1 CATALYST RECOVERY FROM LI GHT COLEFIN FCC EFFLUENT FI ELD OF THE | NVENTI ON
The present invention relates to catalyst recovery froma light 5 FCC-type
effluent, and also to regeneration of the recovered catalyst. BACKGROUND
OF THE I NVENTION It has been proposed to produce |ight olefins such as

et hyl ene and propyl ene from m xtures bf heavi er paraffin and ol efins using
a 10 fluid catalytic cr | ) = S, L reaction conditions
descri bed, for exanple, ﬁ&mggﬁtaéé@%\fh%g@wshon et al.;
5,171,921 to Gaffney et QIGHROLERIN,PCT ERELdYENT In this system

particul ated catal yst and feedstock enter a reactor under specific
reaction cofdEtDo@F Tite INEENTOMNT fl uent is processed in a 15 series of
cycl one separators, usually housed in a vessel, that separate nost of the
cat al yst from t hé & pressnt inyepdoneigdaiesatcedatalyst regopens frtamaa lighener at or
and then to _the reactor, in a manner simlar to conventional refinery FCC
oper at i ons. Fﬁ@-tyaea|63féuemteaﬁm¢otalsef fipuspgenartion rohn thee regeverRd are

t hen cool ed agﬁﬁ separated by 20 fractional distillation, for exanple, into
the product C8EHY¥®Y-t uents. There are, however, sone significant differences
bet ween t he LD p| fnO CHLR RGE ile conventional refinery FCC
oper at i ons. =—CdwEA aallvE. IJON oduce an effluent that has
significant quantities of heavie hﬁ?r carﬂopls Ef}at are condensed in a
quench 25 towver. THa$ &8N RIARPSEGHRBrodieh HENbPIGINS guseh assethylrne

entrained | inf BRogiheHom HiRres i HedBPharafth hRS GEHhE Eng Y on 1o

10 fluid catalytic cracking (FCC) system with the reaction conditions

described, for example, in US Patents 5,043,522 to Leyshon et al.;
5,171,921 to Gafiney et al.; and 6,118,035 Fung et al. In this
system, paniculated catalyst and feedstock enter a reactor under
specific reaction conditions. The reactor effluent is processed in a
15 series of cyclone separators, usually housed in a vessel, that
separate most of the catalyst from the effluent to be regenerated for
recycle to a regenerator and then to the reactor, in a manner similar
to conventional refinery FCC operations. The catalyst-lean hot
effluent gases from the cyclones are then cooled and separated by

20 fractional distillation, for example, into the product constituents.
There are, however, some significant differences between the
light olefin FCC process and conventional refinery FCC operations.
Conventional FCC processes produce an effluent that has significant
quantities of heavier hydrocarbons that are condensed in a quench
25 tower. There is also a minor amount of residual catalyst entrained in
the effluent, that is not removed by the cyclones, which is collected
with the heavier hydrocarbons condensed in the guench tower to

form slurry oil. Slurry oil from the quench tower is often difficult to




wi th the heavi er hydrocarbons condensed in the quench tower to formslurry
oil. Slurry oil fromthe quench tower is often difficult to 2 process
and/ or di spose of; frequently it is burned as a fuel oil. In the 1ight

ol efin FCC process, there are only very,mnor quantities of heavier

hydr ocarbons in the effluent gas, i.e. relatively high ratio of catalyst
to fuel oil, so the renoval of the catalyst fines becones 5 problematic
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On the other %lgﬁd? t héjlggi F(i)%@glﬁ' qﬁ?gﬁt hghg‘ri ﬁé@%tp’?’{??gg%qﬂaén@r gﬁ?y has

i nsuf fi ci encasekst Herssrvertiorial refigeh BOC Pk@ééés FCC process to support
catal yst regeneration and the heat of reaction. 20 In a conventi onal

gasol i ne FCC prodawghert iseue baenthsulighst etefihaFCGOppresess alis f tige such as
fuel gas or fuel oil (torch oil) can be introduced into the regenerator to

achi eve t heregenpratamrunédheezptatyst recoveradifyest thegrser effiusntandthidie heat
of reaction during non-steady state operations, for exanple, when

10 cyclones. In the conventional refinery FCC unit, significant quantities
of coke are formed in the riser and deposit on the catalyst particles.
In the regenerator, this coke can be used as a fuel source for
combustion with oxygen in the regenerator vessel to supply the heat
needed to heat-balance the unit. Frequently, the regenerator may

15 need to be cooled to prevent the catalyst from getting too hot,
particularly when the feedstock deposits a lot of carbon on the
catalyst. On the other hand, the prior art light olefin FCC process
generally has insufficient coke deposition in the light olefin FCC
process o support catalyst regeneration and the heat of reaction.

20 In a conventional gasoline FCC process, it has been
suggested that supplemental fuel such as fuel gas or fuel oil {torch
oil) can be introduced into the regenerator to achieve the

- temperatures required for catalyst regeneration and the heat of
reaction during non-steady state operations, for example, when

25 starting-up the unit, to achieve an adequate regenerator
temperature. However, as far as applicant is aware, there are no

adequate systems known for introducing fuel into the dense phase



25 starting-up the unit, to achieve an adequate regenerator tenperature.
However, as far as applicant is aware, there are no adequate systens known
for introducing fuel into the dense phase 3 bed of a FCC regenerator
processi ng | ow carbon catal yst, for cqgtinuous operation. Further, there
Is a need for a light olefin FCC process and system capable of processing
a light feedstock that conventionally 5 yields inadequate coke formation,
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cat al yst hand]: r 5. N the light olefin FCC process noted above,
preferably %&mliﬁgjolygi%é%l Eél oil addition to the quench tower and

rect oulati on of Pt SeRETe! 9'8Tnok 2 HRCARAYECS THBERE B ver
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fuel oil supplied for catalyst washing from gas can
preferably lige il of Je8BliOh YehDReAgAthE 988EfeMeNt s of the regenerator, and
at the sane tine can elimnate catalyst losses in the effluent gas. 20 The
present i nv&UMMARY OmMEHDINYENTENINem for recovering fines froma |ight
FCC-type effluent gas. The feedstock for such a light FCC unit is a
feedstock that cdhenpresett yinvestios | addmysaise theokeafaystat handlingr
exanple, a C4 -Cl2 feedstock, preferably a C4 -C8

problems in the light olefin FCC process noted above, preferably by

10 using a fuel oil addition to the quench tower and recirculation of the
quench tower oil to wash catalyst from the effluent gases, by
recovering a slurry of the catalyst in the fuel oil from the recirculating
quench oil, and by continuously introducing the slurry into the
regenerator to recover the catalyst and supply the heat requirements

16  for catalyst regeneration and the heat of reaction. In this manner,
the fuel oil supplied for catalyst washing from the effluent gas can
preferably be used to supply the heat requirements of the
regenerator, and at the same time can eliminate catalyst losses in

the effluent gas.

20 The present invention is a method and system for recovering
fines from a light FCC-type effluent gas. The feedstock for such a
light FCC unit is a feedstock that conventionally yields inadequate
coke formation, for example, a C, -C+; feedstock, preferably a C,4-Cg
feedstock. Cracked gases from the reactor are cooled by direct

25 contact with circulating oil, for example, in an oil guench tower. The
catalyst fines carried with the reactor effluent are washed out from

the gases. A circulating oil pump-around loop cools the gases and



feedst ock. Cracked gases fromthe reactor are cooled by direct 25 contact
with circulating oil, for exanple, in an oil quench tower. The catal yst
fines carried with the reactor effluent are washed out from the gases. A
circulating oil punp-around | oop cools jhe gases and 4 renoves the fines. A
slipstream of quench oil is sent to a catalyst separation systemfor
separation of the catalyst fines. Catalyst renoval can be achieved, for

exanpl e, Vi @emda;r%,am@méy% %iﬁf@,wamsgpauehbﬁrbn ¢ a@nt st atéz?talyslt

precipitation, a conbination thereof. 5 For exanple, when cat'al yst

filtration is%p@réiibﬁ%ystéﬁ'ﬂo@sééﬁéfﬁt@n _thethéll&ﬁWsQi fin@@.n l[_ﬁat&w@t t hr ough
one of at least two filters to renove fines. Another filter is i'n backwash

operation usgfbvINBaARSBedaghieveldd farmexanipie, a4 ditiationt | mggrocldric _
recovered fines are conbined wth quench oil to forma slurry that carries

