8 MAY 2006 CATALYST RECOVERY FROM LI GHT OLEFIN 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 cat & M&t2006
BACKGROUND OF THE I NVENTION It has been proposed to produce |ight ol efins
such as ethylene and propylene fromm xtures of heavier paraffin and
olefins using a 10 fluid catalytic cracking (FCC) systemw th the reaction
conditions described, for exanple, in US Patents 5,043,522 to Leyshon at

al.; 5,171,921 to Gaf QATALYS T REOOVERYBROMg et al. In this

system particul ated ca t t e eactor under specific
reaction conditions. ﬁ@@c@%‘@%%%ﬁr@g@%d in a 15 series of

cycl one SﬁELthFST'gH@UHﬁ%ed in a vessel, that separate nost of the
cat al yst regenerated for recycle to a.regenerator
and then to th 3 aan | 44 &ﬁW t4 I nery FCC
oper ati ons. Thgr{:eg? g%%qt_'f\ggﬁt'ﬁgt@%@ @eh? faglg%tgg ro@tfﬁgﬁgéclfﬁes are then
cool edgs an t 2 honal rdhshi i 0 f\é%jm;l' into the
pr odug? cgr?s?ﬁ?egn?ifw#ﬂtér%ﬁg ?Ehoagverrg,bégg%ﬁ@? g%ff?%n | T rggences

bet ween tegtm&ght ol efin FCC process and conventional refinery FCC
oper ati ons. nventi onal FCC processes produce an effluent that has

si gni fi caBACHGROUNBSOF TREMWEENTIdINQcar bons that are condensed in a
guench 25 Tower. There 15 also a m nor anount of residual catalyst entrained
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and propylene from mixtures of heavier paraffin and olefins using a
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 Gaffney et al; and 6,118,035 Fung et al. In this
system, particulated 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 @ 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 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

MAY 2006 2 process and/ or dispose of; frequently it is burned as a fu%MABZWG
In the Ilight olefin FCC process, t here are onIy very mnor quantities of
heavi er hydrocarbons in the effluent gai% . arelatively high ratio of
catalyst to fuel oil, so the renoval he catalyst fines becones 5

probl emati ¢ because there Is very-little heavy oil recovered and any

the convent | BRRESANAAIRbBoR e Bequenifiol fpufided &% & 10RLOM: el of i n
ci 11 bent by (9t e AL LROCRRs nlE 4781 Brifhyerve il g o °
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i nsuf ficient eposition in ess to support

cat al yst regeles affiee C@rpfq,ehlﬂ@n@e?éflﬁé%est } @ In a conventi onal

gasol i ne FCC process, it has been at suppl enental fuel such as

fuel gas or fuel AnbtiéorBBueoiin e hght nbreﬂ‘r’PCE@G“tp?obB@srQﬂefﬂﬁéatOr to
achieve the tenperatures required for Tatalyst regeneration and the heat of

L2t e oo [AETABIOhOihe ctagpesobyons o hgaipd et BY he
) 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 10 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 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 wunit, 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



tenperature. However, as far as applicant is aware, there are no ade@§ﬁte
systens known for introducing fuel into the dense phase 8 MAY 2006 3 Y 8106
a FCC regenerator processing | owcarbon catalyst, for continuous operation.
Further, there is a need for a light olﬁﬁin FCC process and system capable
of processing a light feedstock that coffventionally 5 yields inadequate
coke formation, yet inproved sonehow to achieve the heat of reaction
required in the react SUMVARY THE | NVENTI The, present invention

addr esses. t HREGaPhl Fs i GRndEORRErBIsL PERRESHNGh JOWHEATDOR GatANSEC 16F ocess
not ed above, preferably by. 10 using a fuel oil addition to the quench tower
and recircul%§h%ﬁPQHSP%§rHﬁﬁhﬁ]tomer oil to wash catalyst fromthe effluent
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}hcgnfﬁgnei;ﬂkpﬁéghggh%#%Egyéggﬁﬁi%Pppgigggﬁpﬁguep}nggsfronla Figassggg-type
ef fluent gasSUMKARYASFOTHE IVENJNON |ight FCC unit is a feedstock that
conventionalTy yirelds Thadequate coke formation, for exanple, a C4 -Cl2

feedstock, preferyhby gresbnt C8nvéRBEAt arddreSask ethelaggmifstonhahgiingact or

are cool ed by direct
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 oit from the recirculating
guench 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 effluent gas can
preferably be used 1o supply the heat requirements of the
regenerator, and at the same time can eiiminate 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 C4 -C,, feedstock, preferably a C, -Cg
feedstock. Cracked gases from the reactor are cooled by direct
25 contact with circulating oil, for exampie, 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



