VET GAS SCRUBBI NG PROCESS FI ELD OF THE | NVENTI ON
[ 0001] The present invention relates to the renoval of
w@asosioeub@at es and aci di c gases fromthe effl ueP€T/AUBTNT/B17407
fluid catalytic cracking process regenerator. The
effluent is treated with an effective anount of both a
caustic solution as well as ammoni a. BACKGROUND CF THE
I NVENTI ON [ 0002] The gaseous m xture produced in the
regenerator of fluid catalytic cracking (FCC) process
systens contains solid particul ates, including
catal yst fines, clLdi ul fur
oxides. It is d%&?ﬁgﬁ?%g#gzgg&§$“§ﬁ§&5gigﬁfof bot h
solid particul ates and acidic gases fromsuch a
gaseous m xture before it is introduced into the

FEELDORTHE INVEINTION ni ni ni ze the rel ease of
pol | ut ant s to the atnosphere. Gover nment regul ati ons

hat th .concent r sulf I, G 0xi. 104
18 e FOBEETLFeIbteS o B Pyl of PREhEGpldsipe
atiie gagésq&&ﬁrthé REflhé fréfa @ﬂaitséa&amictcrh@kmgqirbéassf or
clean unit status. [0003]" is known that solid

regeneratat. afhsseffluenb és reatod e'eith aneffgstive amounsof deth a caustic
scr.ubbi n t hods includi ng scrubbing gases in venturi
s?;l&'l"l%tf'ér‘g ﬁﬁs\ﬁmr{:‘ﬂ e scrubbing liquid, and
particul at e- cont ai ni ng gases are m xed under pressure.
The gases or vapors are passed wWith the scrubbing

. DRINDYOFaTHENNYENTHONMassage of the scrubber
V\herel nintimte mxi ng of scrubbing |liquid and gas
occurs. Generally, the effluent of the scrubber (which
[0602]Pe " O £4seBBS hiXAite Prodededuntthe @gdrtra®r o Fifd chtalytic
parallel) is passed to a separator in which the
crasking(FGEC @wwa |smsmmsgamlas eqhd ipamticulates) inghuding gatalyst

wn t hat aC|

fnbmand i ic e b 5 I aeifhble' @ SR pd fovel

oPdbitifsslid Eﬁi‘tﬂilﬂat@ﬁ’ Aha Ebféﬁé‘ gﬁsésrﬁ‘émrﬂiﬁéhbﬁgﬁeﬁﬁg Adixtite before
the gas t I's subjected to the wet scrubbing
itris dntroduced into the atmosphere in order to minimize the release of

pollutants to the atmosphere. Government regulations require that the
concentration of sulfur dioxide from a FCC process unit be 25 ppmv (dry basis
at 0% O,) or less in order for the FCC process unit to qualify for clean unit

status.

[0003] It is known that solid particulates can be removed from gases by wet
gas scrubbingA methods including scrubbing gases in venturi scrubbers in which
the scrhbbing liquid, and particulate-containing gases are mixed under
pressure. The gases or vapors are passed with the scrubbing liquid through a
constricted passage of the scrubber wherein intimate mixing of scrubbing liquid
and gas occurs. Generally, the effluent of the scrubber (which may be one or
more venturi structures in series or in parallel) is passed to a separator in which
the contaminated liquid is separated from the cleaned gas. It is also known that

acidic or basic materials may be added to the scrubbing liquid to neutralize or



[0004] In order to renove an acidic gas, such as SQO2,
froma gaseous effluent stream wet gas scrubbing wll
WO yBoailfey use a basic material, preferably a PeU®Es1007/017407
The caustic reacts with the SO2 and renoves it from
the effluent stream A significant amount of work has
been done over the years to i-mpprove wet gas scrubbi ng
technol ogy. For exanple, U S. Patent Nos. 3,970, 740
and 4, 600,567 teach a wet gas scrubbing process for
abdorb basivvar ackdiccnmtamatants thas maydbeprasent gothegasthat is
t.he F regener at or .gaseous effluent by scrubbing with
supje tﬁgggﬁggﬁvzfgisﬁn‘g%’l’& ?"gﬁt.mel'ﬁe basic solution is
mai ntained within a critical pH range of about 6 to 7
[0004) | ein fdeitereRIVeldn adi@icyid] BEcIB¥S$6T) frbhita pasddus
material is selected from al kal1 hydroxi de, ammoni a or

eHlnenh supamwetgasderublpiogoyill typicably use a lasic enatgga preferably

a SFP TR PURR EhR i hESR% PR s I bl T ftugn

s@E€drHD N Binifdgt Wnhdurit b ANGEOhE BeBidine oW theyeaisudimprove
hydr oxi de solution. It is also nentioned that