the fines tegepaecafi6k; Hecrostaticapoecipintionyeand ai combindteors!thergof. s
conbusted in the regenerator to provide a convenient way of supplying FCC
system Hheatoreguamphenthenbataysit filtteticaie utiiiredy et sipgtngamhef ¢lagal yst
fines recovered fromthe reactor effluent gas to the FCC system In this
manner, cat gugstch od e bensert througbhdone aimt Eastiwedillesstedreémoveée 15
regenerator exhaust fromthe dilute phase. Since there is a m ninum anount
of oil genefiResd Another flter ist iRcbatiatash ciperayon; UFIBYICAMPESSEEEasry t he
guench tower and ovi de the hea&aareq ired in the nerator. .| n one

aspect, thelt®rh {’eitﬁﬁeﬁ@ﬁ]%egr By E—h@vf%@éveiedzére‘%gtafédc@m“ﬂ%@overi ng
oyt B e R B 05l B e AN v the
? 10 regenerator. The quench oil in the slurry is combusted in the
regenerator to provide a convenient way of supplying FCC system
heat requirements, while at the same time returning the catalyst fines
recovered from the reactor effluent gas to the FCC system. In this
manner, catalyst losses can be limited to any fines entrained in the
15 regenerator exhaust from the dilute phase. Since there is a
minimum amount of oil generated in the FCC, the gquench oil is
imported to inventory the quench tower and provide the heat
required in the regenerator.
In one aspect, the present invention broadly provides a
20 method for recovering catalyst fines from a light FCC-type effluent
gas. The mrethod includes the steps of:
(a) supplying quench oil to maintain a steady state
inventory thereof;
(b) contacting the effluent gas with the quench oil to cool
25 the effluent gas and wash out catalyst fines to obtain a cooled

effluent gas essentially free of fines;




i nventory thereof; (b) contacting the effluent gas with the quench
cool 25 the effluent gas and wash out catalyst fines to obtain a cool ed
ef fl uent gas essentially free of fines; 5 (c) returning the quench
the contacting step to the inventory; {d) continuously recirculati
fromthe inventory to the ntacting step; 5 (e) separating

fines froma streamof the quench oil from the inventory to recover the

S urrying the fines rAebvepRing’tis Shhetbal e Ehtatiia e lo
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t he contacting step.

Separatton can y any Suit
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filters, wherein a first filter is in a filtration node Ile a second

filter in parall eheiipventshyf @5 reastiwprsheniingd &8dok&e Ghiehéines! {reft ed

fines. The filtrate can be returned to the inventory. The filtrati

backwashi ng can &uiidingapudehednvantoeyldnd al t er nat i ng

filters between filtration and backwashi ng
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(f) slurrying the fines recovered from the separation
step.

In the method, the contacting and collecting steps can be
effected in a quench tower comprising vapor-liquid contact elements
and a bottoms zone that holds the inventory of quench oil. The
recirculated quench oil can be cooled before the contacting step.
The separation can be effected by any suitable means, for example,
filtiration, electrostatic separation and use of hydroclones, and the
separation is preferably continuous.

When using filtration, the separation is preferably effected
using at least two filters, wherein a first filter is in a filtration mode
while a second filter in parallel is used for backwashing to remove
the collected fines. The filtrate can be returned to the inventory. The
filtration and backwashing can also include periodically alternating
the first and second filters between filtration and backwashing
modes.  The backwashing preferably includes at least one
compressed gas pulse through the at least one filter that is in the
backwashing mode in the reverse flow direction to remove the

separated fines, and coliecting the separated fines in a holdup

on and

the first and second



nodes. The backwashi ng preferably includes at | east one conpressed gas
pul se through the at |l east one filter that is in the 25 backwashi ng node in
the reverse flow direction to renove the separated fines, and collecting
the separated fines in a holdup 6 vessgl. The separated fines are conbi ned
with a heavy oil, such as fuel oil or 'quench oil, to forma slurry,
preferably in the holdup vessel. The electrostatic precipitation process is

Sim L ar 10 Yl e SbparaiBORfsl ERel ALt vy B sach'as on-l i ne

collecting c Ines, while one or nore are shed. This

backwash stgpp| ¢ dr cgrg?n&ﬁ BfNtd Hsim @l dluf, Eiéf‘é‘r‘élt@ryi iAgheYRNE0p Yessel he

separation Is acco I shed by i nducing”an electfical field across a

packing nedi um That@bgfbsiald bFécﬁﬁité‘tﬁcﬂj ip@@bé%’i@@ﬁﬁﬂﬁr ot fikediomnd
coll ected at contact points in the packing nedium Renoval of the 10

particles igraeiurel irdotar ks drakiple aining atrbeoﬂllm,rmmtmtgd chgaligst f 1 ushi ng
the freed particles. The hydrocl one separation process preferably has at

| east t\@ Hnhegewhilé dnsdopehoreeare begy baskwashedaclhis thegkwasit aiep ng
multiple, small dianeter hydroclones in parallel. The hydrocl one operates
by 15 the satiizgs icleamduehoib ot yaitaulating pgeenct adil.y, Thensepdnagian force is
used to separate the oil and catalyst particles. Two stages are necessary
at a m ni nuaccomplisbedt bat dndbeingndan f ewotecalediald Trpress | §, peslingunder f | ow
fromthe hydroclone is 20 to 40 percent of the total flow _ The

requi r ement Beshiuihi s Gatalsls padicias afat ioriked orndéondaiarizedcand ated in
the underflow streamwhich is 5 to 10 percent of the otal inlet flow By

exanpl e, i fcebrctedrauraniasy rrints i dbe racking meduip. Beedyal 9fukie oi 1 i s
>, 000 I‘I%S/ h;r)ért}c?gsn ié haecc%erhphlgﬁgéfgyoge%ﬁ%agﬁg]l%e electrodes and back-
flushing the freed particles.

The hydroclone separation process preferably has at least two
stages of hydrociones in series with each stage containing multiple,
small diameter hydroclones in paraliel. The hydroclone operates by

15 the same principal as a cyclone; specifically, centrifugal force is used
to separate the oil and catalyst particles. Two stages are necessary
at a minimum to concentrate the underflow stream. Typically, the
underflow from the hydroclone is 20 to 40 percent of the total flow.
The requirements of this process dictate that the solids be

20 concentrated in the underflow stream which is 5 to 10 percent of the
total inlet flow. By example, if the circulating oil is 50,000 Ibs/hr and
the net fuel oil is 5,000 Ibs/hr, then the net underflow must be 10
percent of the total flow or 31.6 percent from each stage (0.316 x
0.8316 = 0.1). It is not necessary that the underflows from each stage -

25 be identical, but the net underflow must satisfy the fuel oil

requirement. The underflow quantity is typically controlled by control

valves on the outlets of the overflow and underflow streams.



percent of the total flow or 31.6 percent fromeach stage (0.316 x 0.316 =
0.1). It is not necessary that the underflows from each stage 25 be

i dentical, but the net underflow nust satisfy the fuel oil requirenent.
The underflow quantity is typically conirolled by control valves on the
outlets of the overflow and underflow streans. 7 A slurry is formed by
conbining the fines with a quench oil. Sonetines steamis added to further
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present invention prOV| recovering I ght
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to mai nt ain a stea state” "I'nventory reo neans I'ng the
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catalyst fines to 15 o tal n a cool ent gas essentiall ree of

fines, nmeanintoothe feRictbPiMthé FCQUAE WHerk if fsoﬁaﬁ)dﬁzé@rﬁtécﬂw'engﬂﬁfew to the
i nventory, neans for continuously recircul ating quench oil fromthe

inventory t@as! ehe omdleetip rueictooil ezmnBel addee piveztivitg fhenprventory, a stream
of the quench oil fromthe inventory to recover the fines and keep the

fines 20 fr dnebecircilagondobp oras the élepbgckaadhmeans for slurrying the
fines recovered fromthe separation step.

" 10 In another aspect, the present invention provides a system for
recovering fines from a light FCC-type effluent gas. The system
includes means for supplying quench ocil to maintain a steady state
inventory thereof, means for contacting the effiuent gas with the
quench oil to cool the effluent gas and wash out catalyst fines to

15 obtain a cooled effluent gas essentially free of fines, means for
returning the quench oil from the contacting step to the inventory,
means for continuously recirculating quench oil from the inventory to
the contacting step, means for separating fines from a stream of the
guench oil from the inventory to recover the fines and keep the fines

20 from building up in the inventory, and means fdr slurrying the fines
recovered from the separation step.