25 contact with circulating oil, for exanple, in an oil quench toweﬁnMAm@ﬁ
.catalyst fines carried with the reactor effluent are washed out fro e
gases. A circulating oil punp-around |oop cools the gases and 8 MAY 2006 4
removes the fines. A slipstreamof quench oil is sent to a catalyst
"separation systemfor separation of thé catalyst fines. Catalyst renoval
can be achieved, for exanple, via filtration, hydroclonic separation,
el ectrostatic precipitation, and a conbination thereof. 5 For exanple, when
cat al yst firemoudsothe finas.| Azglipstreami pkguenthobiltisesenut;meh catalystin be sent
t hrough one of at least two filters to renove fines. Another filter is in
backwash opeparatianusysigna olair sepatatipns of dheeaatalysthdingst | ecetalyst nes. The
recovered fines are combined wth quench oil to forma slurry that carries
the fines tremawalFcaniber agbirved,ofor examplencyiaofiitration,n&ydreelppig s
conmbusted in the K regenerator to provide a conveni ent way of supplying FCC
. system he&€pasgtioneRigckostatia precipiliadiosanand; ﬁeCPé'ﬂQlF\ﬁ{lﬁa thereodi al yst
fines recqvered fromthe reactor ,[fluent_ gaﬁ, to the FCC systeim In this
manner , 9 catrAly8Xampig c wWheth caialyshiiteatian, isHhlizede A Shipseasy qinthene 15
regener at or_ exhaust fromthe djlute phase., Sinpce there.is m ni num anount
of “oi | genGENER PH Gark beceent Huoygbnens dif &t [Sast s fiters b raOYeor y ¢ he
ired i.n the regenerator., ln one

auench gl AR i BlakaLH bt DS HERLEESE dA.Or g
catal vSt Tugerl e e CAbBR LSS , T YBGbre AL skl LhaF L v e
thereof:  with quench oil to form a slurry that carries the fines to the FCC
i 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 quench 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 effiuent
gas. The méthod 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;



(b) contacting the effluent gas with the quench oil to cool 25 the e%+ ﬁﬁ?t
gas and wash out catalyst fines to obtain a cooled effluent gas essk y
free of fines; 8 MAY 2006 5 (c) returning the quench oil fromthe contacting
step to the inventory; (d) continuously recirculating quench oil fromthe
inventory to the contacting step; 5 (e) separating fines froma stream of
the quench oil from the inventory to recover the fines and keep the fines
from building up in the inventory; and (f) slurrying the fines recovered
fromthe separation s{@preturmngnthengueachoail from ﬁ'@ﬂﬂ@ﬂiﬁ@i@@aﬁlﬁ@é@l ecting
steps can be effected in a quench tower conprising vapor-liquid contact

el ements and a IENeBAe that hol ds the inventory of quench oil. The
recircul ated quench oi

separation can be effIéqll)tg%'ﬂ%‘é&g‘%’ﬁﬂﬁ%ﬁ%&%ggﬁggtp g;‘i%!'ﬂgffgﬁg%he-rhe
filtration, electrostatic separaiion and use of hydroclones, and the
separation is prﬁvﬁﬁﬁmt%@}ﬁf?% n Riusing filtration, the separation
A B e AR Y e e e A
backueshing o ¢ HEYEvERGY P PBhBTEE oL, IiBe ARG Kok s 1FRD Hpgp ot v med
Bnd backwashi ng DHLAmE i M Il e PR AT CT or ably i ncl udes at | east one.
(f) slurrying the fines recovered from the separation
step.
' 10 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 exampie,
15 filtration, electrostatic separation and use of hydroclones, and the
separation is preferably continuous.
When using filtration, the separation is preferab|y. eftected
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
20 the collected fines. The filirate can be returned to the inventory. The
filtration and backwashing can also include periodically alternating
the first and second fiiters 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

25 backwashing mode in the reverse flow direction to remove the

separated fines, and collecting the separated fines in a holdup



conpressed gas pul se through the at |east one filter that is in the 25
backwashi ng node in the reverse flow direction to renove the separat 8dAY 2006
fines, and collecting the separated fines in a holdup 8 MAY 2006 6 vessel.

