1 CATALYST REGENERATOR W TH A CENTERWELL 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 CraCkilQrégAi.tFCC)T Séstem with the reaction conditions
described, for exanple, irC Ehitls BEGAENERAT Q&Y shon et al . ;

5,171,921 to Gaffney et al. ;WFFF@Al@L@_Fﬂ'EHW |_aI. In this system
particul ated catal yst and feedstock enter a reactor under specific
reacti on corfdiBLDRF THE INSAENTHON fl uent is processed in a 15 series of
cycl one separators, usually housed in a vessel, that separate nost of the
catal yst from t heThéfpresent iovestioegelmeatteccdtalyst recpobsy frona a kglener at or
and then to the reactor, in a manner simlar to conventional refinery FCC
oper at i ofis. FGE-typenl gftudrdanandt alss f taieregererasionr wh tthe cgchveres are
then cool ed and separated by 20 fractional distillation, for exanple, into
the product Gedadstt uents. There are, however, some significant differences
between the _light olefin FCC process and conventional refinery FCC

oper ati ons. BALH, MY Gled R ANAMEINTIQMNyduce an ef fluent that has
significant quantities of heavier hydrocarbons that are condensed in a
quench 25 tower. Hh@scbeenfroposed ivopragiusentightt oledimsdslgh aatethylene
entrained in he effluept, that is n repoved by the cyclones, which is
collected R R@Eﬁ%ﬁ/ﬂ&mHDWW(%Q@&?@%’@M%@%WW@ ideline MeNg @ner to

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, panriculated catalyst and feedstock enter a reactor under
specific reaction conditions. The reactor effluent is processed in a
15 series of cycione separators, usually housed in a vessel, that
separate most of the catalyst from the effluent o be regenerated for
recycle 10 a regenerator and then to the reactor, in a manner similar
to conventional refinery FCC operations. The catalyst-lean hot
effluent gases from the cycilones 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 quench tower to

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




formslurry oil. Slurry oil fromthe quench tower is often difficult to 2

process and/or dispose of; frequently it is burned as a fuel oil. In the
light olefin FCC process, there are onl2 very mnor quantities of heavier
hydrocarbons in the effluent gas, i.e. a relatively high ratio of catalyst
to fuel oil, so the renoval of the catal yst fines becones 5 problematic

because there is very little heavy oil recovered and any 'slurry oil"
woul d have a nuch hi h%&@cat%l%%st | oadi nﬁ}ét han in the case qof the
convent i onal PiosEsscaNd/etdispere &4; freausphk it isquiraedmas aduel gt 1BI1tBEi n FcC

process is th regen lon of the catalyst recovered fromthe riser
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catal yst regenes af tied caRdehfiénAprsfirdry FRCtHBBesg0 I n a conventi onal

gasoline FCC process, it has been suggested that supplenental fuel such as

fuel gas or fuel AhbtHdrorigbueoiih) then lighti lefidudedC npddse riegeherator to
achieve the tenperatures required for catalyst regeneration and the heat

of reacti onredjariergtionrofstrendntalyst sccrparadifoor, tHeorisex affluent biiehe25
starting-up the unit, to achieve an adequate regenerator tenperature.
However 10as ¢yioaesappithe aanventiona sefineryrkCar gnitosignificant 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 to support catalyst regeneration and the heat of reaction.

20 In a conventional gasoline FCC process, it has been
suggested that suppiemental 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
.react'ron 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



adequat e systens known for introducing fuel into the dense phase 3 bed of a
FCC regenerator processing | owcarbon catal yst, for continuous operation.
Further, there is a need for a light ol &in FCC process and system capabl e
of processing a light feedstock that conventionally 5 yields inadequate
coke formation, yet inproved sonehow to achieve the heat of reaction
required in the reactor. SUMVARY OF THE | NVENTI ON The present invention
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tower and regirecul at] .t he quench tower oil to wash catalyst fromthe
ef fl uent gas(gérﬁﬁrge/gu$ g@@\%@%g a slurry of the catalyst in the fuel oil
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regenerator,” and at same time can €limnate cataly l osses I1n the

ef fl uent gastheZfedhéf RSRARIN rédqUifsd iPthe feactBRt hod and system for
recovering fines froma light FCC-type effluent gas. The feedstock for

such a |ighBUMARYtOFsTHES BSIENIJON hat conventional |y yi el ds i nadequat e
coke formation, for exanple, a C4 -Cl2 feedstock, preferably a C4 -C8

f eedst ock. Cracke@ihgaspresendmintentienctaddreseesodhed tatatiistedtargfiingpnt act
with circulating oil, for exanple, in an oil quench tower. The catalyst
fines carri groilems inethetighbelefin Flebiprocesadyied above rpraferably 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
15 for catalyst regeneration and the heat of reaction. In this manner,
the fuel oil supplied for catalyst washing from the effiuent 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, -C4, feedstock, preferably a C,-Cs
feedstock. Cracked gases from the reactor are cooled by direct
25 contact with circulating oil, for example, in an oil quench 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



the gases. A circulating oil punp-around | oop cools the gases and 6 vessel.
The separated fines are conbined with a heavy oil, such as fuel oil or
guench oil, to forma slurry, preferably in the hol dup vessel. The

el ectrostatic precipitation process is simlar to the filtration procedure
insofar as nultiple units are on-line, collecting catalyst 5 fines, while
one or nore are being backwashed. This backwash step utilizes clean fuel
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parallel. T rocl one operates 5 the sane principal as a cycl one;

speci ficagl | YineewWHild sgalorf Pove dré BEiRg bdckwiiticat ThidBaskivaghdteat al yst
particles. Two stages are necessary af a mnimumto concentrate the