A further aspect of the invention is a system for recovering
fines from a light FCC-type effluent gas that includes a quench tower
having an inlet for receiving the effluent gas, vapor-liquid contacting

25 elements disposed above the inlet for cooling the effluent gas and

washing out the fines, a gas outlet above the contacting elements for

discharging cooled effluent gas essentially free of entrained fines,



A further aspect of the invention is a systemfor recovering fines froma
| i ght FCC-type effluent gas that includes a quench tower having an inlet
for receiving the effluent gas, vapor-liquid contacting 25 el enents

di sposed above the inlet for cooling the effluent gas and washing out the
fines, a gas outlet above the contactin§ el ements for discharging cool ed
effluent gas essentially free of entrained fines, 8 and a |iquid hol dup

zone bel ow the, inlet for collectjng quench oil from the contacting
elements. A4 EIGHIGHQIHUP RSN Bekmgthe dlef far collating auensh Rddiemul at i ng

t he quench _c*'l frongnpe l'i quid hol dup zone tq th? contacting el epents. At
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recircul ati golleeted iMalttvesfitem abe ﬁb%@ﬂhg hehgohesikdasineantb r@%lﬂﬁg' ation
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| oops for selectively placing 20 the filters in filtration and backwash
nmodes. The wpdleetionarora.soA heavy oil, for example, fuel oil or guench oil from
inventory, is added to the sturry collection zone to form a slurry of the
coliected fines therein.
The system can also include a quench line for introducing the
effluent gas into the inlet, the quench line including a mixing zone for
15 receiving quench oil to cool the effluent gas, and a filtrate line from
the filtration-mode filter to the mixing zone for supplying the filtrate as
the quench oil. A line can be provided for supplying makeup quench
oil to the guench tower or to the recirculation loop. Valves can be
used in the backwash and recirculation loops for selectively placing
20 the filters in filtration and backwash modes. The system can also
include a source of compressed gas, a line from the source to the
backwashing loop, and a valve in the line for pulsing the compressed
" gas into the backwashing loop to facilitate fines removal from the
backwashing-mode filter.
25 The system, alternatively or additionally, includes a line for
supplying the slurry from the slurry collection zone to the reactor in

the FCC unit. Preferably, the system can include a line for supplying



I nclude a source of conpressed gas, a line fromthe source to the
backwashi ng | oop, and a valve in the line for pulsing the conpressed gas
into the backwashing loop to facilitate fines renoval fromthe

backwashi ng-node filter. 25 The systemgalternatively or additionally,
includes a line for supplying the slurry fromthe slurry collection zone
to the reactor in the FCC unit. Preferably, the systemcan include a line

for supplyi Pﬁa%u}rrbgfﬁ:lrﬂrthé §IQ§?‘60*H%cﬁbHridhémtbeaCBbﬁ§eﬁ%é&ﬁ%glc@sﬁjense

phase bed o ener at or recelving and regenerating ca from

the strippereqdbralSe forC 1edilmg aid FehERerants Yataliat ronPRhé Siripper of f| uent

to the stripper. Preferably, the reg€nerator es a mxing zone for 5

m xi ng the fursdir@ndiibhetoral FOGrebbfh th@ SLUppReSthangfffuctit IeheHede zone
for introducing the mxture fromthe m xing zone wthin the dense phase

bed, preferghippdrel oRrdéfeeattlgp the rdigemiemicr thokklesed miking Hotiendozone is

preferably an annulus centrally disposed within the dense phase bed. The
regener & or mirimghthee stursyilgral e cataly$Ofrdins tthe kettippef @and atdiedbargey an
oxygen-cont ai ni ng gas adj acent the discharge zone, preferably in the form
of a pi pe rizogewarhimteoduciagi thes mdureuiftoml thenanixirey 2ome atitlinnthis vel y, a
pipe grid with multiple branch arns around the annul us and bel ow t he

di schar ge zdapseShase bed, poeferably peloeibeitopeoit thendense ipheseabedt al yst

15 regenerator for regenerating spent |ight FCC catalyst. The regenerator

i ncl udes a fBgeAEXiACoZONESSaprefey ir amumdes m@ﬁ@llygdksapﬁgd wéhin a
central upright standpipe portign for receiving the spent catalyst to be
r egener at edtNeyfiense: ed. r dg veggnaratevegan dayeop swalagesh@i pe
portiOr]loanddlds?;iw{or}gfgrn IS0 L(lili?\gb%tnm%e)&gte?l?containing gas adjacent the
discharge zone, preferably in the form of a pipe ring with perforations
or multiple nozzles or, alternatively, a pipe grid with multiple branch
arms around the annulus and below the discharge zone.
Stil further, the present invention provides a catalyst
15 regenerator for regenerating spent light FCC catalyst. The
regenerator includes a regenerator vessel housing a dense phase
catalyst bed, a central upright standpipe portion for receiving the
spent catalyst to be regenerated, and a centerwell receiving a lower
end of the standpipe portion and defining an annulus between the
20 standpipe portion and an inside diameter of the centerwell. There is
a vaive for controlling the introduction of spent catalyst from the
standpipe portion into the annulus. In one embodiment useful in an
FCC unit having a central vertical standpipe configuration, the valve
is located at a lower end of the standpipe portion, which is at the
25 lower end of the vertical standpipe. In another embodiment, the FCC
unit is of a side by side design and the valve is a catalyst slide valve

located in the pipe angled into the side of the regenerator. The



20 standpi pe portion and an inside dianmeter of the centerwell. There is a
val ve for controlling the introduction of spent catalyst fromthe

st andpi pe portion into the annulus. In one enbodi nent useful in an FCC
unit having a central vertical standpipg configuration, the valve is

| ocated at a | ower end of the standpipe portion, which is at the 25 | ower
end of the vertical standpipe I n anot her enbodi nent, the FCC wunit is of a

side by S CEnBRY HApRNEXERdY 2 ANes derfigt 2bv/th eregéné tge ah@cpieed in the

pi pe angl ed | e regenerator. T ed pipe extends to
the center @faﬁd(}ﬁ éh%%ﬁt%d f oy SbARERIZRED Qﬁréf'mié bAdahérsdfed to or
formed as part of nd thereof. A fuel di Stl’l butor is provided for
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annulus. A fluidization distributor is 5 provided for introducing

flui di zati oforogixingtwitth liee camalgsivel the annufdsui Aifiidizatioe distributet is n the
annulus. Aradial slot is forned in the centerwell for introducing the

cat al yst5 angrdwidednifet uingrdduging hHuidizatidrusgast mtbhthelecsrtegrivasle ftbed bel ow
an upper surface thereof. An air distribution ring or pipe distributor is
di sposed i nfiuldizidgnthe tatalpstsin breel abudust ha raciiesintlis foumedckenthe o t he
radial slot for introducing conbustion air into the dense phase bed. A
catal yst dcestemsdl dot listrodscing fthei catalystusingafueh midurer hwrael® phase
bed. An off gas di scharge outlet is in fl UI d comuni cation with dilute
phase abovealRglufeitie Wieadensedohase bhad)Selowdn UPReT3Wéaae tNRtAlde a

the fuel oil to the fuel | but or,

f f | |
fsfjﬂlrg?zgt i 0 rhé‘gf: fﬁtﬁéﬂﬁ‘g&pﬂgﬁ Qg’uetﬂ&/ﬂifd"aumruﬁsdﬁﬁﬁqséﬁ lmé'aﬁﬁtlé Wtff ch i s

not an Qxyg
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introducing combustion air into the dense phase bed. A catalyst

discharge outlet is in fluid communication with the dense phase bed.

An off gas discharge outlet is in fluid communication with a dilute

phase above the dense phase bed. The regenerator can also

15 include a source of fuel oil for supplying the fuel oil to the fuel

distributor, a fluidization medium source for supplying a fluidization

medium which is not an oxygen-containing gas, for example, steam,

an inert gas, and fuel gas to the fluidization distributor, and/or a

steam source for optionally supplying steam to the fuel distributor.

20 The regenerator can further include an air preheater for heating air

prior to introduction through the air distributor, for example, during a
stan-up.