The separated fines are conbined with a heavy oil, such as fuel oil or
quench oil, to forma slurry, pref er abl ﬁ in the hoI dup vessel. The
el ectrostatl C preC| pitation process is simlar to the filtration procedure

i nsofar as nmul ti unlts are g'n line, col]|ecting catal 5 fines, while
Adin
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pref or abl y. HAOSEReafieoldh S PAUBIE Unitsicue) Bhabe nColeARiS ALk "ot
preferably a n ch stage
oper at os Sy e Aifle GHEDH BT SbeliethaFRRERehE RSt e ugal °
oper at es~by 2 ggec ° f f ugal
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r equi r errent W‘f‘f'?ﬁ“?“%é8?&22’*‘%‘.’%@@hé%ﬁﬁéﬁﬁﬁle'ﬁ 2850 2oRack i ed i n
the under fl oWesfili@am Vi El4tS [L'f%ﬁt@l% g%c bsl?ﬁ ang/o b@l'anz@b M ow. By

exanple, if the C|rculat| he net oil is

i N R
" 10 particles is accomplished by deactivating the 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 hydrociones in paraliel. The hydrocione operates by

15 the same principa! 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 underfiow must be 10
percent of the total flow or 31.6 percent from each stage (0.316 x
0.316 = 0.1). It is not necessary that the underflows from each stage

25 Dbe 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.



0.316 = 0.1). It is not necessary that the underflows fromeach stage 25 be
identical, but the net underflow nust satisfy the fuel oil requirenmgpay De
underfl ow quantity is typically controlled by control valves on the outlets
of the overflow and underf | ow streans. 78 MAY 2006 7 A slurry is formed by
conbining the fines wwth a quench oil. ‘Sonmetimes steamis added to further
distribute the fines in the quench oil. The slurry fromthe hol dup vessel

(5 Prelerably, | ohrSPRL 1o 67 AR TRLE WhA R Jhglin T UL
10 excess of shlftuuheaNbicn’ [ G SH] W6ar dErEoE Sheld g
rkeun auenchyshin gl be TR i B, L %%%%ﬁensprese joulation

| oop or as the filter backwa ect %ventlon

provi des a sy f’rto‘?ﬂﬁ'gfe‘é‘f |nfc?03"%%'t£|85f|r’é‘“gn%ﬁér8f6ra lhoﬁlhtlﬁ u‘?lftf 'fo”t gas.

The system |ncI u neans for s g quench ain eady

state i gverigbuihighe fwwgsﬁé)rhé&n %un'r@&etnffeomeftlﬁéutf 93focHssh the

guench oil to cool t gas and sh out catalyst fines to 15 obtain
a cool ed ef SRR} iWasxRTRCBE itRA Ye%un‘?@d%r%dfﬁ&usﬂ@ﬁr@aﬁ e 1r'it?c§<ﬂbéléd‘9 the

quench oil fromthe contacting step to the inventory nmeans

conti nuousl yint@the ¢ehatdria teeRCIC anlt where ithie vapcﬁmea bhtthetéfﬁu@ﬂﬂt acting
step, means for separating fines froma streamof the quench oil fromthe

i nventory togaschhermiakeub geenehdikean e addetedirabtly torthelinventeryyp in the
I nventory, and neans for slurrying the fines recovered fromthe separation
step. A fur tther rexsicedationt |ade or agethei fiter lsackwash.em for recovering
) 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 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 gquench 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 building 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-liguid contacting
25 elements disposed above the inliet 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,



fines froma light FCC-type effluent gas that includes a quench tower
having an inlet for receiving the effluent gas, vapor-liquid contactugg fﬁlﬁ
el enents di sposed above the inlet for cooling the effluent gas and ﬁ 8
out the fines, a gas outlet above the contacting elenments for discharging
cool ed effluent gas essentially free of &ntrained fines, 8 MAY 2006 8 and a
l'iquid holdup zone below the inlet for collecting quench oil from the
contacting elenents. A recirculation |oop is provided for continuously