a
wehgas berubbinghteghnelogyu fiasrexamplesUiin RarentdNpsie3,9¢@,740 and

used. This '807 .patent also.,require
4 ZORS G EreER B b R M iRB B ko 1B s bS] o Latalyst fines
aRd a6IdRS pades! fréi te IFC O roghifcfadiigasiou’ efautat By sémbbiwith
be used in the production of fertilizer. [0006] Wile,
ap agieens hasic gelationr UBIE basip solutionds maintained ma critical pH

vari degr.ees. of .techni cal .and ¢ [Ci u .
ravite 3 Ehol B P in i F R PO R sy St THE B
nEd&ridlGs YbRchd ROALAKARhydoide Caidindiie B8 GhaAbhiim hydroxide.

achieving lower |evels of acidic gases. SUWARY OF THE

| NVENTI ON [OO&% In an enbodi nent, there is_provided g
[0 ess U-8 Patemb N, 519.B07 teaches aB apparagis for removing SO,

ﬁ@&?{g h}llil‘é gﬁtsﬁ%afr{s%&e%ﬁfeoﬁ% ggé %ﬁl@ i§ ggﬁﬁicfgdqig 28 Hibbing
1 C 0Ccess conpri ses: a ontacti ng € gaseous
z6hd Withndn wgidousranmaiondun creimimdnign d8idudxide solutjon. skds also

of an effective anmount of a caustic, .an eff ect(’i ve
mansiened ghatjg gaysgic, such as sodium or potassium hydroxide, can also be
used. This ‘807 patent also requires an additional step which is the oxidation
of the absorption liquid to produce ammonium sulfate that can be used in the

production of fertilizer.

[0006] While various wet gas scrubbing processes have met with various
degrees of technical and commercial success, there still remains a need in the
art for improved wet gas scrubbing processes capable of economically

achieving lower levels of acidic gases.



amoni a, or both, said scrubbing solution being at a

pH of about 6 to about 8 which contacting is perforned
w0 p008/0sT1smbbi ng zone under hi gh vel ocity m xi NBCT/US2007/017407

conditions thereby resulting in an adm xture of a

i quid phase containing solids and di ssol ved sul fur

di oxi de, and gaseous effluent;3b) passing the

resulting adm xture to a separation zone wherein the

l'iquid phase containing the solids is separated from

t he gaseous effluent which is substantially solids
LIMMARY 0K, THE INVENTEAN al | y reduced | evel of
sulfur di oxi de; c) m xing an effective anount of vapor

gas ousmq%ﬁ e%al%é&%gﬁﬁ?éjngsérﬁgge?n% ¥ a‘fﬁ%lsg; fl&"q‘r ?;'?‘5’ ing sulfur

dioxié¢ andfsoldIparticularsifttan adgaspaas efmfaﬁlcdnmmhigrsan&f which
step c) above upward and countercurrent to downfl ow ng
PIRACSY CORWMIESEY: r enpvi ng substantially all of any
remaining sul fur dioxide of said gaseous effluent; and
e) enit el | :
ot moapraTRCth i Rl DRE S o S scrBbBink Biution
cemipsisad tof ainl effdative amtounttdf penisticyhm effectivel amduint of liquid
di oxi.de. J0Q08 n referred enbodi ne
ammog; A @L B shidsoayBRE solianPang at A r*%a\fegem Gttg about 8
wHade r
1P EoRAEAARTs PhITbHACY ITALCAMIAE RUEL SRUEYNEM VAGHE, mixing
cpmkﬁage tiérebyiresuling im an [adeti8ture rofankiqiidrphase tentaining solids
odi por.i zed a nia is gdded to the gaseous
and lisse edﬁﬂégr rf{;mdsm 8§§e°§'§§g§§“€%t acting to the
second stage contacting and flows upward through
dOani sﬁﬁxg"ﬁ‘k%sdlﬁng%ldﬂu&ﬁfr@ R aCRphAftidn bR @B@rem the

[0010] I n still another preferred eirbodi nent the
llngsijp aseccantainingithgsodids ds e¢pdrated: from thetpaseeus efiflgst which

ol sk et e utuRe oo beioly Bebght ovel ofsuur

dioxide;

c) mixing an effective amount of vapor phase ammonia with said
substantially solids free gaseous effluent containing substantially reduced

levels of sulfur dioxide;

d) passing said mixture of step c¢) above upward and countercurrent to
downflowing water thereby removing substantially all of any remaining sulfur

dioxide of said gaseous effluent; and

e) emitting said resulting gaseous effluent into the atmosphere, which
resulting gaseous effluent is substantially free of both particulates and sulfur

dioxide.