Another aspect of the present invention is providing a method

“of converting an original FCC unit of side by side configuration to a

25 converted FCC unit for processing light feedstock. In this method,

the original FFC unit has at least an original regenerator, an angied

spent catalyst supply line attached to the spent catalyst inlet, and a



steam source for optionally supplying steamto the fuel distributor. 20 The
regenerator can further include an air preheater for heating air prior to
i ntroduction through the air distributor, for exanple, during a start-up.
Anot her aspect of the present inventionds providing a nethod of
converting an original FCC unit of side by side configuration to a 25
converted FCC unit for processing |ight feedstock. In this nethod, the

ori gi nal FFQatalyst lsiidearalvedntthenangiegi sapplyelgencT ht aegeneraiog/ s aspent
catal yst supply line attached to the spent catalyst inlet, and a 11

catal yst sl ispentatatalyst iflet,aagl @it snipbland iare.aiftdistrégditer dssentzly a
spent catalyst inlet, an air inlet and an air distribution assenbly
attached t o attached 1ol thte wairhiinlenavithémar ande rearn dineofbattem radgdher at or
The conversion involves replacing the original 5 regenerator with a
regener at or regepemiod. t o t hiee pceswersionydnvolvas Irap gnieli eeginaf such a
conversion according tg the present invention, the nethod includes
r enovi ng®t hdEAPREsPFWIth aJearpeyaisr aceerdivgdadhs: piesent srvenrtionl | s
installed on the interior ql}ﬁttom of the regenerator. A fluyidizatjon gas
inlet and at | eadD BRAE eOBQAEMEN] ef suehpRo 8r¢iRNoa§ROIRILIR theh of t he
regenerator withip.the .centerwell, f.lui di zation gas distribution ring is
i nstal | ed aMeS@BﬂHQ&'?@HOFo tF’ﬁe ”P?thoa iagﬂugﬁsgé@"’] 'égﬁ]ﬂ Q'Ea@fp@ﬁe f uel
di stributio e d s connec oj,a corresponding,fuel inlet at the
Mncerior basaniay e B AR A AR AL S dhoigd on s Tieflori et i s
15 provi ded or . S f I ef | ector
olate is i " Ot fr¥f regeRera) eﬁfw@'?gﬁﬂﬂi%é%?’ﬁ@?r%]e‘{)g?i'éasﬁgga| | ed
and conqget 4def ISR SRFIGed IARIUGH t7e/ BBt BY fhe réB8nerator within the
centerwell. A fluidization gas distribution ring is installed and
connected to the fluidization gas inlet. At least one fuel distribution
nozzle is connected to a corresponding fuel inlet at the interior
bottom of the regenerator within the centerwell. An air inlet is
15 provided through the regenerator outside of the centerwell. A
deflector plate is installed within the centerwell. An internal pipe is
instalied and connected to the spent catalyst supply inlet. The
internal pipe has an angled portion at a similar angie to that of the
angled spent catalyst supply line, a standpipe portion and an annular
20 plate attached to the standpipe portion. The lower end of the
standpipe portion extends into the centerweli creating a radial siot
between the annular plate and the top edge of the centerwell. The
lower end of the standpipe portion is spaced above the deflector
plate to allow flow of spent catalyst through the standpipe portion
25 and provide deflection of the spent catalyst flow direction for mixing
the spent catalyst with fuel oil that is vaporized within the centerwell

when the modified FCC unit is operated. An air distribution pipe is




I nternal pipe has an angled portion at a simlar angle to that of the

angl ed spent catal yst supply line, a standpipe portion and an annul ar 20
pl ate attached to the standpi pe portion. The |lower end of the standpipe
portion extends into the centerwell cregating a radial slot between the
annul ar plate and the top edge of the centerwell. The |ower end of the

st andpi pe portion is spaced above the deflector plate to allow flow of
spent cat al y o] e a ' rtd on n r v de I i on of
he spent caTATySRCOuRG? e TREREIRIAN and 8 el RHIE L A 1" Le
oi I that iscuhapecte®to thé Rimintdie centerwell when the nodified FCC unit is
operated. An air distribution pipe is 12 installed around the centerwell

and bel ow t BRIEFDESSRIPTION OPTRE DRANWINGS air inlet. BRIEF

DESCRI PTI mmél ed schematic process flow
di agram of an SFH@GCIUK ta simplified ecematic proeeesd fiowesiagiasdot Grer ack

i ght hydrocarbons, according to one enbodinent of the invention. Fig. 2

is an erfh ar fREC eleNiat inoludinga droweil poehichn telver hausgd gRNesrabRrr Iiﬁﬁt Fig. 1
for regenerating catalyst in a light FCC unit wusing slurry of the fines

from the fi hydrotenblonss zcebrdihg toidneyeaidimbnht odwke ireestichi.ng to the
present invention. Fig. 3 is a plan of the regenerator of Fig. 2 as seen
al ong the |inesF3g33 rnisFap, eplarBed. ellevatiororofaia Jowsr aporitinaradethes| evat i on
of a lower portion of a regenerator having a side entry for catalyst used
for regener iegeRerater @t kigisi fof wegenerating certalystde bylightdEGCwnihit. Fig.
5 is an enlarged elevation of a |ower portion of another .
using siurry of the fines from the filter backwash of the oil quench

10 tower according to the present invention.

Fig. 3 is a plan of the regenerator of Fig. 2 as seen along the
fines 3-3 in Fig. 2.

Fig. 4 (prior art) is an enlarged elevation of a lower portion of a
regenerator having a side entry for catalyst used for regenerating

15 catalyst in a conventional side by side FCC unit.

Fig. 5 is an enlarged elevation of a lower portion of another
embodiment of a regenerator according to the present invention for
regenerating catalyst in a light or conventional FCC unit in a side by
side configuration.

20 DETAILED DESCRIPTION OF THE INVENTION

The present invention is a method and system for recovering
fines from the light FCC effluent and regenerating spent catalyst. As
used in the specification and claims, a light FCC unit or process is
one in which the hydrocarbon feedstock to the FCC riser has a very

25 low resid content such that there is insuifficient carbon deposited on
the catalyst to sustain combustion for regeneration without a

supplemental fuel source, and there is insufficient fuel oil in the riser



enbodi nent of a regenerator according to the present invention for
regenerating catalyst in a light or conventional FCC unit in a side by

side configuration. 20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

i nvention is a nmethod and systemfor regovering fines fromthe |ight FCC
ef fl uent and regenerating spent catalyst. As wused in the specification and
clainms, a light FCC unit or process is one in which the hydrocarbon

feedst ock téffm@nt':ﬁgo%blaﬁénﬁ@ﬁalasm?ﬁy o%5réd§Vaq’r§§E.g fosd gﬁénsé'f}g%ﬁl}@t there

is insufficrent car eposited on- the ¢C fo"Sustain tion for

regenerati opepédrtodt the IRyRBLAMERS in ihe! ré&tb?eefpegﬁtupggégi fr8pd el 11 clent

fuel oil in the riser uent tor conventlona recovery,

i T uent gl S8r Zhage 3o ARGGHerk! bEANGY YoRRE e | 80 (BBPOE csor

effluent gases fromthe riser have an atnospheric boi

(288C) . Howewesver, fif thissamoRmitis igre@idaittin thaRigh\eent P& §iters t he
filters 5 can optionally be bypassed and this material used as the slurry.

The FCG pr oanssptnaliypbs dypassbtiamnt ted roatadiasltused asghe®ugystEne
converting a |light hydrocarbon feed stream preferably having a high olefin
content to RGE oproxtessl @neompasses @ dhyitzed aadalgtiby reantion eystémpi cal
propyl ene/ et hyl ene product ratio fromthe reactor can be 10 approximately
2.0. The FOoneading ai ligivehnydiocaxbdn deed stneami prefaratpy dundagramjgh
olefin-rich streams which may be available froman olefins plant or a
refinery, s@lgfinagontesit texamspduchsiate wichpiraptoppens and ethyener efheery

C4's, light nﬁggtha produced in thermal or catalytic cracking processes,
or the |ikelYPIGRWOrePYiens/eifwiene miogluct  ratics fpeinhdhe eteacier, canfieal |y at

10 approximately 2.0. The FCC reactor is very' flexible in that it can
process many olefin-rich streams which may be available from an
olefins plant or a refinery, such as, for example, olefins plant C./Cg
streams, refinery C,’s, light naphtha produced in thermal or catalytic
cracking processes, or the like.

15 With reference to Fig. 1, a superheated feed, typically at
800°F, is introduced via line 100 to the riser 102 where it is mixed
with hot regenerated catalyst supplied via line 104. If desired, steam
can also be injected into the riser 102 at this point. Reaction
conditions in the riser 102 are maintained as described in U.S.