reci rcul at i ngnghe liguishbaldup zone helow thegoiat fmcmﬂgotangequench pi feaomt act i ng
el ements. At least two filters are alternati ngly operable in filtration
and backwashili®y geatacting relementson PooigaireuliQvi MD figr prpvideditfaig quench
oil fromthe liquid holdup zone through a filtration-node filter and
returning fi PPF‘Hﬂﬁoﬂﬁ'YtW&Wq ing tm@mm%ﬁé fromuthex iadisl @'d%béoﬂg

provi ded for HDVI ng the fines olle&ed i n the hllter and pas I_Qr]g t he

col lected fi Késl Eocantaciing, el@f"@@ltﬁ? ect Abrieaghdwonlilessarg pltefatingt¥npl e,

fuel oil uench oil .from inventor added,to the,.slurry collection

zone to fBr nPRELARIEr (N dHF e & rlm*érsesh IngsManeS fm@twim@ dsn al so

I ncl ude a quench I|n for | odu0|n fqu nt gas. the inlet, the
015 n@h

quench |ine PFF?:Y'Q@pn ﬁ QoﬁHe ltB‘?I Z0R€cool the
i xi ng zone: THPUBESA Ullﬂé?%ﬁa%bﬁﬁihfg 328 Ee'ﬁ'gtr Boh d?‘oA 14 floddn be
Feci el at i ofoIBEH£0E; VB Wﬁ§48§b!'ﬁﬁﬂgfbﬁe0ﬂﬁa§%ﬂé%ﬁ@ ééﬁtat“.eon
o0Ds 1 LSS In DR IRy i ol e L (DIRARCAEE 14 S, o,
the sour@e tgohid&ion zone. A heavy oil, for example, fuel oil or quench oil from
inventory, is added to the slurry collection zone 1o form a slurry of the
collected fines therein.
The system can also inciude 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 quench tower or to the recirculation loop. Valves can be
used in the backwash and recirculation loops for seiectively 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



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

backwashi ng-node filter. 25 The system alternatively or additionallyg MAY 7006
includes a line for supplying the slurry fromthe slurry collection zone to
the reactor in the FCC unit. Preferablg, the systemcan include a line for
supplying 8 MAY 2006 9 the slurry fromthe slurry collection zone into a
dense phase bed of a regenerator for receiving and regenerating catal yst

from the strthepsiurryffoonT the skurhatobection aoR€Gnteactionsé ipaseupetiicisa t he
effluent to the stripper. Preferably, the regenerator includes a m xing

zone for 5 megengrator for recgivang dric regeneseding catalysieirom itp@estrippdr a

di scharge zone for introducing the mxture fromthe m xing zone within the
dense phase fbedecircafatioablty dFOE treactorptiett sueplienike pbiilsenddd. theThe

m xing zone is preferably an annulus centrally disposed within the dense
phase bed. HEiEppegendrefenabiynihavkegenaraiercémiudes aomikiyy izemeofor or

i ntroduci ng an oxygen-contai ni ng gas adjacent the discharge zone,

pr ef er abPy imiXing tgerﬁumy angitpe eatadysti rampthe stappenandoa dischakgee nozzl es
or, alternatively, a pipe grid with nultiple branch arns around the annul us
and bel ow t FRONE JOhdnyedusitg 1Bei Mixiuiet Hom thee MXge RONEWERINoWME&r ovi des

Fegener &t or JaTSE 00858 PeGeREASIAVIERO o8P i thecapase FaRe DGt yor
R I 1 e Ly R R R A
i de-d; amdier BrS8Ragaisnds) TReTFepRITEr cBhRavePs Sbjaceht F "
) 10 distributor for introducing an oxygen-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.
Still  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 valve 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 siide valve

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



il OTCT T O 0T Spent catal yst from the

st andpi pe portion into the annulus. In one enbodi nent useful in an @mﬁnlt
. having a central vertical standpipe configuration, the valve is 18

a lower end of the standpipe portion, which is at the 25 |l ower end of the
vertical standpipe. In another enbodinment, the FCC wunit is of a side by

