-1 - VET GAS SCRUBBI NG PROCESS

FI ELD OF THE | NVENTI ON [ 0001] The present invention
relates to the renoval of particulates and acidi c gases
fromthe effluent from.a fluid catalytic crackin
PYQeWEL2T¥gener ator. The effluent is treated %IIC f'rgg’rw“"‘m
effective anount of both a-d¢austic solution as well as
amoni a. BACKGROUND OF THE | NVENTI ON [ 0002] The gaseous
m xture produced in the regenerator of fluid catalytic
cracki ng (FCC) process systens contains solid

particul ates, including catalyst fines, and acidic
gases, such as sulfur oxides. It is desirable to | ower
the | evel of bot WETBIGASSCRUBHINGFROWESR di ¢ gases
fromsuch a gaseous m xture before it is introduced
into the atnosphere in order to mnimze the rel ease of
PRIEILHAOE THE NRirgRPrhere. Government regul ations
require a ncentration of sulfur dioxide froma
FCC process unit be 25 ppmv (dry basis at 0% 02) or

| lin ofbepresent inyentigrcrelates iasthe yemovebofpartichlates ;nd
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APR 1Rt oBhPinrmviR Bome biig IR CRloHRR ideess
Sfpehériatg. ThE ROQisent ictrested gvithcdn offediiyeganiesnt of botina ehustic
scrubbers in which the scrubbing liquid, and

pelutier pyvellasAmMANRg gases are ni xed under pressure.
The gases or vapors are passed with the scrubbing

liquid through a constricted passage of the scrubber
VWBACK GROINIROF THE INVBNTIONIbbi ng | i quid and gas
occurs. Cenerally, the effluent of the scrubber (which
may be one or nore venturi structures in series or in
PRDRL] el') The gaRess thikfuré pAetitREd iPthe regéhéretor OFfuid catalytic
contam nated liquid is separated fromthe cl eaned gas.

| eracking ((E€Qdrpaopess 3xstemsicontainy salidypartinelates; mchndipg catalyst

01557 a0 b 854 Yosish s shiflh Gl T K AR Blowlline tove
aef tstith solid partdowkats andatiditeyasbe frionessh a paseohe ngrturé before

is.subjected to the wet_ scrubbing treatment.
it is introduced 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 scrubbing- 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 scparated from the cleaned gas. It is also known that

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



[0004] I n order to renobve an acidic gas, such as 502,
froma gaseous effluent stream wet gas scrubbing wll
typically use a basic material, preferably a caustic.

The caustic reacts with the SO2 and renoves

A%t ream A significant amount of morkkﬁ@@g%g@ﬂ%m7
done over the years to inprove wet gas scrubbing

technol ogy. For exanple, U S. Patent Nos. 3,970,740 and
4,600,567 teach a wet gas scrUBbing process for the
renmoval of catalyst fines and acidic gases fromthe FCC
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AABRTbC br SRR A gl oy He ot el that i
nabjecaddtecthei weti serubbing treatalenpH r ange of about 6 to 7

in a jet ejector venturi scrubbing system The basic

TORBH] 5 SRR it o, R 8 K o BBl
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streans wherein the flue gas streamis contacted in a
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OF THE | NVENTI ON [0007] I n an enbodi ment, there is

ded | f di d d
3@1% Sarl? SC L Nor RS eads SmrppaHS Lo AEAPHSSO2
158 PG R I8 s stream s BbmiSORHHH bl BALbASE

gaseous ef f [ uent Wlt an aqueous scrubbing solution
eonpwitheah aquenms @ahimobiuveonammuniwh hydoawide sclutlan It is also
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hi gh vel ocity m xing conditions thereby resulting in an

& pscetosoeption liquiddfeiRrogeresammoniuan suigfedbatican berised in the
%&ﬁﬂ:lt%ﬁdof% mgerdl oxi de, and gaseous effluent;

sing theresulting adm xture to a separatl on zone
wherein the liquid phase containing the solids is
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art for improved wet gas scrubbing processes capable of economically

achieving lower levels of acidic gases.
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c) mxing an effective anmount of vapor phase anmoni a
with said substantially solids free gaseous effl uent
cont ai ni ng substantially reduced | evels of sulfur

di oxi de: d) passing said mxture of st
%@38’%3@rd and countercurrent to downfl ow nge%'@%zé'%’m’”‘“""
t hereby renovi ng substantially all of any remaining