under f 1 ow stutiiags dleinc flily oilt dve cirgntitirly quenchmoilhe Tinedsepkeatton $520 to 40
percent of the total flow. The requirenents of this process dictate that
t he solids lec2dnpléstezht bpt edlucing hanurelectridabwiisld eatnoski @éh packingo 10
percent of the total inlet flow. By exanple, if the circulating oil is
50, 000 | bs/ hmediwm. t h&€atatyst uplariclesi s1rs, donizegs/and/or hpplanzethetndnder f | ow
must be 10 percent of the total flow or 31.6 percent from each, stage
(0.316 x 0coliected at)contact poiys inethes packingnBediu@. uktrmervans! th@m each
stage 25 be identical, but the net underfl ow nust satjsfy the fuel oi
r equi r eh@nt PW%’%%@PPBWM@E@H by descyating 5o aeherPachty K r o
flushing the freed particles.
The hydroclone separation process preferably has at least two
stages of hydroclones 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 underiow 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
0.316 = 0.1). t 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.



val ves 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 distribute the fines in the 7quench oil. The slurry fromthe
hol dup vessel is preferably introduced into a catalyst regenerator in a
light FCC unit for 5 conbustion to supply the heat requirenent of the FCC
process. Slurry in excess of that required for conbustion can be

ft1 uent - gas. The SHAREdS (miseh bS; pORTRG tinhes pubrn, AREirEm. | MO the
i , eci i kb, b 40 h
l£|¥22i,°r tyheéﬁ?ﬁeﬁﬁ s svedt 3 éﬁ‘-fg%? afo, FarthE, é’ﬁ#i@?te ?ﬁ%ﬁ@?@? s r om
i FCC; : i :
quenan of I CBSRET Gl Al PSR IBHT R hORMINectRAnrs | Bletetebhy v! N0

contact i ng e &h{ddeitodss ditblyst Mfegeentdr ol d dieRoIFCEe wif Ifvent gas

and wash out catalyst fines to In a cooled effluent gas essentially

free of §ineggmp@ansm fter supphttRéNBebhaeguidatient bf fthemFCE pridews.i ng step
to the inventory, neans for “continuously recirculating quench oil fromthe

i nventory t &luirheincentass iofothelt equireantorf combesstioat cag e nesofiuceda stream
of the quench oil fromthe inventory to recover the fines and keep the
fines 20 fr ¢miobiing Baionin the FGCiumibwherg it endapenaed ko Wleuelflpieny t he
fines recovered fromthe separation step. A further aspect_ of the

i nvention i gas. shha enakewp rquenadr b gart bacadded dirgdtlyde: thecomebenyef f | uent

gas that includes a quench tower having an inlet for receiving the
ef f1 uent gashe vapiseuiation laopan agthefjitesbackwashs di sposed above the inl et

for cooling the effluent gas and, washi ng .out the fines, a gas_ outlet above
t he coni@ctgi ng e|l@rﬁ§mtgef%,spect, the presenc{ mvenﬁon prowdses a &s?emuftor

recovering fines from a light FCC-type effluent gas. The system
includes means for supplying quench oil to maintain a steady state
inventory thereof, 'means for contacting the effluent 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
quench oil from the inventory to recover the fines and keep the fines

20 from buiiding up in the inventory, and means for 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 cooted effluent gas essentially free of entrained fines,




di schargi ng cool ed effluent gas essentially free of entrained fines, 8 and
a liquid holdup zone below the inlet for collecting quench oil from the
contacting elements. Arecirculation | o®p is provided for continuously
recirculating the quench oil fromthe |iquid holdup zone to the contacting
el ements. At least two filters are alternatingly 5 operable in filtration
and backwashing nodes. A filtration loop is provided for circulating
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quench line’i xi'ng zone for recei ving quenc coo

the eff!yenfogg,éer\apamﬁ Mtratibh ahe b%?@m&éﬁiﬁd heodéd.t M Al HiRRtiBAfodp liker to

the mxing z or supplying the Itrate™as the quench oil. |1 ne can

be provi ded grevidaeP Aoy BRcORKAEP qliesi® ciPiflomo th&eiiguianHoldopesone to the
recircul ation | oop. Valves can"be wused in the backwash and recircul ation

| oops for sehemidglyed yiibtaaionmode tierf ahtlersturning Iftitratd go dnel lpdéwash
nodes. The system can also include a source of conpressed gas, a |line from
t he source twithp zdrekwabackeakbimg lcapdisaproadided ifor téraolingetifeofingal si ng
the conpressed gas into the backwashing loop to facilitate fines renova
fromthe baokeatsd ng- theldilten asd. passing: tegscelgcted: Enaat tav @ yslawry
additionally, includes a line for _supplying the slurry fron1th? slurry

col | ect1@n Z@Hectignizaneg.cabthgavnoil, for example, fuel cil or'quench oil from

inventory, is added to the slurry collection zone to form a slurry of the
collected fines therein.
The system can also include a quench line for introducing the
effiuent gas into the inlet, the quench line inciuding a mixing zone for
15  receiving quench oil to cool the effiuent 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




the FCC unit. Preferably, the systemcan include a line for supplying 9 the
slurry fromthe slurry collection zone into a dense phase bed of a
regenerator for receiving and regenera® ng catalyst fromthe stripper for
recirculation to a FCC reactor that supplies the effluent to the stripper.
Preferably, the regenerator includes a mxing zone for 5 mxing the slurry
and the catalyst fromthe stripper and a discharge zone for introducing
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rovides a catal yst “15 regenerator