[0008] In a preferred embodiment the scrubbing zone is a venturi wherein
the particulate laden gaseous effluent and a high velocity stream of the

scrubbing mixture is passed through a constricted passage of said venturi.



BRI EF DESCRI PTION OF THE FI GURE [0011] The sole figure
hereof is a diagranmatic flow plan of a preferred
weedpsszTent of the present invention. DETAI LEDPCT/US2007/017407
DESCRI PTI ON OF THE | NVENTI ON [ 0012] The process of the
present invention is suitable for renoving solid
particul ates and acidic gasesg.particularly SO2, from
gaseous effluent streans fromrefinery process units,
especially relatively | ow pressure gaseous effl uent
[0808F ansIn dethpr prefemred fentboelimentwapanizadsamandriia is added to the
sui table for renovjng solid particuylates and acidic
ga5aeus chifusnt gagggg(f[grgéfrﬂ Fage ceptacting pe dariserPndstesk
cGRERNR i floRls SfAgiGieh dOARHODANBIAER Y second
camadting stagexanpl e, Hydrocarbon Processi ng, Septenber
1972, pp. 131-138). During the cracking reaction,

onageq maj.erial . deposits,.on e catalvst.
1ORAPY T C1 BESUER aRp e a8 b ouifient B ERYRIE kepteg gapeous
effhRnERirRh¥ated iabolvi RtsCdev )Soﬁﬁ&iﬁﬁﬁrtafd%i:w%iﬁgriﬁt& fiid Ng a
streamof the partially deactivated catalyst particles
atinosphetecfrom sdigseeondgontacting staget o a regenerati on
zone where the carbonaceous deposit is burned fromthe

Bﬁéﬁ'd}éﬁ&_}ﬁ? bﬁb%’%ﬁgipf@%ygﬁé gg erfh_e}hgresence of

regeneration may be conducted in full burn node, where
[001}t anThelsble figlredierebfisGOdiagraromatict fiewtpdaiCOf 2 preferred

rtial b node where a significant anmount of CO
e'ﬁ@ﬂéﬁ"?@tiﬁtﬁﬁgrw&‘fﬁnt@t"ream For partial burn
operation it isdesired to |lower the CO content. It is
the conventional practice to pass the CGCcontai ni ng
DETAIED BESERIPTION OFnHHT INNENFKONsuch as a CO

boil er, or furnace, and thereby convert at |east a
portion of the COto CO2. In many known processes, the

[00ARf! VT The PROSAS G the Présent HEHADAGs ShitAlledbl Y&hyving¥olid
pressures, for exanple, bel ow about 30 pounds per
paticalates anghacjdigygagessparticultirly SOr) frompgaseous efiddentisereams

asequs effluent of such.a |o ressure regenerator
fefm} FeTieaY Bresess andts, Specially relatRiely T presyiiy ascous effluent
sFETN MR foceld o inSeRtién &%drficularly suitable for removing solid

particulates and acidic gases from a gaseous effluent stream produced in the

regenerator of a catalytic cracking process unit. Fluid catalytic cracking
processes are well known (see, for example, Hydrocarbon Processing,
September 1972, pp. 131-138). During the cracking reaction, carbonaceous
material deposits on the catalyst particles and thereby lowers their catalytic
activity. The catalyst is typically regenerated by circulating a stream of the
partially deactivated catalyst particles from the catalytic reaction zone to a
regeneration zone where the carbonaceous deposit is burned from the catalytic
particles by combustion in the presence of an oxygen-containing gas, such as
air. The regeneration may be conducted in full burn mode, where substantially
all of the CO is converted to CO, or in partial burn mode where a significant

amount of CO remains in the effluent stream. For partial burn operation it is



a conbustion vessel, such as a CO boiler or furnace,

the gases exiting fromthe conbustion vessel will also
wbeooan2Hasé ow pressure, typically, in the rangePOf/Us»oU017407

-0.1to 1.0 psig. [0013] Typical conpositions of the

regenerator effluent gas and regenerator gas that is

subsequently burned in a CO hgler are as foll ows:

Conposition of Regenerator Gas Emanating froma CO

Boiler Nitrogen 65 to 75 nol % Oxygen <0.5 to 5 nol %
desirdibto Iovweeritie CID contehd. ois the Yaheentiamd prddicedomssitie CO-

SR R SE BB, SRt o 2
fiznaBeaind &EFEU&/ ddifler( §tqast98|5@‘i’ﬁntdﬂﬁe @0'?6@(926 rlﬂtrﬁiny

