “2ont T ol Fing eni $s1"ons” conpri si
peghabfbehghaviend laenajds siy flecee andranideheri arimea ffl et least

gas entrance and a.flue gas exit for a flue gas to
5 eftEndmdadket shideFhiRd | 2B saPEochdber e gy ©f the
ch9g8ehing zone in which the tenperature of the gas

can be | owered; 35 an ozone injection and retention

zong6i n Baine tblaneercordimy W 200510149034 further comprising

PCTI/ US2003/031101, .28 5 a liguid spr zoneci pgl udi
ma i P LRLt oo LHYAy noaI o 1 OF LB ARHE A | Palyd S 1 ens pes
10bovweeds® e gaal If1sur.f ace. 42. A conbustion system

according to claim4l, wherein said apparatus further

i ncBldes? ERtoLEnECSRARI 1P afl83Bne Ui njfdbiiGT comprising
al@g%éhg 1 i) 8 PLedetermnedanmint ,05,02008 BRI Q rate
sal zone inmectron and retention zone; a liquid
ofsfipphy3+fhcsAedt)/squbddspray zone a gas quenching
i qui ly;
qg8q Sxppm%%h%%d according to «c¢laim 30, wherein NOx
emissions are less or equal to 50 ppmdv.
39. A method according to claim 30, further comprising
maintaining a percentage of of NOx removal greater than or

equal to 50%.

40. A method according to claim 30, further comprising
quenching said flue gas to a temperature of between 140°-160°
F.

41. A combustion system comprising:

a boiler;

an apparatus for controlling NOx emissions comprising:

a chamber having a wall surface and an interior;

a flue gas entrance and a flue gas exit for a flue gas
to enter and exit said interior of said chamber;

a gas quenching zone in which the temperature of the gas
can be lowered;

an ozone injection and retention zone in said chamber;

and
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15 at | east one gas quenching nozzle. 43. An apparatus

according to claim42, wherein said |iquid spray zone
w0 so0socase£d above said ozone injection and rePE@nUSIN3/031101
zone, and said flue gas entrance is below said liquid

spray zone. 20 44. An appar &8s according to claim42,
whea el hgsad dsplkaguizdneprimclachiiapfatsal e sppanat §priay nozzle

| ocat ed, bel ow sai d. ozone,inj.ecti and retention
£O% GHREAGHRE i HEAH 1 o Tt 1 hn IR bh o o 3 Gas

quepghi ng gensuat eoRbavetsal hddddithg Sfy aylZome4125 wherein
45. An apparatus according to claim4l, wherein said

sald qribeRedwps | Sestkek alr¢tdesagnesi um or sodium

reagent. 46. cording to claim4l,
wherein said égp%g%g% %ﬁtﬁ%%?’a hei ght ranging from
50- 120 feet tahl, oxondi anthéecthogi ngndzadm 1- 50 fekhject a
an ozone injection and 30 reten%ion zone havi n
pE

a .
pregogerited PEOBDES 9G eMORD Ri 533 f%%“%agnjectlon and
retdAVeLl ngogbrough said ozone injection and retention

zone a residence tine ranging fromO0.5-10 seconds, and

wherein sai d atligasd swepkpriy foird| BldpldasRIray iere

spray _zone ¢ rises 3. or nore spr nozzl es. 35 47.

An 3pPaT ats” Orén}g%? dfjh%ujt% %T%ﬁ’%ﬂfr?gmher ein said

length is sufftcienst tondegas tqsamchitgengasliéo have a

resi dence tinme of about 3-7 seconds in said,ozonge , \q
i nj3ti OMN ARPATELET | BFCYBHENT WE20052 84 L34 wWherein sai

li%ﬁ%%h?§%9§/9§%é91isZgoéaﬁéd AR RRPA AL HSo 26£8T dhAGck@on and

wherein an ozone to NOx ratio ranges from .
refelt Bok. #AMhe,Anangpasatdis fdceor dang @k waraien 48, below said
. Wherein said apparatus has a liquid to gas ratio
Ligahdi MYTEY of?BE80 gal l ons per 1000 feet3 of gas flow,
andg gai dahi Gy rSURR| Yatdstades aolOclagui dxonpheseng said
a chem cal and water solution and having a pH ranging

lifubeh Br5ay, 5z2phe 50, ARlApFRPRNES Ui cbP dilRpatedl Bfhpw  said
ozé&?afgh?%%%?ﬁag?ggﬁ:5?§2EhegohhrQng,Sabgdap@@fﬁLﬁffﬂe gas
entrance and said gas quenching zone are above said liquid
spray zone.

45. BAn apparatus according to claim 41, wherein said
liquid comprises a calcium, magnesium, or sodium reagent.

46. BAn apparatus according to claim 41, wherein said
apparatus has a height ranging from 50-120 feet tall, a
diameter ranging from 1-50 feet, an ozone injection and
retention zone having a length that is sufficient to permit a
flue gas traveling through said ozone injection and retention
zone a residence time ranging from 0.5-10 seconds, and
wherein said at least one spray nozzle in said liquid spray
zone comprises 3 or more spray nozzles.

47. BAn apparatus according to claim 46, wherein said
length is sufficient to permit said flue gas to have a

residence time of about 3-7 seconds in said ozone injection

and retention zone.
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feet/second, and said flue gas exit has NOx em ssions

| ess 15 than or equal to 50 ppndv, and sai d apparatus
whamsalsiper cent age of NOx renpval greater thanPOr/uspoab31101

to 60% 51. An apparatus according to claim42,

wherein said flue gas is qughiched to a tenperature

bel ogv. 20AnF aposedths gascapehiaty ngozopeaid0 82, Awherein an

conmbustion system according to cl gi gn 41, further
ozegﬁppps$g§ rakigckanges from 0.5-3.5.

49. An apparatus according to claim 42, wherein said
apparatus has a liquid to gas ratio ranging from 5-80 gallons
per 1000 feet® of gas flow, and said liquid supply includes a
liquid comprising a chemical and water solution and having a
pH ranging from 5.5-7.5 pH.

50. An apparatus according to claim 41, said flue gas
traveling through said apparatus at a rate ranging from 3-26
feet/second, and said flue gas exit has NOx emissions less
than or equal to 50 ppmdv, and said apparatus has a
percentage of NOx removal greater than or equal to 60%.

51. An apparatus according to claim 42, wherein said
flue gas is quenched to a temperature below 200° F in said
gas quenching zone.

52. A combustion system according to claim 41, further

comprising a stack.