20 Patents 5,043,522; 5,171,921; and 6,118,035; each of which is
hereby incorporated herein by reference in its entirety. The
hydrocarbon gases and catalyst flow upward in the riser 102, where
the cracking reactions take place. The hydrocarbon gases and
catalyst are separated in a sertes of conventional cyclones 106, 108,

25 and the product gases at a typical temperature of 1100-1200°F are

routed out of the top of the stripper vessel 110 via line 112,



800F, is introduced via line 100 to the riser 102 where it is mxed wth
hot regenerated catal yst supplied via line 104. If desired, steam can al so
be injected into the riser 102 at this point. Reaction conditions in the
riser 102 are maintai ned as described1hn U S. 20 Patents 5,043, 522;

5,171, 921; and 6,118, 035; each of which is hereby incorporated herein by
reference in its entirety. The hydrocarbon gases and catal yst flow upward

[ h [ 102 h K ' : d b
gases and catal Y Gger adeSah IRe" T35 EaRCoe XoORUERS odiialy U 2o 06,
108, 25 d qﬁgﬁ : [ f -+h290F

rout ed 03?%(_1}%&?}]2{ %og@osttgt e s rlljé;l)'pér {/ﬂgi‘ﬂéfiﬁ% %gﬁﬁrﬁeroﬂtga t%’4£)Theare

ef fluent g3apthdi b 332 GitfbrBe crfelifteli  CaaRR! & vadiiaifrom dhgaste heat

boil er (not”shown), and then are routed to a -“quench tower 114 where

entrained Gpf Sy ESntéRds With E:fr@métlr?]@ qUeReh &l CVémRladWAPoFficen! ating

quench oil. erhead vapor fromb5 t tower 114 in line 116 at a typical

t enper agur ahef ot 499Fin finet Te® dtodtigpidad teniperaturenst 2000400tF riscovery
facilities such as distillation towers (not shown) for recovery of

et hyl ene, phepylrented aed syriventiohadiuptsductatecowsrys épaitingésdsbyht as cycl ones
106,108 is collected at the 10 bottomof the stripper 110 and contacted

wi th st eamdistifatidrovioyvers (notrsipowakifduakecoydnocdr eiryleres prapylene

catal yst. The steam and hydrocarbons exit the stripper 110 with the other
ef fl uent gaaredothén piogiucidie cycl one 108 and line 112 as previously

mentioned. The catal yst then fl ows down through standpipe 118 into the 15
subj acent regendcatalystigepanated iy theyeyeloaes T08308tigcaliegted at the

10 bottom of the stripper 110 and contacted with steam (not shown) to
strip residual hydrocarbon gas from the catalyst. The steam and
hydrocarbons exit the stripper 110 with the other effluent gases
through the cyclone 108 and line 112 as previously mentioned.

The catalyst then flows down through standpipe 118 into the

15 subjacent regenerator 120. in the regenerator 120, the small
amount of coke that has formed on the catalyst is burned in the
dense phase bed 122 and catalyst activity is restored for
recirculation to the riser 102 via line 104 as previously mentioned.
Because there is insufficient coke to provide the necessary heat of

20 reaction to sustain regeneration at a typical regeneration
temperature of 1250-1350°F, additional fuel is necessary to
complete the heat balance on the reactor system. The fuel is

* preferably in the form of fuel oil, e.g. pyrolysis fuel oil, that contains
catalyst fines from the quench tower 114 as described in more detail

25 below, but capabiiity for adding fuel gas can aiso be provided to

supplement the heating if desired. The slurry is continuously



anount of coke that has fornmed on the catalyst is burned in the dense
phase bed 122 and catal yst activity is restored for recirculation to the
riser 102 via line 104 as previously nentioned. Because there is
insufficient coke to provide the neces3éry heat of 20 reaction to sustain
regeneration at a typical regeneration tenperature of 1250-1350F,
additional fuel is necessary to conplete the heat bal ance on the reactor
system Thestipplietdsto thecfegeanesaton 120efroon dhefsltiuyl surge, deurg. 124 via ysi s
fuel oil, that contains catalyst fines fromthe quench tower 114 as
descri bed i Hneok25,debighlis ZEsgned,fobmitigairepoietial@rosn.ng fuel gas can
al so be provided to supplenent the heating if desired. The slurry is
continuously 15 ASSESEERY tysteas: spdude tenvertpnal ohClhsystempyseeh ge drum

124 via line 126, which is designed for mitigatin tential eroQsion.
Aeceesary 96t dab eXABIRIRe Ao RUBRD GNP EANG 15 Gas naBdimgamy o,
air supply, catalyst hoppers.,and. fl ue gas handl,i 5. and heat .recovery. An
air comm es8HR PRBL FSFRNEIY- < AL RICSOMPTESTal GleSHONR) SURPUES I Yi5 on of

75 St s 500G cLIBRRabB, P MEHRE 86 A
and used) ool B Byl P Slar " VRNt GABRES LR S pRg 1©
regenerat or SEBQP)CQF@'Q’E@R/H& 918Pa§t6}ﬁ%r6ffmérl§&£ | 445 Q?ssed/égyﬁiﬁ?iuﬂﬁ mor €

cycl ones 13 desir a conventl age separdtor cyclone '

(ool cal v LSEYSE HeEs Eman e it aseror Bk amonees 201
catal ystg i reganéndof, 8% WeRRioWN in the an.

In the regenerator 120, catalyst is separated from the flue gas
in one or more cyclones 130. If desired, a conventional third stage
separator cyclone (not shown) can be used to minimize catalyst
losses. The flue gases are typically cooled by superheating high

15 pressure steam and vented. Spent catalyst, including fines from the
third stage separator, contain no or only trace amounts of poisons
found in typical refinery FCC catalyst due to the relatively cleaner
feedstocks used in the light olefin FCC process, and can be used as
an adjunct in concrete or brick manufacture or disposed in landfill.

20 The quench tower 114 includes a vapor-liquid contacting zone
130, which can include conventional packing or trays, disposed
above a liquid holdup zone 132. Effluent gas from line 112 is
introduced below the contacting zone 130. A recirculation loop 134
includes pump 136, heat exchanger 138 and return line 140 to

25 introduce a continuous supply of quench oil {0 liquid distributor 142

above the contacting zone 130. In the contacting zone 130, the

catalyst fines in the effluent gas are washed into the quench oil, and




third stage separator, contain no or only trace anounts of poisons found
in typical refinery FCC catalyst due to the relatively cleaner feedstocks
used in the light olefin FCC process, and can be used as an adjunct in
concrete or brick manufacture or dispodéd in landfill. 20 The quench tower
114 includes a vapor-liquid contacting zone 130, which can include
conventional packing or trays, disposed above a |liquid holdup zone 132.

Ef f | uent gaghéreffiuaniegas2isi sooied.r ofheeeffiieemiwgebetypocalbe eimerszdine 130. A
recirculation |loop 134 includes punp 136, heat exchanger 138 and return

| i ne 140 t o QR@rioh towetel 314caht80ﬂ:d)050§5p;ﬂryd afxitguahc20®i400°6. | i the d

di stributor 142 above the contacting zone 130. In the contacting zone 130,
the catal ysuerofesell ican e raaintaised igdwidup aenmdd2iattatempetatore®foi |, and

16 the effluent 8as is cooled. The effluent gas typi callé enters the
quench t owe35Pt408 t Fs@nd eeored 4pd36R-220% inoexatangerTisd agaksh @il can

be mai nt ai ned |n Idu zone 132 at a tenperature of 350-700F, and cool ed
to 300- 530F feed % MoBSie§Mnst a 5 feedstock streamor steam |f

desired, the quengh tome 4 can in Iude econdar cool in ne 144
above the primar ;}F 3°W§r 14rf3n '@Gﬁfqeg@r é?C%Wd%‘ry

purpa ound '%%@aé“ﬁgéa% e gﬁsgrﬁq‘;;zowﬁgﬁeﬁirﬁﬂ%?gfiza
coll ect or, EBifol ey @hﬁuwﬁé@w@a@aw BB Ak S LRub e o,
Lo SeSEE 45" cddhg T GEXRERL B P PREBQ RS Al | e 157
10 portion of the quench oil from collection zone 150 can be introduced
via line 152 into line 112 to provide initial cooling of the effluent
gases in mixing zone 154 upstream from the quench tower 114. For
example, 500-550°F quench oil in line 152 can cool the effluent
gases to 800-1000°F in the mixing zone 154.
15 A filtration loop 156 includes pump 158, filters 160a, 160b and
line 162 for returning filtrate to the quench tower 114, either directly
or via the recirculation loop 134. Backwash gaseous medium is
provided via line 164 to pressurize and flush the coliected fines into
line 166 and slurry drum 124. The backwash gaseous medium can
20 be selected from an inert gas, air and fuel gas. One of the filters
160a or 160b is in filter mode, while the other is in backwash mode.
For example, valves 168, 170, 172 and 174 are open and valves
175, 176, 180 and 182 are closed when filter 160a is filtering and
fiter 160b is being backwashed; the valves are switched after the
25 fines have accumulated in filter 160a and it is ready for backwashing.