Gaseous Effluént N trogen 6 70 mol % Oxygen <O
known%rooessesythe %ataiybo regdinexatitn B ¢andOtedodt r%aﬁanebotow

Monoxi d Ot | % \Wat V 10 to 30
PEEIRSS, for cRogiN, BRI MAARPLS SO IUTIdS e SABRTIBER Gabge Lotie)-

S L Pt 5 st

wili¢hedefore, alsdbe lowyEntthemmore, avlzm aapq:gelneedtbeoffegas i biukned in

bur oeratlo A _gase effl ue i srepoved frqQm a
acombpsHgnesss swh%w baysner g‘f’&?"&’ tﬁo gaﬁqsrf’é‘%géﬁan the

cbRibuSAY e/gs%é“vﬂlladlgpbp ol Ll%wzpr\é@ﬁfrg %&éﬁl&%ﬂgﬁﬁﬁrgﬁagg of

convert at ast a portion of
absumndék 1 ned dspsigy vvhen t he inst ant |nvent| on is
practi ced

[0013] Typical compositions of the regenerator effluent gas and regenerator

gas that is subsequently burned in a CO boiler are as follows:

Composition of Regenerator Gas Emanating from a CO Boiler

Nitrogen 65 to 75 mol %
Oxygen <0.5 to 5 mol %
Carbon Dioxide 10 to 15 mol %
Water Vapor 10 to 25 mol %
Sulfur Oxides 20 to 1800 vppm

Nitrogen Oxides 50 to 500 vppm
Solid Particulates  0.02 to 1.0 grains/ standard cubic feet (SCF)

Composition of Regenerator Gaseous Effluent

Nitrogen 60 to 70 mol %
Oxygen <0.5 mol % to S mol %
Carbon Dioxide 6 to 20 mol %
~Carbon Monoxide 0 to 10 mol %

Water Vapor 10 to 30 mol %

Sulfur Oxides 20 to 1800 vppm
Nitrogen Oxides 0 to 500 vppm

Solid Particulates  0.04 to 1.2 grains/ SCF

[0014] While the FIGURE hereof is for a partial burn operation, this

invention is also applicable to a full burn operation. A gaseous effluent is



in a full bum node because substantially all of the CO

wi || have been converted to CO. In such a node,
whewansase he gaseous effluent fromthe regenere€DUSH0T/017407

contain little, if any, COthe effluent streamis sent

directly to the scrubber 3. Scrubber 3 can be any

sui tabl e type of wet gas scrulgi ng device suitable for

such use. The scrubbers used in the practice of the

present invention can be with both co-current and

renavedfrom pdhiid cotalptie cragkiig rgenarador 1 oy tine \lrang i

f Th t
i SfaceinRog (0 BofisE? Wik i is bUsaed of it 2 A o a portion of
n@afaby REO Boildi is rﬂjt'rféchﬁhr)emhcthe wm&:w inveRtioR bsef,racnced
wher el n am&‘% pressure nozzle with a arge scrub lng

in a dull duvo musasebstamtealgasll i ithe: 10 whl havietbeent

Pl Qao 18308 papoficbeshit fhe opse LHAR e e

e%%'h%faﬁélr Wiﬁ%oﬁfﬁ’iﬁ litfe 61?%& édﬁl&ré}ﬂubﬂt $thefin 34 §exﬁ|c§féctly to
renmoved through inpaction"wth the droplets.

thecsarbbleers3.c Scrubben3 camy be any sugablestype of nwretegs:escrubbmg
r enoval ficiencies. ther type of venturi scrubber
dp¥ike $Bispblsclof SHER RE TRESErBbety Bradkinghe Rimbtiod SEthERiReent
itioRaan Be GHRBUh (c@-AftéR | AdBJutérefireRBcoftatfifg of gas and
so-call ed high energy venturi scrubber. Energy is

llgumol Veutugi typesssmmbgeers argpreferred.afberaarertwo giajor types of gas
FECH as stream ust t.o abom ze a liquid,scrubbi

dsed i petiplevrn deiinerics, COPR 1gae i whed g sk gprtor venturi

s%@b@%%@%lh%}ﬂgh%e%@BG%ei’ﬁ% hQRrecEFuBBING 18f3d volume
low in a separator drives the partlcul ate | aden

a$plt91csithmgashférmgls theeuviti At thie throasdbrsakip @f ¢h¢ liquid deiplets
i 1S RS etk DR 5 Bl SE PAESReS down

tOBBSutPY Bfi€foncia di2¢ atdWsd kbl E® tirbul A §mpatiéRtwith the droplets.
i nvention. [0015] The effluent stream efmanating from

Suhb sQ@bberd ean be hirabgedin ssrmsdgsucmafsct cemabaletiicierpies.