for regeper ﬁ‘ﬁki’f‘@eﬁf%@}urw @d ﬁ@icﬁf’élgév%m the stﬁgpéﬂ@rn@t ardisophtges a

regenerator ves ousing a dense phase catalyst bed, a central upright

st andpi pe pephbofhrf Ritré@EhYi e triktuEP¢SMCtHealmisding ezdre neigunettas ed, and
a centerwell receiving a ower end of the standpipe portion and defining

an annul us Hehgegshade b@, Prefetabpebpiow itbe tapdofathe dende phaseebed. of t he
centerwell. There is a valve for controlling the introduction of spent
catal yst frJimet heixingt aodei ipepredetdbdy amtamnules aenirally. disposes whiibodi ment
useful in an FCC unit having a central vertical standpipe configuration,
the val ve the |derse phasea becwe T hendegeneratosteaiifiaye gopUbRSenMAIEn i s at
the 25 | ower end of the vertical standpipe. |n another enbodi m=1n the FCC
unit i s1®f gistribetary fei detraduchie @& PMIaNFIRIGIRING LaSa AHACEN e val ve

discharge zone, preferably in the form of a pipe ring with perforations

or multiple nozzles or, alternatively, a pipe grid with muitiple branch
arms around the annulus and below the discharge zone.

Still  further, the present invention provides a catalyst

15 regenerator for regenerating spent lignt 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 jower 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



located in the pipe angled into the side of the regenerator. The 10 angl ed
pi pe extends to the center of the regenerator and the standpipe portion is
attached to or forned as part of the ed® thereof - A fuel distributor is
provi ded for introducing fuel into the centerwell for mxing with the
catalyst in the annulus. A fluidization distributor is 5 provided for

I ntroducing fluidization gas into the centerwel!l for quidizing t he
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subj acent ey EAdHBLAGH! @' oldlidelior BB RSIMOTnG] éertermeine dense

phase bed. rge outlet 1s1n comuni cation with the

dense phase spegh; |r/§{\~ﬁbfth83c§atﬁl hﬁlftﬁ@ adel@é mﬁﬂumiém@dmrmumrqgtlon
p e a

wth a dilute a ove the ense phase bed. The regenerator can also 15

i nclude & seupoRIeRf foreintPdduding smhmg gae fimﬁtl thiel cemtéivee!f Uieir

di stributor, a fluidization medium source for supplying a fluidization

medi um whi me@uzn@ tlae eatyyen-inaheaanhowsgad\ rddial sletnisl formedamthean inert
gas, and fuel gas to the fluidization distributor, and/or a steam source

for optionaldentstwell viongirgtozhuoing thee datelysti and i fuef omixtace Tieny dbener at or
can further include an air preheater for heating air prior to introduction
t hrough t he ainulds snto be aensephasenped below a9 upper surtags. thafeeher
aspect of the present invention is providing a method of converting an

ori gi nal FCAmrdit cistribudionbiingi @e Rt[@elfqhgtﬂt&t Poris thisposes indheeAEBEEFCC uni t
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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 fiuidization
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
start-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 angled

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



spent catal yst supply line attached to the spent catalyst inlet, and a 11
catal yst slide valve in the angled supply line. The regenerator has a

spent catalyst inlet, an air inlet andl&n air distribution assenbly
attached to the air inlet wthin and near the bottomof the regenerator.
The conversion involves replacing the original 5 regenerator with a
regener at or accordi ng to the present invention. In one enbodiment of such a
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and connect ed 101} N5nSREPhORRNY 1 SUBR! ¥ bohFrsidhta c¢mﬁqa{b phe has an

angl ed portion at a S|n1Iar angl e ed spent catal yst

supply | i nepraseh it ﬁortheogmétpsdarh@maeéafer%QVM@tmeatéla yo the

st andpi pe porti on. ovver en st andpi pe portion extends into the

centerwel I geaamitilg cﬁ th@dle@erﬁérﬁtor batawraniElk igimstkied Mratise antéribhe top
edge of the centerwel|. | oner end of the standpipe portion is spaced

above the dpbhiesh @f thel %@rﬁ@ra&bﬂ ow fluidizafiors gy irdet alngsat tdastughe t he
st andpi pe portion 25 and provide deflection of the spent catal yst flow

directiih féwelhinkatng providechmougdht thieybottoi bf theeregehetdtat withivdperi zed
within the centerwell
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
installed and connected to the spent catalyst supply inlet. The
internal pipe has an angled portion at a similar angle 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 centerwell creating a radial slot
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



when the nodified FCC unit is operated. An air distribution pipe is 12

i nstall ed around the centerwell and below the radial slot and connected to
the air inlet. BRIEF DESCRI PTION OF THHDRAWNGS Fig. 1 is a sinplified
schematic process flow diagramof an 5 FCC unit, including an oil quench
tower, used to crack light hydrocarbons, according to one enbodi nent of
the invention. Fig. 2 is an enlarged el evation of a |ower portion of the

Crurry. of ufistledt dobfic 6% UG CERE KiiowraRe; rddiunsiot St cuer

according t [ Fig. 3 is a plan of the regenerat or of
Fig. 2 as sgzéﬁ}??dé%aﬁﬁ%eéwmé{3 3inFig. 2. Fig. 4 (prior art) is an

enl arged el ey@lfip Eé@]p}p@m@ptﬂq ﬁ aVIK nerat or having a side entry
for cataly husedp-or—regwrevmg-—gﬁﬁwﬁvlﬁi n a conventi onal si de by
si'de FCC Uni t. . F'igi 51 Ii§ é‘%tﬁﬂilﬁl@%ﬁgcﬁéﬁ‘é@@ EFbégssaflbWa@%rnH'@f”

anot her enbodi men a regerierat or accor g to the present invention for

regener ai ng-Gat auryst |h6|u@|rh%9Bh | vdr, FUSelNkd bPack Siight by
si de configuration. 20 DETAILED DESCR PTI ON OF THE | NVENTI ON The present

i nvention i shyairoehhsshsstersireitd ohelenbudrhast of ineemvensiont he 1ight FCC
effluent and regenerating spent catalyst. As wused in the specification and

claims, a |light HEg.udits @n perdasged i slevationi of whi Kwdrh@amyon ooairthen
feedstock to the FCC riser has a very 25 low resid content such that there

i s insufficiregenesaiosnotidpgsitt éor segenerativg alyalyst in sudight FCGroadit i on f or
regenerat| Onusv:ﬁnéhsﬂldtrryaof the fines from the filter backwash of the oil guench
10 tower according to the present invention.