The filtration is preferably continuous and should be at a rate that

keeps the fines level from building to excessive levels in the quench




-

15 Afiltration loop 156 includes punp 158, filters 160a, 160b and |Iine
162 for returning filtrate to the quench tower 114, either directly or via
the recirculation | oop 134. Backwash gaseous nediumis provided via |line
164 to pressurize and flush the collecygd fines into line 166 and slurry
drum 124. The backwash gaseous nedi um can 20 be selected froman inert gas,
air and fuel gas. One of the filters 160a or 160b is in filter node, while

the other i il préfecabipaiv msie. thanoD.sewaiihtpercahy tfedbthord frefdrgblpnd 174
are open and val ves 75, 176, 180 and 182 are cl osed when filter 160a is

filtering and mioret#vanlo(b weightpegcdrac it et mobee praleralslyane raiprd ched
after the 25 fines have accunulated in filter 160a and it s ready for

backwashi ngtharfH& 1f weiglatt pencerst finekeinabhy querichngilusAsnah shostrative at a
rate that keeps the fines level frombuilding to excessive levels in the
quench 17 oexampief ér abgyenalo towes rebeiving S0vo @00 (bsbroatdlystefinesor e
preferably no nore than 0.2 weight percent, and yet nore greferably no
more tHan 01 theeetiiueniegasnion example, (0 the/hehthan 50@0@nbsthrusifrati ve
exanmple, in a quench tower receiving 50 to 200 | bs/hr catalyst fines 5 in
the ef fl uenfiughsh el Bsipbe filberathsinhr ordatertosonadvairbsahcasalysiuench
oil must be filtered in order to maintain a catalyst. concentration of 0.2
wei ght per cERNCERtraREN A Q-Loveight SrreeRiintss reetchialiamioPr:ddfai ns a hi gh
concentration of _catalyst fines, .on the order of 10 to 20 wejght percent.
This: concentrati Jhé Gatkwash diiaing a:n ol CoRsRN eIy of CAlBSL MRSt o o't o
4 wei ght percent. by dilpt) Lkh fuel, oi |l _and/ ot circul ating quench oi
o The''s) b Pp The st of it larebnwelghtBeredBh ofnS chcBntioh Hadal o
that r ir | | he,rege ey | g
concentid, gc%dlljéé’(ﬁ &SWQﬁéﬁgablg VR RICOEAPR, 216 4 Waigh'BRreent,
by dilution with fuel oil and/or circulating quench oil in the slurry drum
124. The amount of dilution oil is preferably equal to that required
for combustion in the regenerator. If the fines concentration is in
excess of a manageable level, additional fuel oil and/or quench oil
15 can be introduced to the slurry drum 124 and this excess can be
recycled to the riser via iine 127.
If desired, the compressed gas can conveniently pressurize
the drum 124 so that it is not necessary to employ a pump to transfer
the slurry into the regenerator 120 via line 126. As mentioned,
20 quench oil slurry from the drum 124 is supplied to the regenerator
120 for combustion to supply the heating requirements and return
the catalyst to the regenerator-riser system; however, if there is
excess slurry, it can also be introduced to the riser 102 via line 127.
In this manner, the quench oil in the slurry supplied to the riser 102 is
25 added to the effluent gases via cyclone 106, 108 and subsequently

condensed in the quench tower 114, whereas the entrained catalyst



excess of a manageabl e | evel, additional fuel oil and/or quench oil 15 can
be introduced to the slurry drum 124 and this excess can be recycled to
the riser via line 127. |If desired, the conpressed gas can conveniently
pressurize the drum 124 so that it isygiot necessary to enploy a punp to
transfer the slurry into the regenerator 120 via |line 126. As nentioned,
20 quench oil slurry fromthe drum 124 is supplied to the regenerator 120

for conmbustjgopybatsdiRP aridierreeaintdd the dkigerierater and waihiithe bitrercat al yst
to the regenerator-ri'ser system however, 1f there is excess slurry, it

can al so_ besatalysedsosdered i thoeyckhRsvigs, 108 127.  In this mnner, the
quench oil in the slurry supplied to the riser 102 is 25 added to the

ef fl uent gases vinatheymdgurerafs, 1208see Figebs emded), Ithere tnd esterdpipe t he
guench tower 114, whereas the entrained catalyst 18 is eventually

transf err edi {®itand pdug eginer200@r 3penhicatalybe flowsedowrathe ysiandpipever ed
fromthe cyclones 106, 108. In the regenerator 120 (see Figs. 2 and 3),

there i § a st passesdhaougiplithg catbiyst 2000 \Gdvat2QQit Aljer peESIRY down t he
standpipe 5 118 and passes through the catal yst plug val ve 200. After
passi ng t hribughgh tbemplug valves20Qothe patalysteiangemditgetionianst {owi$ and
flows wupwardly through the annulus 202 of the spent catal yst centerwell
204 using alpwardyzZiyrodghghe arnudds iR @f She; ﬁBg‘i?Z@aE yat septerwelon ring
2010 et 980 o RS GRS PO S 1R B SRl e, anc
el g9 ALY hbir 1ElcaRotell 208 Bk Bk 20 2B o
Faci i ygt esy QLR Mbdilfh 8F Yhs?ehh B, 3br Dantdid’ Sedtn! aPSinkht gas,
and fuel gas. Slurry oil (line 126) and a fluidization gas (line 123) are
introduced through nozzles 204a. The fluidization gas, for example,
steam, facilitates dispersion and atomization of the slurry oil as it
discharges into the catalyst in the centerwell 204. The dispersion
15 steam and the slurry oil, which vaporizes on contact with the hot
spent catalyst, provide additional fluidization for the catalyst. At this
point, vaporization of the slurry oil is required. An oxygen-containing
gas is preferably not used as the fluidization gas here in order to
avoid, or at least minimize, combustion within the centerwell 204.
20 The catalyst is diverted outwardly into the dense phase bed 122 from
the circular slot 206 defined by the upper terminus of the centerwell
204 and an outer periphery of annular plate 208. The annular plate
208 is secured about the standpipe 118 and preferably has an outer
diameter at least that of the centerwell 204. In this manner the
25 catalyst is distributed radially outwardly into the dense phase catalyst

bed 122 well below its upper surface 209.




di scharges into the catalyst in the centerwel| 204. The di spersion 15 steam

and the slurry oil, which vaporizes on contact with the hot spent
catal yst, provide additional fluidization for the catalyst. At this point,
vapori zation of the slurry oil is requifiged. An oxygen-containing gas is

preferably not used as the fluidization gas here in order to avoid, or at

| east mnimze, conbustion within the centerwell 204. 20 The catalyst is

di verted out war diyhé memsehiuidizedk beldat22 isdaerated bynairtprevided biyaansl ot 206
defined by the upper term nus of the centerwell 204 and an outer periphery
of annul ar @ingddabat preierablytiakesthatformanigair distebutioa ring & Ot hEhet andpi pe
118 and preferably has an outer diameter at |east that of the centerwell
204. In thi glr@ahérhasﬁa dismeteabgtween the qute bdiasneterdfdheyceritenaetl y into
t he dense phase catal yst bed 122 wel| below its upper surface 209. 19 The
dense fl ui di24d assy theoouteradiameterhgl dhe gessedpbasg Bad 322 g ithet hat

preferably takes the faormof agir distribution ring 210. The ing 210 has a
E airet or Shet GBBRETHOT ok di det 116 oRETHOTL 0AlTe VAYEIS JPWar! TR8 out o

Lot et o SRR SRR Fub Mok oo PHSREISAS 12 e Sy e
dense P1aSe oiedaie e RBoShB inesboidoBt HHE MREREIS TotG R eSS 70,
e | SRR R 160 Sy BRI iy R e ey o e
et ey P 860, S22 A e By K e el Lo e
r1n3)2%i3'ur':é1 dhe yppitvangass 209 di hheabedf T2Pntbhenglikgddd emvhbiuraonaamdyst/ oi
heat generation within the bed 122. Typically, the regenerator 120 is
operated at 1250 to 1350°F, preferably from 1275 to 1325°F. The
convergence of the air from the ring 210 and the catalyst/oil mixture
from the slot 206 at relatively high velocities within the dense phase
15  bed 122 facilitates good mixing in a combustion zone within the bed
122 to provide uniform heating and regeneration of the catalyst. The
regenerator bed should be designed for a superficial vapor velocity
of between 0.5 and 7 fit/s, preferably between 1.5 and 5 ft/s, and
more preferably between 2 and 3 ft/s. The volume of the bed 122
20 above the air ring 210 should be designed for sufficient residence
time to ensure essentially complete regeneration of the catalyst.
Off gas is conventionally recovered oﬁerhead from the
regenerator 120 via separator cyclones 130 and an overhead line
212 (see Fig. 1). Since the regenerator 120 is operated in a
25 complete combustion mode, there is generally no need for a CO
burner to convert the CO to CO, before discharge to the

atmosphere, but one can be included if desired. More heat of




fromthe slot 206 at relatively high velocities within the dense phase 15
bed 122 facilitates good m xing in a conbustion zone within the bed 122 to
provi de uni form heating and regeneration of the catalyst. The regenerator
bed shoul d be designed for a superficigp vapor velocity of between 0.5 and
7 ft/s, preferably between 1.5 and 5 ft/s, and nore preferably between 2
and 3 ft/s. The volune of the bed 122 20 above the air ring 210 shoul d be

desi gned fogopyhdstiirens qm@@é@,eandih@né@ less Uil esils Rnhiealded, agher et e
regeneration of the catalyst. Of gas is conventionally recovered overhead

fromthe regensietd comBlstiom isaphieved. dyxteseairlidgOgendraly aveidegad |ine
212 (see Fig. 1). Since the regenerator 120 is operated in a 25 conplete

conbusti on todeast Aepeacticajemattdrl v mlightesikdens as Qieetied nfy dchiewmvert the
CO to C02 before discharge to the atnosphere, but one can be included if
desired. Mcenpete cbntiustmrbusti on is generated, and hence | ess fuel oil