A TpEiod Vanfoeh SerdopBr faf 5 bE P TS Botitics gk present

1M%n]am(a{: is QIrRiRINAL pétxfdlélfﬁ‘x%ﬁ%rl@@%ets% &R high
6000F. The gaseous effluent fromt

energy venturi scrubber. Energy is supplied by a source of particulate laden
high velocity gas stream used to atomize a liquid scrubbing stream as the two
meet at the throat of the venturi and expand into the enlarged section. Cyclonic
gas flow in a separator drives the particulate laden liquid to the outside wall of
an adjoining cylindrical vessel where the liquid is collected and returned in a
sump. The liquid jet ejector venturi scrubber is the more preferred for the

practice of the present invention.

[0015] The effluent stream emanating from the CO boiler will be ata
pressure from about -0.05 psig to about 1 psig, preferably from about 0.1 to
about 1 psig and at a temperature from about 200°F to about 1,000°F,
prgferably from about 200°F to about 600°F. The gaseous effluent from the

CO boiler is typically comprised of carbon dioxide, oxygen, sulfur dioxide,



CO boiler is typically conprised of carbon dioxide,
oxygen, sul fur dioxide,sulfur trioxide, nitrogen,
wWoReB0YAR oxi des, condensabl e materials, and sPCT/AS2007/017407
particul ates, which are nostly fines of the cracking
catal yst utilized during the fluid catal ytic cracking
process. Typical catalysts utifld zed for FCC include
siliceous materials, such as, silica; anorphous or
crystalline (zeolites) silicaalum na; silica-zirconia;
sufuri tcismidﬂg né’sbgm,enitrpg& oxidﬂsomndcnsabwcnateria%, ahdtsodid

oIt o et S A G 345k il s i iing e
ﬂﬁRﬁééthI rEraclaBF, ﬁéce@s fca%&dawg uﬁﬁz&l P&' FOCRERIde

vapor) "t hat wou ondenSe out of” the gaseous effluent
silisceusswiatetials, sachas| sidigadamonphouspurary stalingofzéolitesh silica-

BB 150 52 Rt
cé’fﬁiﬁf bﬁltﬁ)lessh'ﬁdﬁe%?asew EffRnb atd SndcdUhe AR 0N iRSi2ee! |

organic materials of hydrocarbonaceous nature. The
Cgademablmmale rareany uenstlmsnnseaftthe gasemlslefﬂaemz(muldmg

n b | | t t d
wadtvape] at wawd cBREftseutias dud BsiasE IeR S 84 or as a
liphiR SR RPetin Oé/%ﬁdltx%ﬂ& %f@érhﬂ&ah'ﬁ% Rl dregftire SNGR Mniting

prior to |ntro uci n i nto scrubber will prevent

exdmplea d rsuzhtcoudemfabdmmatmalb limelyde inarganic mptemials, such as,

sl Sabsind B2l s REN G, SR GOI B hapraskirapaseous

ntard. "THOFMKERHs \C @ bIRE efffudiliOr&fib VP ola Ifhe 12 bHaWandeY
I nternmediate conpressi on between the CO boiler and the

optéonally sprayed vdth waterdnirodused viadine t4 tesaturatgthe gasgous

GRAES Kiaf s T Ayt Wafe 3ol e o mluipy sBedfinrior t
intFIdHRREY itlifitd §@dbb&ie3 WRIRREV &t tRE VapShLatidn bf R scrubbing

i ntroduced into the scrubber at an effective velocity,
sqlntipn upionycontash wiith athaqt owatergmspawratedegas aadowill alsagerve to

4R BhaRY nne ol BRUET ethue? i ugiuchT yid e I8 b sgrobber
3a$v1tﬁoﬁﬁ£1')§° iitbrmediate defp Eéklsid?fﬁetﬁfeeﬁ ¢he! DD BOI18} ¥hd iR venturi
to 1000 cubic feet of gaseous effluent, preferably at
serubber whefe nm:ﬂkpcanaqa $tmmn of ascaqubbumgcmbhmg mixture
c&r? u%t&i‘ giacli}tlg ‘ik s%rayed into ot glr g.glfng _]e% léjre%tor type venturi
scrubber is used the CO boiler effluent will be introduced into the scrubber at
an effective velocity, preferably from about 20 to 80 feet per second, and more
preferably from about 40 to 50 feet per second. The scrubbing mixture is
introduced into the scrubber at a ratio of 20 to 120 gallons of scrubbing mixture
to 1000 cubic feet of gaseous effluent, preferably at a ratio of 40 to 80 gallons
of scrubbing mixture to 1000 cubic feet of gas. The scrubbing mixture is
introduced into the scrubber at a colder temperature than the temperature of the
incoming gaseous effluent to aid in the desired entrapment of solid particles in
the water. Desirably, the scrubbing mixture injected into the venturi scrubber is

at a temperature from about 5° to 50° F, preferably about 10° F, colder than the

incoming gaseous effluent.