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

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

15 catalystin 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 insufficient carbon deposited on
the catalyst to sustain combustion for regeneration without a

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




suppl emental fuel source, and there is insufficient fuel oil in the riser
13 effluent for conventional slurry oil _recovery, i.e. less than 2 weight
percent of the hydrocarbons in the reat8or effl uent gases fromthe riser
have an at nospheric boiling point above 550F (288C). However, if this
anount is greater than 2 weight percent, the filters 5 can optionally be
bypassed and this material used as the slurry. The FCC process enconpasses

St 1 oam pr of e T oRPEMICHR" YERETbI BEREY T8 Togs Shen. 2 HEERY 70, T
he’ T eact or PR BaCL e S ochtRaris in TGP SR BHIERO BaBBE e i . bl 6
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froman ol esl ns plant or I nery, as, for exanple, s pl ant
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catalytic cracking processes he |ike. h reference to Fig. 1, a

super heaj edcéﬂ%btiddéli;ﬁ@é'tﬁrp@sseﬂ% thig rmatsmguesst ¥sahkigierryO0The t he

riser 102 where it is mxed wth hot regenerated catal yst supplied via

line 104. | thgs?r@gbs§tammpa$s@é s fhedizgedadivtiot eeddtor issterh02 at
this point. Reaction conditions in the riser 102 are maintained as

descri bed i pobvErtirk) aPaglenhydfacdBoh ZeedSsttganopiefesatlyeavisgshigkach of
which is hereby incorporated herein by reference inits entirepy. The
hydr ocar bonotgfiresoatentcia: alpredutt slatepighy th propyleneiaryt ellndenghne t he
cracking reactions take place. The hydrocarbon gases and catalyst are
separ at ed i typiceemrepylgne/ethyene opeidusy)craliedrame the oacter LaN 1P pr oduct
gases at_a typical tenperature of 1100-1200F are {o%ed. 0l{1rt] of the top of
the striQpelppsexignatety 3Va IMheeFE( 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 exampie, olefins plant Ca/Cs
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 series of conventional cyclones 108, 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.



14 The effluent gases in line 112 can be cooled to generate steamin a
wast e heat boiler (not shown), and then are routed to a quench tower 114
where entrained catal yst is washed fror4 he gases by contact with
circulating quench oil. Overhead vapor fromb5 the tower 114 in line 116 at
a typical tenperature of 200-4000F is then routed to conventional product
recovery facilities such as distillation towers (not shown) for recovery

f ethyl ene, th ducts Gat d by th
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oubj acent  ageget BEaf i G A4 310 OB NaociRu ©1
and_cat abyStnaCidubf ¥ 14 i #0138 40k tOREAIl Rthabllrd OfIAGOIACRPF K02 via

| i ne 104 as previously I oned. use t re I'S I nsuf i ent coke to

provi de the {Resespated hﬁ?‘tc&ﬁv&ﬂldﬁc?k@@uép regvehy) faeaRiee auchn &l a
typi cal regeneration tenperature of 1250-13500F, additional fuel is

necessary t odisfibabetiowdre (ramt sh@hmm%romddwwe.ﬁcmhylewiét mg?lemef uel is

preferably in the formof fuel oil, e.g. pyrolysis fuel oil, at contains
catal yst fi resd otler pheduptench tower 114 as described in nore detail 25
bel ow, but capability for adding fuel gas can also be provided to
suppl ement t he he@atalysi edasiteddy The cytlongs 16668 imoolsttgdid 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 cycione 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 capability for adding fuel gas can also be provided to

supplement the heating if desired. The slurry is continuously



supplied to the regenerator 120 fromthe slurry surge drum 124 via line
126, which is designed for mtigating potential erosion. Accessory systens
i ncl ude conventional FCC systens such 1&s, for exanple, air supply,

catal yst hoppers and flue gas handling 5 and heat recovery. An air
conpressor (not shown) supplies air via line 128 for regeneration of the
catalyst. An air heater (not shown) can be provided for startup. Fresh and
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120, catal ygipel gﬁée ir“gi @ogﬁiswgﬁefm'ﬂe\éﬁa pqtﬁnga]ee'aSi%re cyclgones 130.
| f desired, a conyentional tQird stégg se ara}or CEngne not shoMm) can
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130, which Gah bBChHARIEQTYCRARIE! PRI Bd¥pdridydalfitRasssts aipve a

i quid hol dup zone 132. uent gas from 112 1s " i ntroduc bel ow t he

contacting Zs(mﬂvrgf(é-reppfcﬂﬁ@:léﬁuﬂoﬁt sWrabeosi ¥adkeup candessedvarullifriurheat
exchanger 138 and return line 140 to 25 introduce a continuous supply of

ggﬁ?ggt?inl toatalygui tthadi ist tydicaiy réé?ecab@lyeaﬁhedcmt@ctémZivom 18@. In the
g zone 130, the catalyst tines in the effluent gas are washed
i nto theOqueegbneratoraas ideell known in the an.
in the regenerator 120, catalyst is separated from the fiue 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 to 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



the effluent gas is cooled. The effluent gas typically enters the quench
tower 114 at 800- 10000F, and exits at 200-4000F. The quench oil can be

mai ntai ned in hol dup zone 132 at a tenp&rature of 350-7000F, and cooled to
300-5500F in exchanger 138 against a 5 feedstock streamor steam |If
desired, the quench tower 114 can include a secondary cooling zone 144
above the primary contacting zone 130, simlarly configured with
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filtration loonssper! ngldidenieumme SoD-5504t ahseltfanadfinmaraindng 162 for

returning filt e quench tower drrectly “or via the
recircul gti gaehoRRklstiteaPesKe@edmoaseous mediumis provided via line 164
to pressurize and flush the collected fines into line 166 and slurry drum