sul fur dioxide of said gaseous _effluent; and e)
emtting said resulting gaseoué'effl uent into the

at nosphere, which resulting gaseous effluent is
substantially free of both particul ates and sul fur
dsoNmA R YOORSTHIR IfnvngTRONed enbodi ment the scrubbi ng
zone IS a venturi erern t-he particul ate | aden gaseous
ef fl uent and a hig_h vel ocity stream of the scrubbing

n000T] ¢ | In ymembadimen, ihereds psaided aurracess Janksayrng splfor
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perosesscdmprizdst r st stage contacting to the second stage
contacting and fl ows upward through downfl ow ng wat er
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a prefe
conditions thereby resulting in an admixture of a liquid phase containing solids
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and dissolved sulfur dioxide, and gaseous effluent;

b) passing the resulting admixture to a separation zone wherein the
liquid phase containing the solids is separated from the gaseous effluent which
is substantially solids free and having a substantially reduced leve! of sulfur

dioxide;

¢) 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

¢) 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.
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enbodi nent of the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0012) The process of the
present invention is suitable for renoving solid

rticulates and acidic gases, particularly S% %r
8‘3’5@8&@27é§6ﬂ uent streans fromrefinery proces UH %OE{E"“W
especially relatively | ow pressure gaseous effl uent
streans. The process of the invention is particularly

suitable for renoving solid pa?riculates and acidic
gases from a gaseous effluent stream produced in the

AR0E0C, * (Riapine? pferbaed Enfbohitlt BoRicpl Biioitls bs gl he
aseqisefTlinyal passingdhorRrfirsestsgecontathigosoithe séchhd, stage
131-138). During the cracking reactjon, carbongceous

oPtActing agd Hasvy wpward theough OWng; WaleEin said seeiide by
I Jde Catalytic activity. The catalyst is
&W"ﬁf’%ﬁﬁggenerat ed by circulating a stream of the

partially deactivated catalyst particles fromthe
d88t0lyt i dnstilomioBrer paeferred embodimpert the iresnlting treged gaseous
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@yigShed® frohh BdidGegRR] caltadtindSstage.. The regenerati on
may be conducted in M burn node, where substantially

' V. , or in partial burn
M@ gﬁé}fﬂ%gﬁ&ﬁﬁﬁgﬁogf COremains in the
effluent stream For partial burn operation it is -5-
jesinjed Mhelsohefighfecherédftio atdifgramntaticSloWelawos £ pidferrad
practice to E_).ass t he, Co. .containing effluent streamto
smbegfnent offhs present ifvgnden-y CO boi l er, or furnace, and
thereby convert at least a portion of the COto CX2. In
many known processes, the catalytic regeneration is
QAT ED RESCRIE p WE 3} 3N for exanpl e,
bel ow about 30 pounds per square inch gauge (psig). The
outl et pressure of the gaseous effluent of such a | ow

EIZJUr e TheGROEs8 bFthe'biekeritifvéitivngs shifiable ot RMoving solid
urthernore, when a regenerator off-gas is burned in a

paviisulatesornd acidia gases, merienlarlySQhofroar gaseors efflueat stroams
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regenerator_eff]uent gas and regenerator gas that s
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t
Bol ler N trogen
processes are well known (see, for example, Hydrocarbon Processing,
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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 cffluent stream. For partial burn operation it is



Oxygen Carbon Di oxi de Water Vapor Sul fur Oxides

Nitrogen Oxides Solid Particulates 65 to 75 nol %
<0.5to 5 ml %10 to 15 nol % 10 to 25 mol % 20 to

1800 vppm 50 to 500 vppm 0.02 to 1.0 grains/ standard
BEHI088/928E6 (SCE) Conposition of Regenerat or BREEIE7/017407
Effl uent N trogen Oxygen Carbon Di oxi de Carbon

Monoxi de Wat er Vapor Sul fur Oxides Nitrogen Oxides

Solid Particulates 60 to 70 rdl- % <0.5 nol %to 5 nol
%6 to 20 mol %

desired to lower the CO content. It is the conventional practice to pass the CO-
containing effluent stream to a combistion zone, such as a CO boiler, or
furnace, and thereby convert at least a portion of the CO to CO,. In many
known processes, the catalytic regeneration is conducted at relatively low
pressures, for example, below about 30 pounds per square inch gauge (psig).
The outlet pressure of the gaseous effluent of such a low pressure regencrator
will therefore also be low. Furthermore, when a regenerator off-gas is burned in
a combustion ve;ssel, such as a CO boiler or furnace, the gases exiting from the
combustion vessel will also be at a low pressure, typically, in the range of

about -0.1 to 1.0 psig.