i ntroduced into the scrubber at a col der tenperature
than the tenperature of the incom ng gaseous effl uent
wo eoogioa71sé t he desired entrapnent of solid parPCTUB®0T/017407
the water. Desirably, the scrubbing m xture injected
into the venturi scrubber is at a tenperature from
about 5° to 50° F, preferablygabout 10° F, col der than
the incom ng gaseous effluent.[0016] It is critical
that the scrubbing m xture be naintained at a pHin
[0016] r anldiseritigal thag theseubbilg mixterebe maibtainedsata phdin the

bel 7.5, P ' |, of il | '
rage Qiocs, RIPTapBUITieeR abOpt et blgw 7% PEEdR fantrol of
tHef SR YENt dQBEnillel the l@ﬁ:&géhét of QAfRRBHA Hrﬂ&a&f frblifthe gaseous

system particularly™when it is conducted as a
effluent ané avitipaffext ithe opérabilityrofahe isystemyipartiqulerly when it is

referably maj.ntajned to be. no higher than 7.5 10
oGdeirEes 4 aBURH e ORI o tesBtal P The RE fupreferably
mEhiiaired! toibe A Afhek thd'. SABURMIMISE iR HEd Tb¥Siptidn\GCO,.
Ine 20 to control the pH The basic material nay be,

for exanple, an alkali metal hydroxide, amonia or =
[ Tdni uk basde ovdtedal isradded te the aqueaustistibhing mixtyngevia line

216368l BUGL Ble A AR UG ToP APl AR o
hpdrosthdd, Aghmibiialbreatitridhitiiehy dieRide) n d3srefiifededrhbogimient of
renmoves sul fur oxides fromthe effluent by reaction

the presertdnyentian, mecasstiaisuciype sedum bydrqydde it gsesk 4 thebasic

and.the scrubbi,ng mxture fl.ow throuagh a constrjct
i it Bt OF P pRu B Ty S IR Tufp R seBhS Eettuent
réfhev a1 it OxI@¢ O biny thef efflaeneblyredction With IRé BAsIE material.

effluent/scrubbing m xture is increased. At |east a

The scnubbedigaseeus effuentand thascrubbingsmixturg Bew, threagh a

is, .the m xt f. ffl liquid ,
ol s nPbetin B sate of a verE! s508her. Whcrehy tgyvelocit
of theSRIAKMLR ofZ813€0ds SR¥ALBchdbRhg MiRkturd W ildrédded. AR ¥dast a

may be present at the bottom portion of separator drum
partign0ofitBE toted efdwerd mfdhe semibber,dbabiss theomixture of gaseous

e BB HE bt S BBl o e R el o
séParstdRz6fe 4HboVEFledEIDITMNAidiia thatklay B preSeéitad he/bottom

the reheating is
portion of separator drum 4.

[0018] The non-condensable gaseous portion of the scrubbed effluent flows
upwardly in the separator drum and can be reheated above its dew point prior
to discharge into the atmosphere via stack 24. Desirably, the reheating is
carried out in such a way as to raise the temperature of the gaseous portion by
about 5° to about 75° F., preferably by about 20°F. This may be accomplished
by injecting a suitable hot gas via line 26 into the upflowing stream of cleaned
gaseous effluent. The hot gas may be the effluent of a gas heater S into which is

introduced a fuel gas via line 28 and air via line 30.

[0019] Contaminated liquid scrubbing mixture LSM will form a liquid
phase at the bottom portion (liquid hold-up zone) of separator 4. It will



carried out in such a way as to raise the tenperature

of the gaseous portion by about 5° to about 75° F.,
w@e@BmeABS y by about 200F. This may be acconpl PeTEs200y017407

injecting a suitable hot gas via line 26 into the

upfl ow ng stream of cl eaned gaseous effluent. The hot

gas may be the effluent of a.gas heater 5 into which

is introduced a fuel gas-.via line 28 and air via line

30. [0019] Contaminated liquid scrubbing mxture LSM
typictallyf contaim suspandedsalids (@atalysishand dissplyedisolids) suphi as,