124. The backwashf apsfifats frsli guesein tdWere 158! eghethdin@en ansédeidargas, air
and fuel gas. One of the filters 160a or 160b is in filter node, while the

other is in detingagbneotiéd athove enenplimary doractit@,zcned,130] Siemidriy74 are
open and valves 175, 176, 180 and 182 are cl osed when filter 160a is

filtering ambnfiguredrwitfQbumpabeund lbepkhdshbd; intiedes exshamgesidBched
after the 25 fines have accunulated in filter 160a and it is ready for
backwashi ng.for Tuethieir| coalingrthies quesictr aill o -#608bs fandexamoplal b8 at a
rate that keeps the fines level frombuilding to excessive |levels in the
quench 1¢ 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 collected fines into
line 166 and slurry drum 124. The backwash gaseous medium can
20 be seiected 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
filter 180b 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



oil, preferably no nore than 0.5 wei ght percent fines, nore preferably no
nore than 0.2 weight percent, and yet nore preferably no nore than 0.1
wei ght percent fines in the quench oil.4As an illustrative exanple, in a
guench tower receiving 50 to 200 | bs/hr catalyst fines 5 in the effluent
gas, for exanple, 100 | bs/hr, then 50,000 | bs/hr of quench oil nust be
filtered in order to maintain a catalyst concentration of 0.2 weight
percent in the recirculation |oop 134 The backwash contains a high

concent r at i odil.cprefatahly 10 moieshandhstweight gercent fifies ombe pretarabper cent .
This concentration is 10 reduced to a nanageable |evel, for exanple, 2 to
4 wei ght perR@norgthan Q2 weight petaant, ¢ind wetMmorecpreferatlymp quereh oi |
in the slurry drum 124, The ampunt of dilution oil is preferably equal to
that requi reﬁéiarv -1 cRidt Percant tines riagtherquench oil. the &n hlbsstrative
concentration is in . excess of a manageable |evel, additional fuel oi

and/ or quencF*ITPI85INAAYRNGH tPWenseaeving 58 ta aPPylbstmeatalysidinasi s
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cat Zﬂr ys1018 retiveeentiaial maridgrizadienesdl, 1Bt @xahfple2eRPuahRightDeitichh, t he
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 line 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 cyclones 106, 108 and subsequently

condensed in the quench tower 114, whereas the entrained catalyst



catal yst recovered fromthe cyclones 106, 108. In the regenerator 120 (see
Figs. 2 and 3), there is a standpi pe %é? and plug val ve 200. Spent

catal yst flows down the standpipe 5 11& and passes through the catal yst
pl ug val ve 200. After passing through the plug valve 200, the catalyst
changes direction and flows wupwardly through the annulus 202 of the spent
catal yst centerwell 204 using a fluidization gas introduced via |line 125

to distri buti§ogvehially2ddinsertli fitedine ﬁé@ﬁ@fcﬁrwb' mﬁﬁﬂtﬁé' Siuerhe val ve
an be,

200. The 10 fluidization nediumor gas c or exanple, steam an inert

gas, and fustaes reSdvered Pom (He bgcldéhbs 1Bl 1d.| ui dization gas (line 123)
are introduced through nozzles 204a. The fluidization gas, for exanple,

steam facilitatds fesgeFicratamP@(swe Figs.ah ant :?hmérleurs_ra/ standpipei t
di scharges into the catalyst in the centerwel|l 204. The dispersion 15 steam

and the slurty8 airid phing ofalveR00.zeSpent catdlpstt floivshdowe fnet stapdpipe
catal yst, provide additional fluidization for the catalyst. At this point,
vapor i zabi onl 1@ angepakses thoough the aatatyst plug valye @O0 odftermpagsingas i s
preferably not used as the fluidization gas here in order to avoid, or at
| east ni ni nitReoughibeRlugivaive K00, tthe eatalyst whiangesadirgctiomancatiewgst i s
di verted outwardl iﬁto t he dense phase bed 122 from the circular slot 206
defined by tl’rﬁ%"’%’iﬁﬁ%rt reWah 1he apnutus 0R: ef tae| speracalalysincentesweller i phery
of annul ar e 208. .The. annul ar pl at 208.is s red about. the standpipe
T8 and pr el Bitha 23000 s Pufdlsddvia tnd T2BHB SR iHIOT ERG er el |
204. In thi I 5 catalyst is di Lbut ed, radial ly t dly into
t he dense p?ﬁs@]}ﬁ%\t‘@’i‘?& 'Beﬂ"ﬁfyfr\tkgwelgﬁ%{vqeigwumyai‘(ﬁ \é\gé.e 19 The
dense finidi - A [ | I ri.d4. that
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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 stot 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.