" side design and the valve is a catalydl slide valve located in the pipe
angled into the side of the regenerator. The B MAY 2006 10 angled pipe
extends to the center of the regenerator and the standpipe portion is
attached tan@eds pipedexiensts ttootheheester wiethef regemer@éor danrdrihgutor is
provided for introducing fuel into the centerwell m xi ng with the

cat al yst |$1aﬂﬁ§'f@nﬁﬁmﬂﬂ issattaghedAet ontpraed ﬂﬁd@ﬁl&@fltbe&‘-w dhewsd. f or

i ntroducin idization gas into the centerwel!| for fluidizing the

catal yst i fuﬁ dﬁtﬁgutﬁy isapraided frointiogiucingduel intonthe centemi@ll | for

I nt roduci r}g t he. cataly t and, fuel hnxture fromthg annulus into the dense
phase bed él’BerQlWJ pé'le catafyddnitherampulusadA diuidigaliop; Getriior ishg or pi pe

distribputaor is ose t.he nse 10 phase bed about the C erwel |
subj acgnt R'G i C{rgaﬁ@mgoﬁﬁ“aﬁﬁpgﬂucg% ‘E‘Eﬁ’r‘o | RNENWe; &‘é" t he dense

fense EﬁgJBJAS@?ﬁa't AR T & %ﬁ%@ Bourh ahalal i3t 1§ fPHned i ioat i on with
el ude 2 SHPRAGHTIER, bitod g, HES t%ﬁ??@ e FERTRGRUR, A8 Pl ™
meci um whi S AES G SHE i%%%% ég'g&ﬁ arf HPBEY e W™ n ner

gas, and A a0ct RuRR, Hhu o 1956 ey 14! AkpogBel A e ddm source

for optionally supp I'ng S Str
10 phase bed about the centerwell subjacent to the radial slot for

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 fiuidization 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
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



20 The regenerator can further include an air preheater for heating air
prior to introduction through the air distributor, for exanple, duri@qyﬂzmﬁ
start-up. Another aspect of the present invention is providing a netho of
converting an original FCC unit of side by side configuration to a 25
converted FCC unit for processing Iighﬂ1feedstock. In this nethod, the
original FFC unit has at |east an original regenerator, an angled spent
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nozzle is CaitagEhPAnanfioR o HRSHABEA FEflddd Rimdlink Ink B ispppipot t om of

the regenerator wthin the centerwe An alr in provided °t hr ough
the regener aésyerﬁggfclbﬂmﬂﬁé&%@m.ew@éhtere\gemi%f In2ea|REd Bhathe intetigpt al | ed

within the center . ternal pipe is installed and connected to the
spent cat al Ysdttspsf 1he mégﬁneifélgr. | AtfRiiaRiatirPgabanidtnapd Aekkaeddrieon at a
e

simlar angle to that of

10 fuel inlet is provided through the bottom of the regenerator within the
centerwell. A fluidization gas distribution ring is installed and
connected to the fiuidization 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 aliow fiow of spent catalyst through the standpipe poriion

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



angl ed spent catal yst supply line, a standpipe portion and an annul ar 20
plate attached to the standpi pe portion. The |ower end of the standpMge?60s
portion extends into the centerwell creating a radial slot between the
annul ar plate and the top edge of the cg?termell. The |ower end of the
standpi pe portion is spaced above the déflector plate to allow flow of
spent catal yst through the standpi pe portion 25 and provi de defl ection of

oi | chat i o SRR, Bl e, (¥hteRlel, BhR° gldy TRE" el el i i T

operated. A& ' IsREtd: pe is 8 MAY 2006 12 installed around the
cent erwel | ar@iee#%aﬁ{)ﬁggr%gmg'sl ot and connected to the air inlet. BRI EF

DESCRI PTI ON iRt ESONOF T HE BrAWMNEg ed schematic process flow

di agr am of aw%ﬁmmmch tower, used to crack

i ght hydrocarb , i iedo 'Fﬁgé yi igp.arfFig. 21is
an enl arged el evgﬁlgbnﬁg?oéac%lg%i?'@gorgteﬁlgﬁﬁ e e}ﬁeérgr?grdétagf%}gf gﬁiaé{.: 1 for

regener ai ngFGet abyigt ihBluding 98h THIC dlfrich Uedvirer, Slidetly 18f crhekf ligae from
the filter backwash of the ofl quench 10 tower according to the present

i nventi on. Mygirodattsorss, ddbraing fteoneaanpodirmenpbt mdinverrseen al ong the
lines 3-3 in Fig. 2. Fig. 4 (prior art) is an enlarged elevation of a | ower

portion of a redeiger2tizr arwnigrgedi elevatibny of oa kavet ysdrtiveedff e _
regenerating 15 catalyst in a conventional side by side FCC unit. Fig. 51is

an enl ar ged regeneraior of Fagl dwéor pegeneratvig aatalyst ineartlighitnEQC afii
regenerator according to the present invention for
using slurry 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
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  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 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