SRS o ST s DAY e, SRR
llitﬁ@b(fi‘ﬁamﬁpﬂitéj BueH lab 31,80,. F0RkER fdrirRSy baTHRBEYER into

fates, as well as, condensable |iquid contam nants,
thediquid hold-8p zoﬂemfeseppranm ¢ viartipe 32. Basicadategial, which in the

ek B R f HEE sffddna mo
@ﬁg HOR RN Gk SchHai i GRintiR the P 8PdicNRubiRe

up zone o e separator to ntain the
m;mktuoé at the dusineddeve]. Anx effectine atrhmntﬂef lanmiohlav preferably
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catitacting aorel ab36 uwafen isthgdabatthe dop lof the costacting zboe adf
location 37 wherein it is distributed as uniformly as possible across the top of
the zone so that it will flow downward throughout the second contacting zone
35. Alternatively, if vaporized ammonia is not used, an aqueous solution of

ammonia and/or caustic is added at location 37.

[0020] At least a portion of the liquid present in separator 4 is withdrawn
via line 34. If desired, at least a portion of this liquid is cooled to a desired
temperature by conventional means, such as, a heat exchanger (not shown in
the drawing), and recycled to the scrubber 3 via line 18 as the scrubbing
mixture. Alternatively, make-up sodium hydroxide can be added via line 29 to
line 18 instead of being introduced into the separator, or in addition to being

introduced directly into the separator drum. Another portion of the liquid from



the zone so that it will flow downward throughout the

second contacting zone 35. Alternatively, if vaporized
w@poms/2Asé s not used, an aqueous sol ution of aPEODOHEA07/017407

and/ or caustic is added at |ocation 37. [0020] At

| east a portion of the liquid present in separator 4

is wthdrawn via line 34. If.gesired, at least a
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38 8-12CLAIMs: 1. A process for renoving sul fur oxides

and solid particulates froma gaseous effl uent

cont ai ni ng sane, which processg]conprises: a)

contacting, in a first contacting zone, the gaseous

effluent with a first aqueous scrubbing solution

co%ri sed of a caustic, an effective anmount of

$a, or both, said scrubbing solution being at a

pH of about 6 to about 8 which contacting is perforned
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effluent and a |iquid phase containing particul ates

aam 24 se9tacing, sk S tains oo Bt Hoadeus ctftpey i a firs

a seABhR IsBfitidhecdiApliséd/bRh Raudtic, RARFTRIRE dnhdihit of
he substantTally solids free gaseous effl uent which

amasomia; edbothdsaidserubdfing sbhutionobeing at a@H of abewt Gite about 8
ffective. amunt of v(ﬂ)or phase a ni a \Af'[eth ai d d
waHigL Fomfartng Js BIIfPTRcy 1ha i £85 S5 URDEr dLfieVatef pressures an
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of step c) above with a second aqueous scrubbing
suhstanitially salidsr foekigaseaus effibéracangla iquisl plidsecontaining a

su] fur-cont ai ni agyeous .sol ution; e) separating at
PP"&%'ratss ﬁ%‘ﬁ??s’@ﬂp ﬁ‘ﬁiﬁ"éﬁ‘l‘ % - cont ai ni ng aqueous

solution fromthe scrubbed gaseous effluent; and f)

em t bj) NehsSitgtthe Qéghhﬁg adafiRaite t6hidepanitioniohetWherein the
atnosphere, wherein the scrubbed gaseous effluent is
liquiskphasei cantainingsthegrartieulates s separatadifronythgi sybstantially

solids free gaseous effluent which has a reduced level of sulfur oxides;

¢) mixing an effective amount of vapor phase ammonia with said

substantially solids free gaseous effluent;

d) contacting, in a second.contacting zone, said mixture of step c) above
with a second aqueous scrubbing solution to produce a scrubbed gaseous

effluent and a sulfur-containing aqueous solution;

€) separating at least a portion of the sulfur-containing aqueous solution

from the scrubbed gaseous effluent; and

f) emitting said scrubbed gaseous effluent into the atmosphere, wherein
the scrubbed gaseous effluent is substantially free of particulates and contains

less the 25 ppmv of sulfur dioxide.

2. The process of claim 1 wherein vaporized ammonia is introduced

upstream of a venturi scrubber.