ring 210 has a dianeter between the outer dianeter of the centerwell 204
and the outer dianeter of the dense phﬁﬁf bed 122 in the 5 regenerator 120.
As the aeration air travels upward fro perforations or nozzles 211 into
t he dense phase bed 122, the slurry oil and the carbon on the catal yst are
burned to forrnC02- It is inportant to introduce the slurry oil/catalyst
m xture into the dense phase bed 122 in relatively close proximty to the

air and bel ow t heTHE demsa fisidized D&PS 2 id herdred By it Er&ﬂééﬂ%gﬁ‘éﬂd
conbustion and heat generation within the bed 122." Typically, the

regener at or éﬁ@ricbthahmﬂ'ebéraﬁlyatakb%ﬂ)dﬂ)rib@@@@ﬁ,diBfrﬁfLﬂfcﬂbl'iM?fzmﬂ TRé5 to
13250F. The convergence of the air fromthe ring 210 and the catal yst/oil

m xture froing R4 Oshas a20i@nae¢ter dettvieesl thehogterviaoeter ebtive tbhterwedl dense
phase 15 bed 122 facilitates good mixing in a conbustion zone within the
bed 122 to bvane the outen lhamieter aidtheegeraeatphaseobeachd 22atmithet . The
regenerator bed shoul d be designed for a superficial vapor velocity of
bet ween ©.5 rRgENEratqrs, 120 .ef erd| $hde@gsation. Riantravefs / gpward  fnome
preferably between 2 and 3 ft/s. The volune of the bed 122 20 above the air
ring 210 shRBHPIEIONSsPHReEzZIES: 2 tlififtocinentienssiphassebedi /R thecsiutiyve
essentially conplete regeneratign of the catalyst. Of gas |s _
conventi onal® Q"Eﬁé’(}%r%%%@@epﬁeﬁiﬁ Wﬁh@rergém deotormpd-ea HelSar at or
cyclones 130_and, an pverhead |i.pe 12 e Fi 1). Since the regenerator
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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 ft/s, preferably between 1.5 and 5 fi/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 overhead 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



but as a practical matter a slight excess is needed to achieve conplete
conbustion. 5 The regenerator 120 can be operated with or without a CO
promoter, typically a catalyst such asd¥ ati num which is conmonly added
to pronote the conversion of COto C02 The | ower portion of a prior art
side by side conventional FCC regenerator is showm in Fig. 4. Catalyst is
fed to the regenerator via 10 an angled pipe 414, a catal yst slide valve

ne upper s aBkeiaR s HEnERARgn ok, Binbsolest AT P S WERR, neo”the
dense bed _Lenilele Xhibilisds WeE0bHS €90sdNir I URRREAHP LAk ghoM i1

Fig. 5 is accor present i nventron and™'s us d FCC
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unit - having tgﬂga%eianbrépg_@a[ ‘%méteﬁg aélllrgj?'([ji1 aRdesanshresrBRL kd UhLHelR” the

regener at or new I nstall'ation or as part of a

retrofit, sygmpleté RPABOSHGE. 400 provides greater feed versatility to
accept conventional or light feeds, since a fuel oil, quench oil or slurry

oi | 20 fged capabytétregeherarii 120 vhebeRRRasedIvith Bt witbout epdSOi n or der
to provide the necessary heat of reaction. The angled pipe 414 for catalyst

feed no | onggonigien Wicalcljsata catﬁﬂﬁfstﬂbabh@@ phatistmowwhighAsgcorhmdayher
angl ed pipe 414 is couple via the catal yst slide valve 416 to angl ed pi pe

417 that extssiubd £ proweced toenceonversioniall CP tooCOwe vertical center axis of
the regenerator 400 and has a vertical stand portion 418 extendin

t heref rom i nt o t Hehe deweepestion 24 paicsiart side byesidecororerpicnad G0 i s
| ocated below the 21 | ower end of the stand portion 418 to redirect the
catal yst fl depaperatpsristshanmlin Fiaedr aatalysigsdedpeoniaie: egenaraten Yije
refer en1C(e) 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 instailation or as part of a retrofit, such a
regenerator 400 provides greater feed versatilty 1o 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
fvia the catalyst slide valve 416 to angled pipe 417 that extends

25 therefrom substantially to the ventical center axis of the regenerator
400 and has a vertical stand portion 418 extending therefrom into the

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



nunerals are as in the previous figures. Further, an FCC unit of

si de-by-side configuration having a 5 conventional regenerator, for
exanpl e, the regenerator shown in Fig. 24, can be converted to be a
converted FCC unit having a regenerator 400 as shown in Fig. 5, thereby
reducing the capital costs associated wth the fabrication of a new
regenerator. The air supply assenbly 460 would be renoved. The centerwell

noz21 es 20440061 81Beo e cSEnEPafil a18 IS ReGeRL 30€ setlvs® fBHERG! o1 or
Mnotalled arDoHGRESN ont BeuFT YGRS, E’Hﬁ“ nBePhg el tetetente 1.
defl ect or pli\%ﬁ‘ef,gg a'@gé%%gﬁﬁabéqgnu hi n the centerwel | 204. Pipe 417

wi th the 15 standpipe portion ar plate 208 would be installed

such that the endyghethansterd B tdfogld‘él@}f%)&ﬂ@%%ﬂgﬂrﬁ ?Hehﬁlﬁ%eéwe” 204

a sufficient distance above the deflector pfate 450 to a of the

cat al yst 5anct:mmm1tmeﬂd%@@%ea1@¢ficﬂCéxaum‘ thBeregehelralr sHown ¢h Fagti on
for mxing the catalyst with the fuel vaporiZzed within the centerwell

20 204. The AQyeH®Beot@verdd 1@Heos ctrivemed R uhit Hm:m%ral grator
recondi ti oned or repositioned within the regenerator 400 such that their

ends extend 460 @s shewndpdFigs 6/ trerebyadeting theleapitabeosts 2k scbisepr esent
invention is illustrated above with respect to specific enbodi nents.