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

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

Composition of Repenerator 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 moi % to 5 mol %

Carbon Dioxide 6 to 20 mol %
_Carbon Monoxide 0to 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 cffluent is
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O0to 10 mol % 10 to 30 nol % 20 to 1800 vppm O to 500
vppm 0.04 to 1.2 grains/ SCF - 6 - renpved froma
fluid catalytic cracking regenerator 1 via line 10 and
introduced into a CO boiler 2 where ills burned to
PENYWP/B27A6 | east a portion of it to COR. CO bEFFUPZ097AII407
not necessary when the instant invention is practiced
in a full bum node because substantially all of the CO
wi || have been converted to C88.- In such a node,
because the gaseous effluent fromthe regenerator will
cont { ' t f ent
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stream emanating fromthe CO boiler will be at a
mﬂé%m@ltﬂfl ot Energyds puppjiaddbyas source of pagiculate laden

Hgh S ety 2o et Yo bk B 8 Tid s bk esiln Bg
fme&ﬂanuwunaﬂaﬂ“ the vahiorit and ifto3Re enlasge delctien! Cyclomc
fromthe CO boiler js typically conprised of carbon

#ag tlayein aseparator sives, thepasticyate laderyliquid forthe outside wall of
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fsumps lie ilqmd;jreacjcctmg ventual scsubher iis ﬂmerdox:wpnefﬂg'rdm&)r the
fluid ti rackj.ng process. Typical catalysts
Heftr?e%t$8¥rmf}wgphgxg siliceous materials, such as,
silica; anmorphous or crystalline (zeolites)
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materials include inorganic materials, such as, sulfate
salts, and 112804, as well as, organic material s of
hydr ocar bonaceous nature. The gaseous CO boil er
effluent is renoved via line 12 and can be optionally
sprayed with water introduced via line 14 to saturate

t he gaseous m xture to at |least its dew point. Water



- 8 - [0016]It is critical that the scrubbing m xture

be nmaintained at a pHin the range of 6 to 8,

preferably between about 6.5 and below 7.5. Precise
control of the pHw Il determ ne the degree of sulf

@ ¢80T Poved from the gaseous effluent and \XACF{USZOW‘]”‘W
affect the operability of the system particularly when
it is conducted as a continued operatl on of a

commercial unit. The pHis pref erably maintained to be
no hi gher than 7. 5 to m n| m ze undesired absorption of
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a venturi scrubber, whereby the velocity of the
aniatieR vapas) dﬂatgmddmnémsem of gy msmsgeﬁﬂwuwaa selid orasa
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about 5 to about 75 F., preferably about 20F. This
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sePF ek THE ol B KR RhucG S e 18358 SRrubber
m?astxﬂrous ahyitenhiegiate @mﬂeﬁﬁdﬂ besivetnithe CQBSIIY and theenturi

28 and air via line 30 0019] Contam nated |iquid
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zone of separator 4 via line . Basic material
untrodw:cdusto estorbbed ababasit «ném td 122G gallans) df;s@rubhmgmusturc

(1 dDOE S35 155 ot by efrePn oPeHrab e Pl o4 By g BG dions
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ggc@\éﬁ%ﬁgﬂusegasggﬁs effluent to substantially zero.

The treated gaseous effluent then passes through a

second contacting zone 35. This contacting zone uses a

countercurrent aqueous solution. It is believed that

there is a synergistic effect in the second stage
chem stry with respect to the combination of caustic




via line 34. If desired, at |least a portion of this
liquid is cooled to a desired tenperature by

conventional means, such as, a heat exchanger (not

shown in the draw ng), and recycled to the sc

WR20P1%8 a5 the scrubbing mixture. Al terna%#@@%o,o%mwm
make- up sodi um hydr oxi de can be added via line 29 to