| ess the 25 ppnv of sulfur dioxide. 2. The process of
claim1l wherein vaporized ammonia is introduced
wapasiegAane of a venturi scrubber.3. The processPOf/USIVYT/017407
precedi ng cl ai mwherein the scrubbed gaseous effl uent
I's heated above its dew point prior to being discharge
into the atnosphere. 4. The pi»cess of any preceding
cl ai m wherei n said gaseous effluent is produced in a
regenerati on zone of a catalytic cracking process. 5.
The Br octbe psocesspianyqudeeding icldim wherein the s¢ybbed gaseous
seous, effluent Ls aseous. m xture produced
iR Honaied BBPye i oy PaRF Ee 19 b A HAEG In D tne
athidsphitd.C cracking process in a conbustion zone. 6
The process of claim5 wherein said conbustion zone is
a CO boiler. 7. The process_of any precedi ng claim
wher 8i n The preeess of anyipreerding claignywyherein gaisk gasgous gEuent
. e = [ ' C
isgrifioed Ip FoadRRRi-0i of ¥ BEBLARC R BioRE .
any precedi ng claimwherein said caustic is sodi um
hydr 6xi d®he proddss afranggarscading clainr whertingaid gaseous effluent
.Wherein step (e) al so, conprises introducing additiona
ISL8ISEOHR € Hrpacschby Sring the, ﬁhimtr?g a§gengration zone of
' ceding claim
a \?\/E{g ?’%ﬁ‘ﬂ%ﬁ&g’&%{b&g fp% ggg §§m§ gllsgé% égfé%u s effluent and
amonia is contacted with said water by passing said
gasebus €heipuecess aiclaimmd whereipsaid combustion zoneis atGO
bd?mnflomﬁng water. 11. The process of any preceding
Wi m wherein the scrubbed gaseous effluent contains
| ess the 15 ppnv of sulfur dioxide. 12. The process of

any precertidgroeesd 6F iiepRicedinpeclaiph WHheeindssié @dseous effluent

is comprised of catalyst fines, one or more sulfur oxide species, carbon dioxide,

nitrogen and water vapor.

8. The process of any preceding claim wherein said caustic is sodium

hydroxide.

9. The process of any preceding claim wherein step (e) also comprises
introducing additional basic material into the sulfur-containing aqueous

solution.

10. The process of any preceding claim wherein the contacting of said
gaseous effluent and ammonia is contacted with said water by passing said

gaseous effluent and ammonia upward countercurrent to downflowing water.

11. The process of any preceding claim wherein the scrubbed gaseous

effluent contains less the 15 ppmv of sulfur dioxide.

12. The process of any preceding claim wherein the scrubbed gaseous

effluent is substantially free of sulfur dioxide.



effluent is substantially free of sul fur dioxide.13.
The process of any preceding clai mwherein at |east a
wo e@sieTase of t he sul fur-contai ni ng aqgueous sol BPECT/U82007/017407
fromthe separation zone is recycled to said first
contacting zone. 14. The process of claim 13 wherein
t he sul fur-containing aqueousisol ution is cool ed prior
to being recycled to said first contacting zone. 15.
The process of any preceding clai mwherein additional
basi d3nalbeipaocess @fwayareeeding slaiouwberrin at deashp draction of

se ation .zone, 16. Th rogess..of an recedi n

ther SHTHE Gt ainin s aas s, paludlom Brgmd the SRR 4o1<, 5 reRy sigd to
sdiftfisfesdcting 2oa@l d separati on zone. 17. The process

of any preceding claimwherein at |east a portion of

sai d sul fur-containi ng agqueous solution is renpved
f r oml#heThe paeeass of claime 13 whergin thesulfugcoatpinmng aguepus
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about 5°F to about 500F cool er than the tenperature of
t he ¢&seThe pebédssftangepregeding alsith wherein laddjticieat dbasicf
any  precedi ng cl ai mwherein said gaseous effluent is

1 aier Arterdyseddpta spid sepriptgn @9Rfact ed i n
said first contacting zone. 20. The process of any

precegi n%é?ﬁbé@s@*&*&&%&é&&n@%ﬁﬂﬁh@f&h \WAditidrfal Aqueous
gaseous m xture produCed by burning of a carbonaceous

s¢rubbing srlutien evmitrasucpdtintyl saidnsepdratior zondhe process
of any precedi ng claimwherein step (a) also conprises

cont gt i t fir C ' Lyt .
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scrubbi ng solution to about 1000 cubic feet of gaseous
apd furgher treated to remove solids therefrom.
18. The process of any preceding claim wherein said aqueous

scrubbing solution is from about 5°F to about 50°F cooler than the temperature

of the gaseous effluent being treated.

19. The process of any preceding claim wherein said gaseous effluent

is saturated with water prior to it being contacted in said first contacting zone.

20. The process of any preceding claim wherein said gaseous effluent
is a gaseous mixture produced by burning of a carbonaceous fuel such as coal

or petroleum coke.

21. The process of any preceding claim wherein step (a) also comprises
contacting the first aqueous scrubbing solution and the gaseous effluent in the
first contacting zone at a ratio of about 20 to 120 gallons of first aqueous

scrubbing solution to about 1000 cubic feet of gaseous effluent.