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
invention is a nethod and systemfor recovering fines fromthe |ight§ MECI006
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
feedstock to the FCC riser has a very 253| ow resid content such that there
is insufficient carbon dep05|ted on the catal yst to sustain conmbustion for
regeneration wthout a su ntal ﬁ source, ,and there |s i nsufficient
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typical propylene/ethylene product ratio from the reactor can be
} 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./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 cyciones 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.



wi th 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, 528 MAY 2006
5,171,921; and 6,118, 035; each of which is hereby incorporated herein by
reference in its entirety. The hydrocqﬁpon gases and catal yst fl ow upward
in the riser 102, where the cracking reactions take place. The hydrocarbon
gases and catalyst are separated in a series of conventional cyclones 106,

outed out of the Torirefhaaths MnciRbciia) EebE; Lofiert 19,908 RIR, 3006 14
The effl | [ |
noat boi 1 or 1SN ThanspStE bt i AN} BATIRER S RATRE (2 nere

entrained cy@nvel 1bierasheduhiedl Biftaifis sty AAshb Mk apeat | ng

guench oil. ad vapor from e tower line at a typical
tenper at ur e galsed0fy 49ttt with8itcldtin q?énéﬁ IgN O?IEHea‘HQ@b@? frépovery
facilities Such as® distillation towers (not shown or recovery o

ethyl eneg ptig@bwed 188Gnolimer1 18 edug itgpicehitahysdrateRabteID-yorAescycl ones
106, 108 is collected at the 10 bottom of the stripper 110 and contacted

with steam (ot rdwten) tbo cosiventionasi sretludty ssewasriyonagiitiesr sathhascat al yst .
The steam and hydrocarbons exit the stripper 110 with the other effluent

Catalyst then Tl own. doun Througn ot andol pe 18" nto the 5 eut acent
r egener at or ahgioothien productsgenerat or 120, the small anmount of coke that has
formed on the catalyst is burned in the
Catalyst separated by the cyclones 106,108 is collected 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 l
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, fhe 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



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§MAY 2006
i nsufficient coke to provide the necessary heat of 20 reaction to sustain
regeneration at a typical regeneration {genperature of 1250-1350F,

additional fuel is necessary to conplete the heat bal ance on the reactor
system The fuel is preferably in the formof fuel oil, e.g. pyrolysis fuel

oi I, that cogligphed teathal rsderieragsr fivonirohe tauasiahyt SYe dkdmas2deqaribed in
nore detail 25 below, but capability for adding fuel gds can al so be

provi ded to [iseld@eevemithtiselesigneddor it 'img@oté’ﬂmﬁalﬁr@fsﬁmi s continuously 8
MAY 2006 15 supplied to the regenerator 120 fromthe slurry surge drum 124

via line 126, whAcbessodesysterdst mcludé | gaivergiaredleROG systesisosuchccessory
systens include conventional FCC systens such as, for exanple, air supply,
cat al yst hopasy foraesanple, girssbpph), icajalyst avopperst anédtergas Aandiing
conpressor (not shown) supplies air via line 128 for regeneration of the
cat al yst .5 Anaadrhéataregoveryt Anoaur)corapne o (rati sleowhd rsuptpdiesuair aesh and
spent catal yst hgﬁgers (not shomn? are provided for storage of nakeup and
used/ equi | i bineMm2& foarggeneradion of theicainlystr Apeait ihedter 0aeshown)r t aken
fromthe 10 regenerator, as is well known in the art. In the regenerator
120, cat al ys€an e ravidesyion siartuip fAreshgard spenieatalysidieprsis itds 130.
I f desired, a conventional third stage separator cyclone (not _shown) can be
used to nini AQWNG 2k WYPVidess a5 SIoFRIe | Qfe Mpkeldp AR tyspd/gOMiRiBENed by
super heating high 15 pressure steam and, vented. Spent catal yst, including
fines from tﬁ%ta?!’ﬂi £ tsﬂ%g}é’p?@jlé(r 5@%}??%@1@3%3 5] anff@k@’{afé@nhﬁﬁﬁnt s of
poi.sons . .
a 10 regenerator, as is well known in the ar.
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 o 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 guench 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



found in typical refinery FCC catalyst due to the relatively cleaner

f eedst ocks used in the light olefin FCC process, and can be used as 8mMAY 2006
adjunct in concrete or brick manufacture or disposed in landfill. 20 The
guench tower 114 includes a vapor-liquigecontacting zone 130, which can