line 18 instead of being introduced into the separator,
or in addition to being i ntrodéced di rectly into the
separator drum Another portion of the liquid from WO
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oamaing s be i Blened Bt 7538 Hinnia, TS drsainbigp i Co-
amoni a treatnent in the separation zone of the present
| j00@T] i ONA basieipaterial isaddbe te gecaguzens sdrabbinghmixtareosia line
wash, as applied via |line 37 of the ggure Ee‘e!reg‘ﬁ zilnd
vty eamsrol thiopila The basic featgtialgnay he. 1ar Gr@Plfe B gfkaligmetal
AWRIrbHe] Snfhohtl bt AmfHl ot hyRP8HiBk i Wpiired GHBAY Rlent B
- EXanple A'l's en only vaporous anmmonia is Introduce
ahd presient inventiora swmstic sGehpsasatinmehyidraxigde ds Bsddsasvthe basic
nei t her the water wash or the ammpnia freatnent is used
TheteeBhsioeaast i Hhs apbiie mayRHiLh e ineRB B Etscols Effuent
| bV sulfhdGilgs RoAPciBaN A RhEI S ith the 8h4ie Mared).
both the water wash and vaporods anmonia treatnent is

uBhaiscrubbed gaseeus edluent and therssrubling mistuze Bowothraighe
tl‘-f)%i’ﬁ%ﬁigd hgw%asga%eesilel th& B&de SFd Véituri %élauryglexe, wFﬂ(e?g%))lr fhe velocity

of the admixture of gaseous effluent/scrubbing mixture is increased. At least a

portion of the total effluent of the scrubber, that is, the mixture of gaseous
effluent and liquid is removed from the scrubber via line 22 and introduced to
separator zone 4 above a level L of any liquid that may be present at the bottom

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 5§ into which is

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

[0019) Contaminated liquid scrubbing mixture L.SM will form a liquid
phase at the bottom portion (liquid hold-up zone) of separator 4. It will
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typically contain suspended solids (catalysts) and dissolved solids, such as,
sodium sulfates, sodium sulfites, ammonium sulfates, as well as, condensable
liquid contaminants, such as H;SO,. Make-up water may be introduced into
the liquid hold-up zone of separator 4 via line 32. Basic material, which in the
most preferred embodiment is sodium hydroxide is introduced via line 20 into
the liquid hold-up zone of the separator to maintain the pH of the scrubbing
mixture at tﬁe desired level. An effective amount of ammonia, preferably
vaporized ammonia, is introduced into separator 4 via line 36. By effective
amount of ammonia we mean at least that amount needed to reduce the level of
S0, in the gaseous effluent to less than 25 ppmv. In a preferred embodiments,
an amount of ammonia is introduced into the separator 4 to reduce the level of
S0, in the gaseous effluent to less than 15 ppmv, and even more preferably to
reduce the level of SO, in the gaseous effluent to substantially zero. The
treated gasecous effluent then passes through a second contacting zone 35. This
comntacting zone uses a countercurrent aqueous solution. It is believed that
there is a synergistic effect in the second stage chemistry with respect to the
combination of caustic and ammonia and water for removing substantially all
remaining sulfur dioxide. If vaporized ammonia is injected below this
contacting zone at 36, water is added at the top of the contacting zone at
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. Altematively, 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
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the separator drum can be removed from the process and, if desired, subjected
to further treatment, such as, concentration and removal of solids and treatment

of the liquid waste to make it suitable for disposal.

[0021] The following examples will serve to illustrate, but not limit, this

invention.

[0022]) A series of experiments were conducted to show the unexpected
results for reducing the level of sulfur dioxide in a gaseous stream when treated
with both a water wash as well as a water wash and a vapor ammonia treatment
in the separation zone of the present invention. Example 1 is the case where
both the water wash, as applied via line 37 of the Figure hereof and vaporous
ammonia via line 36 of the Figure hereof is applied to a sulfur dioxide
containing gas. Comparative Example A is when only vaporous ammonia is
introduced and not the water wash. Comparative Example B is when neither
the water wash or the ammonia treatment is used and Comparative Example C
is when only the water wash is used. Example 2 again represents the situation
when both the water wash and vaporous ammonia treatment is used, at a later

point in time. The table below shows the results of these experiments.