Various changith thedfatwitatioraof aneew regemerator. 25 heoairheupidy |dsserablyi san in
view thereof. It is intended that all such nodifications within the scope
and spirit o460 hwoulshdelsemovsichs Hhe eemiexvell 264, Shydizatorm mediums 1 A
catal ySt'IOr egc?!gterfl?l.tzt?orn fr?nrg rze()%lebn?'zirnaclit !fLTegl aPs?rrlléutior%] hrtloze(I:gs C2a(§4.s!i ywould be
installed 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 deflector plate 450
would be installed within the centerwell 204. Pipe 417 with the
15 standpipe portion 418 and annular plate 208 wouid 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 vaporized within the centerwell
20 204. 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 suriace 208 of the dense bed 122.
The present invention is illustrated above with respect to
specific embodiments. Various changes and modifications will occur
25 to the skilled artisan in view thereof. It is intended that all such
modifications within the scope and spirit of the appended claims be

embraced thereby.



2 and heating the catalyst to supply heat to an FCC reactor, 3 conpri sing:
4 a regenerator vessel housing a dense phase catalyst 5 bed; 6 a central
upri ght standpi pe portion for receivinéﬁahe spent 7 catalyst to be
regenerated; 8 a centerwell receiving a | ower end of the standpipe 9
portion and defining an annul us between the standpi pe portion 10 and an

I nsi de dianmeter of the centerwell; 11 a valve for introducing spent

cat al yst thdﬁﬁ@%ﬁﬁhe 12 standpi pe portion into the annulus; is a fuel

G st Pytor, o\t ke oS ol ROPraRGSORE B [t O BoPR, .0,
(1 7811 on_ smnd i B SSTRLTH! shapy [P, 28 EceRAR! [0 (e

cat al ysﬁ and fueé rrﬂigﬁié”{ggefromthe annulus into the dense phase 19 bed

bel ow ah upper S reof; 20 an air distributor disposed in the dense

phase bgd 21 subjacent eakeplKiudifg ANHEREHCHAREsEORBLEVEtON air
into 2% t he dense pﬁQSE; éﬁ?sg%agbggtalyst d?scharge oBtIet in fluid
comuni gat i on vvitgétu;t he 24 dense phase bed; and 25 an off gas di scharge
outlet n fluid communication with a 26 dilute phase above the dense phase

bed. 23gl 2. The regeneeatie Wrightaitandpigeepeitior fer mioeivingtthiebspent is an
air 2 distribution ring disposed in the dense phase bed about the

7 catalyst to be regenerated;
8 a centerwell receiving a lower end of the standpipe
S portion and defining an annulus between the standpipe portion
10 and an inside diameter of the centerwell;
11 a valve for introducing spent catalyst through the
12 standpipe portion into the annulus;
13 a fuel distributor for introducing fuel into the centerwell for
14 mixing with the catalyst in the annulus;
15 a fluidization distributor for introducing fluidization gas
16 into the centerwell for fluidizing the catalyst in the annulus;
17 a radial slot formed in the centerwell for introducing the
18 catalyst and fuel mixture from the annulus into the dense phase
19 bed below an upper surface thereof;
20 an air distributor disposed in the dense phase bed
21 subjacent to the radial slot for introducing combustion air into
22 the dense phase bed;
23 a catalyst discharge outlet in fluid communication with the
24 dense phase bed; and
25 an off gas discharge outlet in fiuid communication with a

26 dilute phase above the dense phase bed.




3 centerwel | subadjacent to the radial slot. 1 3. The regenerator of claim
1 wherein the fuel distributor is at least 2 one nozzle. 1 4. The
regenerator of claim1 further conprising a source of fuel 2 oil for
supplying fuel oil to the fuel distribg or. 1 5 The regenerator of claiml
further conprising a fluidization gas source for supplying fluidization
gas to the fluidization 3 distributor. 1 6. The regenerator of claimb5

Fur ther ! coror i o1 e 1e0BBeRARr 1,867 awhefein D8 ATSTREIEAS inanell ™
at "o 22l over o SHPUREP SRR St I BRGE ChackyBedtlBul e e m o

wher ei n3t he st aer%ﬁ$gwgﬁgphgaj%ﬁ to%hé(}‘é@ral%q& of a central vertical

st andpi pe | ocat egenerator. 10. The regenerator of claim
1, whereindhe ; i I ne

ext endi ﬁg ijrit o] tﬁe ?gggﬁgﬁaétaﬁr%f%galﬁéa\?ﬁééﬁsgﬁegﬂpgplé%?g@grﬁQFLéeadz;ngl ed
spent catal yst lgmenpgkRy to 4 entering the regenerator and the standpipe
portion extends from 5 the angled spent catalyst supply line within the
regenerqtord, 1 Ifhe Tbgehémrcﬂt olairdf 1 dupther Bompasieignat seurstanidpugie

portion is 2 attached to the end of angled spent catalyst line. 24 1 12. A
nmet hod 2f converdil fug supplyingi fu@l oREE theifuebdissiibletopy si de 2 configuration
to a converted FCC unit for processing light 3 feedstock conprising: 4
provi di hg the orThg megeREtonial dlairm rig futhérasmprising a fluidization gas

2 source for supplying fluidization gas to the fluidization
3 distributor.
i 6. The regenerator of claim 5 wherein the fiuidization gas is steam.

1 7. The regenerator of claim 1 further comprising a steam source

2 for supplying steam to the fuel distributor.

1 8. The regenerator of claim 1 wherein the valve is located at a
2 lower end of the standpipe portion.

1 9. The regenerator of claim 8 wherein the standpipe portion is a
2 lower end of a central vertical standpipe located within the
3 regenerator.