I ncl ude conventional packing or trays, disposed above a liquid holdup zone
132. Effluent gas fromline 112 is introduced below the contacting zone

130. A recir ) a%f(f)m%h% J{%%gb[&fdﬁdﬁ:’ﬁepéﬁméﬁG F}geg;pi%@gﬂgfsr a8 and

return line 1 oduce a contlinuous sup to liquid

di stributor dncAbeyRel P14 ORt BOO-1000ORE AP it biR2GOGTPH naTRENe 130,

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

8 MAY 2006 1guehehedif tHAMie ﬁ?éiniéiné@%%ldﬁ?ezcﬁféhsﬁrﬁt HaSmpepakaklof enters
the quench tower 114 at 800- 1000F, and exits at 200-400F. The quench oil

can be mai nt @50eA00TF hahduposfute 1d3306t550 Fenmesrihdfgdl 138 agalwt, aand
cool ed to 300-550F in exchanger 138 against a 5 feedStock stream or steam

| f desiresl, féedstoekEirdaonesr stédntan i nclude a secondary cooling zone 144
above the primary contacting zone 130, simlarly configured with punparound

| oop 146 that i nclifudiesimed;trgeuert® towerf Uitd hean cioelud® 4 heeapredarly oil to
200- 450F, for exanple. A 10 portion of the quench oil fromcollection zone
150 can be i roobdgczohe vidd labovel B ipriroaty ceontd@ing zomeyi18€, isiinilaay cool i ng
of the effluent gases in mxing zone 154 upstream fromthe quench tower
114. For ex&opfiguradwitis grurparaindiloop nl 46 dbal dicledescexthamngeref #Buent
gases to 800-1000F in the m xing zone 154. 15 A filtration |oop 156 includes
punp 158, fi ferefdrtheo0aEgp thadquench oil to 200-450°F, for exampie.
10 portion of the guench 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 selected from an inent 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 ciosed when filter 160a is filtering and
filter 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



line 162 for returning filtrate to the quench tower 114, either directly or
via the recircul ation | oop 134. Backwash gaseous nmediumis provided §MaY 2006
line 164 to pressurize and flush the collected fines into Iline 166 and
slurry drum 124. The backwash gaseous i um can 20 be selected from an
inert gas, air and fuel gas. One of the filters 160a or 160b is in filter
node, while the other is in backwash node. For exanple, valves 168, 170,

172 and 174 G proRaabl Ao'Rbre shar (o5 vidiant Blcanttinés, ficte Grafedponen

filter 160a 1S filtering an ter 160 bel ng backwas t he val ves

are sw t cheth@irhéfe thign 2221 waRshiee et CHAE! péthdre brdferpiblON Mok 1t 1S
ready for backwashing. The filtration is preferably continlous and shoul d

be at a ratahghap.1 Kﬂ@lgﬁﬁttmdeimefmé@m'tﬁef Qchich BilnAd areXnesteainge | evel s
in the quench 8 MAY 2006 17 oil, preferably. no nore than 0.5 wei ght percent

fines, nore gxahplfeatihya quenolr towdearedeiZinge50Mo pe0dbshr cathiysitiiney e
preferably no nore than 0.1 weight percent fines in the quench oil. As an

i |l ustrabi van theamgifleent mas, doenskarmpler 100ckisvhnahed 60,200 Ibb4irhof cat al yst
fines 5 in the effluent gas, for exanple, 100 | bs/hr, then 50,000 | bs/hr of
quench oi | mysendie bill treust be diltdredt dnnwrdeai ho a maindhiysta cavalyst rati on
of 0.2 weight percent in the recirculation | oop 134 The backwash contains a
hi gh concentgangeniratiorcat 812 weighhpercerdrinthe recueulationoopol 349 wei ght
percent. This concentration is 10 reduced to a nanageable |evel, for

exampl e, 2 to 4 wehghagievashhcontgingi a diglrcanaantratisn of cas@ysbfingsr cul at i ng
quench oil in the slurry drum 124. The anount of diJution oil is preferably
equal to than rtéguiorder “afod Oc torndfd t wetghtnpeReENte gehBisSaconCentrating 15 nes

concentration js in excess of nageabl e | evel , additional fuel oi
and/ or dlendgdsiced to a manageab?e qgveﬁ?or example, 2 to 4 we?ght percent,

by ditution with fuel oil and/or circutating 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 manageabie level, additional fuel oil and/or guench 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 préssurize