Example Example Example Example Example

1 A B c 2
Grid Wash, galions/minute. 78 Min Min 78 78
Vapoarized NH, On On Off Off On

Stack SO,, ppmvd @ 0% O,  17-24 32-40 51 38 B-12



-11- CLAIM5S 1. A process for renoving sul fur oxides and
solid particulates froma gaseous effluent containing
same, which process conpri ses: a) contacting, in
a first contacting zone, the gaseous effluent with a
first aqueous scrubbing solution conpri sed of a
caustic, an effective anountilef ammonia, or both, said
scrubbing solution being at a pH of about 6 to about 8
whi ch contacting is perforned in a wet gas scrubber
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ef fl uent and a I' uid phasg contain part es and
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scrubbing solution to produce a scrubbed gaseous
ofef S‘tlbmm“talla melids feaglgasmous offluaitning g liggdahass wotaitingparticulates

| east a portion of the
mﬁ%*%ﬂf hg%ﬁﬁ%ﬁ aqueous solution fromthe scrubbed
gasequs eff uent emittin sard scrub
gas ey PesEhE aeﬁrftrnﬁ@ e 19 f‘rﬁ%’ﬁ‘%?‘ez"% &R ﬂfeliel“‘&)ﬁlase
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artrcu es and contains less th > ppnv of sul
WMCbhamredchﬁH@ebobﬂé@somﬂescl aim1 vvher ei n vapori zed

anmmonia i s introduced upstream of a venturi scrubber.
¢) 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 ¢) 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.

3. The process of claim 1 wherein the scrubbed gaseous effluent is heated

above its dew point prior to being discharge into the atmosphere.

4. The process of claim 1 wherein said gaseous effluent is produced in a

regeneration zone of a catalytic cracking process.



3. The process of claim1l wherein the scrubbed gaseous
effluent is heated above its dew point prior to being
di scharge into the atnosphere. 4.The process of claiml
wherei n said gaseous effluent is produced in a
regeneration zone of a catal ytic cracking process. -
12 - 5. The process eofl2elaim 1 wherein said
gaseous effluent is a gaseous m xture produced by
burning the effluent of a regeneration zone of a

t ti ki . I. nmbust i . .
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a gmebustomanne. sul fur oxi de species, carbon dioxi de,
nitrogen and water vapor. 8. The process of claim
1 wHer ei Thegiratessefsidim 5 whayeidisaithchmbinstion dene is a CO béiler.
The process of claim1l wherein step (e) al so conprises
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additional basic material into the sulfur-containing aqueous solution.

10.  The process of claim 1 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 claim 1 wherein the scrubbed gaseous effluent contains

less the 15 ppmv of sulfur dioxide.

12.  The process of claim 11 wherein the scrubbed gaseous effluent is

substantially free of sulfur dioxide.

13.  The process of claim 1 wherein at least a fraction of the sulfur-containing

aqueous solution from the separation zone is recycled to said first contacting zone.

14.  The process of claim 13 wherein the sulfur-containing aqueous solution is

cooled prior to being recycled to said first contacting zone.

15.  The process of claim 1 wherein additional basic material and water are

introduced into said separation zone.

16.  The process of claim 1 wherein additional aqueous scrubbing solution is

introduced into said separation zone.
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12. The process of claim 11l wherein the scrubbed
gaseous effluent is substantially free of sulfur

di oxi de. 13. The process of claim1l wherein at

| east a fraction of the sulfur-containing agqueous
solution fromthe separation zone is recycled to said
first contacting zone. -1314. The process of claim
13 wherein the sul fur-containing aqueous solution is
cool ed prior to being recycled to said first contacting

zone. 15. T rocess ,of claim1l, wherein .
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wherei n addi ti onal aqueous scrubbing solution is
solids thertfioed i nto said separation zone. - 13 -
17. The process of claim1l wherein at |east a portion
of sl&i d Slihefpurcessorfickdimi Ingharejn said aqewhisisdrobbing saleinmvie ffom

fromthe separation zone and further treated o renove
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gas e]]@l:'.s el{hfelﬁz(%ggs &%'ldi'lgc}t WEALiEDaid gaseous efhﬁen‘[-ﬁ'ﬁuﬁﬁtg& ik
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watet grionad g being icontadted intsaldefimigoatantigciond. i n sai d first
contacting zone. 20. The process of claim1l
wher®i n Sihegrapessietaimf1l Whieeih shidl gascoasefduentid X paseus mixture
produced by burning of a carbonaceous fuel. 21.
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contacting the first agueous scrubbing solution and the
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ti about .20 to, 120 | f, fil.rst .
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ofebbkt@enb 120 gallons of first aqueous scrubbing solution to about 1000 cubic feet of

gaseous effluent.