1 10. The regenerator of claim 1, wherein thel regenerator has an
2 angled spent catalyst supply line extending into the regenerator
3 and the valve is located in the angled spent catalyst line prior to
4 entering the regenerator and the standpipe portion extends from
5 the angled spent catalyst supply line within the regenerator.

—

11. The regenerator of claim 10 wherein the standpipe portion is

2 attached to the end of angled spent catalyst line.




5 an original regenerator having 6 a spent catalyst inlet, 7 an air inlet
and 8 an air distribution assenbly attached to the air inlet 9 within and
near a bottom of the regenerator, 10 an angl ed spent catal yst supply line
attached to the 11 spent catalyst inlegt, and 12 a catal yst slide valve in
the angl ed supply line, and 13 repl agl ng the original regenerator with a
regenerator 14 according to Caiml1l. 1 13. A nethod of converting an

original FCC unipt id ' 2, confi- i CC uni

L(r)"rt pLglc_esi:gntg A Bﬁ:i[thgg s&gﬁ’éﬁ}ﬁgﬁ”%ﬁr‘?@'ﬁé{ E}'&Pg{]gbﬁd?{ng’%:&%ﬁaﬁ:nal UE::tC
ing a . rigi nay .

nlet, 27 ana oottt 8 %\;%%P@%S%ﬂ@?% rBofegRecghe’ 3 7!

inle Wi t hin r 1.0m th tor, 10 | ed

catal y& suppl y SHIRBERIOMATINGT e '1T Cpant catal st inlet, and 12 a

catal ysg slide val Vfgfﬁiﬁhﬁgﬁﬁi&gﬁgirﬁﬂmﬁ@ Urit¥eaving3atrieBsyi ng the air supply

assenmbly; 25 14 inst ng“a ce rwel | to the inferior bottomof the
regenergt or; providing Eﬂﬁb'ri@ir?ﬁlzrébbﬁ@r&@? hiamirﬁ@ and at | east one fuel inlet

6 a spent catalyst inlet,

7 an air inlet and

8 an air distribution assembly attached to the air iniet

9 within and near a bottom of the regenerator,
10 an angled spent catalyst supply line attached to the
11 spent catalyst inlet, and
12 a catalyst slide valve in the angled supply line, and
13 replacing the original regenerator with a regenerator
14 according to Claim 1.

13. A method of converting an original FCC unit of side by side

—

configuration to a converted FCC unit for processing light
feedstock comprising:
providing the original FFC unit having at least
an original regenerator having
a spent catalyst iniet,
an air inlet and
an air supply assembly attached to the air inlet

within and near a bottom of the regenerator,

O O 0 ~N O s WM

an angled spent catalyst supply line attached to the
11 spent catalyst inlet, and
12 a catalyst slide valve in the angled supply line;

13 removing the air supply assembly;




t hrough the bottom of the regenerator within the centerwell; installing a
fluidization gas distribution ring connected to the fluidization gas inlet
and at | east one fuel distribution nozzle connected to the correspondi ng
at least one fuel inlet at the interiég bottom of the regenerator within
the centerwel|l; providing an air inlet*through the regenerator outside of
the centerwell; installing a deflector plate within the centerwell;

instal}ljng an intern IhRE., cQn he, . spent.. cat t . sup i nlet,
wher ei‘LAt he i nternal %?@Iﬂ?ﬂasga%%gﬁéﬁ'ééjpp@rtghgg 'ﬁieré& g}‘#ﬁ?'@r @ngbé to that
of th ngl ed spent cat ply line, a standpipe portion and an

annul 2153 pl at e attached%%érﬁ%@iggandpi pe portion, wherein a | ower end of

t he standpi pe portio I D4 éagﬂ ial sl ot
bet weeflél t he annul ar rbgﬁgkogﬁgﬁadﬂgfl{i%%ﬁ&eﬁgéggbﬁ{t‘é@dcgﬁ[ er wecﬁ‘f]3 ﬂlé{ﬁﬂ'e\%er ein
the l'oper end of the Stﬂﬂ%gﬁe tRe" HRid Soglsﬂ?é?efége?ié‘fﬁtdrh%ﬂ%' %@éor plate
to allow flow of spent catdl yst through the standpi pe portion an provi de
defl ecfgon of the spentcgpfegreit flow 26 41 42 43

19 installing a fluidization gas distribution ring connected to
20 the fluidization gas inlet and at least one fuel
21 distribution nozzle connected to the corresponding at
22 least one fuel inlet at the interior bottom of the
23 regenerator within the centerwell;

24 providing an air inlet through the regenerator outside of
25 the centerwell;

26 installing a deflector plate within the centerwell;

27 instaliing an internal pipe connected to the spent catalyst
28 supply inlet,

29 wherein the internal pipe has an angled portion at a
30 similar angle to that of the angled spent catalyst
31 supply line, a standpipe portion and an annular
32 plate attached to the standpipe portion,

33 wherein a lower end of the standpipe portion extends
34 into the centerwell creating a radial slot between
35 the annular plate and a top edge of the centerwell,
36 and

37 wherein the lower end of the standpipe portion is
38 spaced above the defiector plate to allow flow of
39 spent catalyst through the standpipe portion and

40 provide deflection of the spent catalyst flow



44 45 46 direction for mxing the spent catalyst with fuel oil that is
vaporized within the centerwell when the nodified FCC unit is operated;

and installing an air distribution pipe around the centerwell and bel ow
the radial slot and connected to the ai2:3 inlet.

41 direction for mixing the spent catalyst with fuel ol
42 that is vaporized within the centerwell when the
43 modified FCC unit is operated; and

44 installing an air distribution pipe around the centerwell
45 and below the radial slot and connected to the air

46 inlet.