I s needed, when conplete conbustion is achieved. Excess air is generally
avoi ded,5 but as Theregehertoratd@can de gperateck yth or neitiedt BoCAehi eve
conpl ete conbustion. 5 The regenerator 120 can be operated with or w t hout
a CO pronoPEeMAtehi ypicallyaaceatalyalt sualt rsapladinamnuhichitis gemsaidymonl y
added to pronpte the conversion of COt 2 T | ower portion of a prior
art side byaskded leoptrmeteihs Cﬂ@@rﬁ'%&(ﬂ&%tt@reée- shown in Fig. 4. Catalyst

Val ve 416, and a TenIOYSTpBIom &Y shBLOBATESiSR BY e poryEnbRBE K50 ext end
Pﬁlt gwt Lgedgﬁéﬁégéﬁtfo??se shdin M Fttgh.e4.d%9a$t§ly%?qs 1é4 'to?ﬂ%%%%ingpat%rrviés fed
10 an angled pipe 414, a catalyst slide valve 416, and an inlet 420. The
ends of a pair of hydroclones 430 extend below the upper surface
209 of the dense bed 122. Combustion air is fed into the dense bed
122 via an air feed apparatus 409.
The regenerator 400 shown in Fig. 5 is according to the
15 present invention and is useful in a FCC unit having a side by side
configuration and can be substituted for the regenerator shown in
Fig.4. Whether in a new installation or as part of a retrofit, such a
regenerator 400 provides greater feed versatility to accept
conventional or light feeds, since a fuel oil, guench oil or slurry oil
20 feed capability is provided when processing light FCC feeds in order
to provide the necessary heat of reaction.
The angled pipe 414 for catalyst feed no longer terminates at
- the inlet 420 as shown in Fig. 4. Rather, angled pipe 414 is coupled
via the catalyst slide valve 416 to angled pipe 417 that extends
25 therefrom substantially to the vertical center axis of the regenerator

400 and has a vertical stand portion 418 extending therefrom into the

centerwell 204. A deflection plate 450 is located below the lower



122 via an air feed apparatus 409. The regenerator 400 shown in Fig. 5 1is
according to the 15 present invention and is useful in a FCC unit having a
side by side configuration and can be substituted for the regenerator
shown in Fig.4. Wiether in a nEMlinStQ | ation or as part of a retrofit,
such a regenerator 400 provides greater feed versatility to accept
conventional or light feeds, since a fuel oil, quench oil or slurry oil 20

feed capabi bhiy oS tReC\tdRd WoRIoR" 89853bNGebilrBbl HeC gt floWidg! !0

provi de the necessary heat action. The ang pi pe for catlal yst

feed no | ongedr ﬁfdﬂ'cggﬁt e:I'J?é r_etrﬁﬁmarféceéorﬂ Bnasis ing N iké Ireférefmsd her

angl ed pipe 414 is upl viat atal yst slide vaFve 416 to angl ed pipe

417 that exphenseradd ak@AsShrae Srelidigtigatds, to the vertical center axis of
t he regenerator 400 and has a vertical stand portion 418 extending

therefrominto tftresntan VECC 20, of si@élbscsiden cohfigeratih itmvimgad ed bel ow
the lower 21 end of the stand portion 418 to redirect the catal yst fl ow ng

t her et hr®ugbonVeationahregereratondoeekanipie) the redenereter shown inurigr al s are
as in the previous figures. Further, an FCC unit of side-by-side

confi gur at i dn chavibegoavehtedoovieeta coavetegd{eCairat having axegpheratohe
regenerator shown in Fig. 4, can be converted to be a converted FCC unit
havi ng a red@feasbowri00Fis SHberebhn retiycing themanita) costruasagciated capi t al
costs associated wth the fabrication of a new regenerator. The air supply
assenbly 480thwie dabecatem\aica Nev reganerater: boa aif supaly assemedi um 10

netal [od ab60NMUHTEPS aremaYEdof THes CRBBMEREEH i W RIZAIOR: TEEHLER vel

' 10 distribution ring 204b and fuel distribution nozzles 204a would be
instalied at the interior base of the regenerator within the centerwell
204. The air distribution pipe 210 would be installed around the
centerwell 204 and below the radial slot 206. The circular deflector
plate 450 would be installed within the centerwell 204. Pipe 417 with
15 the standpipe portion 418 and annular plate 208 would be installed
such that the end of the stand portion 418 extends into the
centerwell 204 a sufficient distance above the deflector plate 450 to
allow flow of the catalyst and provide adequate deflection of the
catalyst flow direction for mixing the catalyst with the fuel oil
20 vaporized within the centerwell 204. The hydroclones 430 may or
may not have to be replaced or reconditioned or repositioned within
the regenerator 400 such that their ends extend below the upper

surface 209 of the dense bed 122.
The present invention is illustrated above with respect to
25 specific embodiments. Various changes and modifications will occur

to the skilled artisan in view thereof. It is intended that all such




204. The air distribution pipe 210 would be installed around the

centerwel |l 204 and bel ow the radial slot 206. The circul ar deflector plate
450 woul d be installed within the centerwel|l 204. Pipe 417 with 15 the

st andpi pe portion 418 and annul ar plat§ 208 woul d be installed such that
the end of the stand portion 418 exten 2 into the centerwell 204 a
sufficient distance above the deflector plate 450 to allow flow of the
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centerwel | 204. Th roclones 430 may or may not have to be repl aced or
recondition@gﬁgﬁcﬁgﬂgéﬂ?ﬁgned within the regenerator 400 such that their
ends extend bel ow t he upper surface 209 of the dense bed 122. The present
invention is illustrated above with respect to 25 specific enbodi nents.
Vari ous changes and nodifications will occur to the skilled artisan in
view thereof. It is intended that all such 22 nodifications wthin the
scope and spirit of the appended clains be enbraced thereby. 23 dains 1
1. A nethod for recovering fines froma light FCC-type effluent 2 gas,
conprising the steps of: 3 (a) supplying quench oil to a quench oi
inventory to 4 maintain the inventory in steady state; 5 (b) contacting
the effluent gas with the quench oil to cool 6 the effluent gas and wash
out catalyst fines to obtain a cooled 7 effluent gas essentially free of
fines;



8 (c) returning the quench oil fromthe contacting step to 9 the

I nventory; 10 (d) continuously recirculating quench oil fromthe 11

i nventory to the contacting step; 12 (e) continuously separating fines from
a streamof the 13 quench oil fromthesi nventory to recover fines and keep
the 14 fines frombuilding up in the inventory; and 15 (f) slurrying the
fines recoviggﬂpéron1the separation 16 step. 17 2. The nethod of claim1l
wherein the cting and collecting 18 steps are effected in a quench

[ ower compr itsi ng A3Rethdd §o7 fecdve it iiHels BRI iBheFEE- B! efffuchine

hol di ng the inventory. clarm onprising

cooling phe 2 reg klatbefore the contacting step. 1 4. The
met hod o% clain1%ﬁﬁﬁggtﬁﬂﬁgﬂgqgggg?g§f§h step conprises 2 filtration. 1 5.
The methgd of clai m 4 (ahesgplyinge gelenedMollMd € guenichabilomvaery 2o S
continuously passed through a first filter in a filtration node” 3 to
separated4the fi ne-aaml'@imethleoimvmtdrg ia geg@p@téti@t ter in parallel 24 4 with
the first filter is in a backwashing node to renove the 5 separated fines
therefrotn 1 6. The n¥bhaedntdctirigathe Bffivesteias withtthetqudnahnoilhe dool st
filter is 2 returned to the inventory. 1 7. The method of claim5 wherein
t he back@ashi ng dhetafduant paasand svasieotit catalystuines to obiain 8 eooled
periodically alternating the first and 3 second filters between the
filtratidn and b&kuverhgag esseatally free of fines;

8 (c) returning the quench oil from the contacting step to
9 the inventory;
10 (d) continuously recirculating quench oil from the
11 inventory to the contacting step;
12 (e) continuously separating fines from a stream of the
13 quench oil from the inventory to recover fines and keep the
14 fines from building up in the inventory; and
15 (f) slurrying the fines recovered from the separation
16 step.
17 2. The method of claim 1 wherein the contacting and collecting
18 steps are effected in a quench tower comprising vapor-liquid
19 contact elements and a bottoms zone holding the inventory.

1 3. The method of claim 1 further comprising cooling the
2 recirculated quench oil before the contacting step.

1 4, The method of claim 1 wherein the separation step comprises

2 filiration.
1 & The method of claim 4 wherein the stream in the filtration step
2 is continuously passed through a first filter in a filtration mode

3 to separate the fines therefrom while a second filter in parallel



1 8. The nethod of claimb5 wherein the backwashing includes at 2 |east one
conpressed gas pul se through the second filter for 3 fines renoval. 1 9.
The nethod of claim5 further conprising collecting the fines 2 fromthe
backwashing step in a holdup vessel andgadding a 3 heavy oil to forma
slurry. 1 10. The method of claim9 wherein the heavy oil is a portion of
the 2 quench oil fromthe inventory. 1 11. The nethod of claim9 further
conprisifg i ntrogyed NHet et Silter i i d bavkWashived dupdeess ebnidveo tise cat al yst
regenerator in a light 3 FCCunit for conbustion to regenerate and heat
the catagyst. 1 b@pamﬁgmﬁmégmgfefmmj m 11 wherein a rate of makeup quench
oil 2 is balanced with a rate of slurry introduced into the regenerator 3
to keep B sGeady Tdr@umethafd gfiesiaim ob lwherdihdiltrate rframythel fitst fikesyst em f or
recovering fines froma light FCC-type effluent 2 gas, conprising: 3 nmeans
f or cont2 nuousl y returnadttorthetineenfdriyuent gas with 4 a heavy oil to cool
the effluent gas _and wash out the fines 5 entrained therein to obtain a
cool ed effl dent dJde setbadiaf ¢lgimé® wheseisr thenbaskwaghingnekthest Ieagbans f or
collecting the heavy oil fromthe contactin 8 step in a liquid receiver;
9 nmeans 2or cont iongolikerfurthen coMpIiseg RENO @éUX/aBﬁPnﬂltmﬁnthq Ir$th@nd i qui d

i ver_to the contacting step: 11 f i ng the h il
the Iiqud recei wecongfiigiedigesn neGiras #id Packhashiei9eses from

the heav‘?’ OI8'. The method of claim 5 wherein the backwashing includes at
2 least one compressed gas pulse through the second filter for
3‘ fines removal.

1 9 The method of claim 5 further comprising collecting the fines

from the backwashing step in a holdup vessel and adding a

w N

heavy oil to form a slurry.
1 10. The method of claim 9 wherein the heavy oil is a portion of the

2 guench oil from the inventory.

—e

11. The method of claim 9 further comprising introducing the slurry
from the holdup vessetl into a catalyst regenerator in a light

FCC unit for combustion to regenerate and heat the catalyst.

- W N

12. The method of claim 11 wherein a rate of makeup quench oil

is balanced with a rate of slurry introduced into the regenerator

w m

to keep a steady amount of quench ail in the inventory.

—l

13. A system for recovering fines from a light FCC-type effluent
gas, comprising:

means for continuously contacting the effluent gas with

a heavy oil to cool the effluent gas and wash out the fines

entrained therein to obtain a cooled effluent gas essentially

G O B W N

free of entrained fines;




13 and collect the fines in the at |east one filter; 14 neans for at |east
periodically backwashing the at least 15 one filter to renpbve the
collected fines; and 16 nmeans for producing a slurry rich in fines using
the 17 collected fines and a slurry 025 selected froma second heavy 18
oil, a portion of the heavy oil, and a conbination thereof. 1 14. A system
for recovering fines froma light FCC-type effluent 2 gas, conprising: 3 a
guench t-ewer havi ng an.i t Vi ehi | t i
vapor - | i-)gui d contacti n?"gé§+§r$8ﬁ?rs°"§?§§9stew§%{% {){I emlﬂﬁl teqél c%c"\?%?“%%ol i ng

the efflgient gas sgalinasitjuid reeéiviehe fines, a gas 6 outlet above the
contacting elements for dlscharging cooled 7 effluent gas essentially free

of entrajned fines, afﬁﬂeé‘néif@llb'idénti%ub@'sﬂk'@eéﬁﬂ!flﬂaﬁﬁ%]QWetI"iéawi/wlj"cﬁltfrbﬁi
collecting the quench oil from 9 the contacting eTenents; 10 a

recircujation | queﬂiquid:muémgpt@me cgqigg:mgagfepg the 11 quench oil from
the liquid holdup zone to the contacting 12 elenents; 13 at |east two

filtersttlternatinglymganafbepassing theheawyaidfroint the diguwic necgivendes; 26
15 a filtration loop for circulating quench oil fromthe liquid 16 hol dup
zone tMdugh a fithtough ab-leasteohel filker tmdemeiver finag fram fhd heavg o0ib t he

| i quid hol dup zone; and 18 a backwashing | oop for passing a conpressed gas
19 throl@h a baclarastoliagidheifinesrindhe atesstiooeddteri nes 20 therefromto a

slurry collection zone. o ]
14 means for at least periodically backwashing the at least

15 one filter to remove the collected fines; and

16 means for producing a slurry rich in fines using the
17 collected fines and a slurry oil selected from a second heavy
18 oil, a portion of the heavy oil, and a combination thereof.

—r

14. A system for recovering fines from a light FCC-type effluent
gas, comprising:

a quench tower having an inlet for receiving the effluent
gas, vapor-liquid contacting elements disposed above the inlet
for cooling the effluent gas and washing out the fines, a gas
outlet above the contacting elements for discharging cooled
effluent gas essentially free of entrained fines, and a liquid
holdup zone below the inlet for coliecting the quench oil from

the contacting elements;

—r
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a recirculation loop for continuously recirculating the

—

quench oil from the liquid holdup zone to the contacting

—
3%

elements:

—_
9y

at least two filters alternatingly operable in filtration and

-
B

backwashing modes;




1 15. The systemof claim14 further conprising a quench line for 2
introducing the effluent gas into the inlet, the quench line 3 including a
m xi ng zone for receiving quench oil to cool the 4 effluent gas, and a
filtrate line fromthe filtration-nod ilter to 5 the m xing zone for
supplying the filtrate as the quench oiT. 1 16. The system of claim 14
further conprising a line for supplying 2 nekeup quench oil to the quench

tower. 4k 17. The Systsrmﬂéugh%splfﬁrfarémgﬁn r}c‘H B fYaae liguidie 2.

backwash and recircul ation or selectiv acing the

filtratyigon and bgg feﬂﬁ%ﬁrkdf%%ro& ﬁ8a Wﬁaﬁ?ﬁﬁirﬁﬁdéf fitepl ghd4 rédirhitgy

conpr|5|ng a sourc onpre d gas, line fromthe source to the
backwaghi ng 3 'f?l‘?t%ate%%é m@lid/ﬁoudups henki aﬁdfor pul sing the conpressed gas

4 into the backwashing loop to facilitate fines renoval fromthe 5
backwaglg ng- mode filtgr pagkivaghigr loppe dbl esassingzaneompressed gas
19 through a backwash-mode filter and introducing fines

20 therefrom to a slurry collection zone.
1 15. The system of claim 14 further comprising a quench line for
introducing the effluent gas into the inlet, the quench line
including a mixing zone for receiving quench oil to cool the

effluent gas, and a filtrate line from the filtration-mode filter to

g A W N

the mixing zone for supplying the filtrate as the quench oil.
1 16. The system of claim 14 further comprising a line for supplying

2 makeup quench oil to the guench tower.

—h

17. The system of claim 14 further comprising valves in the

backwash and recirculation loop for selectively placing the

w m

filters in filtration and backwash modes.

—h

18. The system of claim 14 further comprising a source of
compressed gas, a line from the source to the backwashing
loop, and a valve in the iine for pulsing the compressed gas

into the backwashing loop to facilitate fines removal from the

O AW N

backwashing-mode fiter to the slurry collection zone.