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



15 can be introduced to the slurry drum 124 and this excess can be recycled
to the riser via line 127. |f desired, the conpressed gas can cond%MMé&%ly
pressurize the drum 124 so that it is not necessary to enploy a punp to
transfer the slurry into the regenerator 120 via line 126. As nentioned, 20
quench oil slurry fromthe drum 1244gs supplied to the regenerator 120 for
conbustion to supply the heating requirenents and return the catalyst to
the regenerator-riser system however, if there is excess slurry, it can

al so be jsntgveshiaatly t wahsierred antd Otheviregeheeatb? 71201 withhitise netherr . t he
guench oil in the slurry supplied to the riser 102 is 25 added to the

ef f| uent cgtedpst ndcaoveyetl drom1beé,cytdénesnd 0§uldH8uent |y condensed in the
guench tower 114, whereas the entrained catal yst 8 MAY 2006 18 is eventually

transferred iinthe negergeater 400r (sEROFigs. 12 &hd )t tegre isad starsdpipecovered from
the cyclones 106, 108. In the regenerator 120 (see Figs. 2 and 3), there is

a st andpil p8 andsplagdvalveg208l vEmot. caadyat ilewal gownf thewstatwpipehe st andpi pe
5 118 and passes through the catal yst plug val ve 200. After passing through

t he @ uglV8l aedJEEsashthroaghl the catalygepluf) valve @00andftarapassiogwar dl y
t hrough the annulus 202 of the spent catal yst centerwell 204 using a
f1 ui di zathrerghathe pludNaben200a the watalyst coangesr disection anddowso4b
positioned in the centerwell 204 bel ow t he val ve 200. The 10 fl ui di zati on
medi um oup@l@s'dfya#hr@éx,gh dhe srmpLe, 262 aimtharspandreal@lst cen@mvedl gas.
AU SRR 5 R S R A
cat al yat 2P4B; ReSEEReE ip hesentmi bizth. Belof the valve Z8.%Fne" © 11¢
' 10 fluidization medium or gas can be, for example, steam, an inert gas,
and fuel gas. Slurry oil (line 126) and a fiuidization 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 ftluidization gas here in order to
avoid, or at least minimize, combustion within the centerwell 204.
20 The catalyst is diverted outwardiy 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.



15 steam and the slurry oil, which vaporizes on contact with the hot s%ent
catal yst, provide additional fluidization for the catalyst. At this Bﬁ‘ﬂﬁ r80p
vapori zation 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

| east m nimze, conbustion within the centerwell 204. 20 The catalyst is
diverted outwardly into the dense phase bed 122 from the circular slot 206
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the dense phipghdede 1garbon ofl fe Ritdivet ase BugHed foy fdontde,ai nt and bel ow
the 10 upper surface 209 of the bed 122 to ensure good conbustion and heat

gener ati on vinigurtattht beidoddee tﬁﬁpbnﬁ?} )oillddtalgmgﬂmuaé antol 2he i gengwer at ed
at 1250 to 1350F, preferably from 1275 to 1325F. The convergence of the air
from the ringhasd bead1LBeincaglatiyelly/ clokenprobdmity tor the tireant dbeld@bthad
relatively high velocities within the dense phase

! 10 upper surface 209 of the bed 122 to ensure good combustion and

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 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 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

burer to convert the CO to CO, before discharge to the

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



15 bed 122 facilitates good m xing in a conbustion zone within the bed 122
t-0 provi de uniform heating and regeneration of the catal yst. The 8 MAY 2006
regener at or bed shoul d be designed for a superficial vapor velocity of
between 0.5 and 7 ft/s, preferably betggﬁn 1.5 and 5 ft/s, and nore
preferably between 2 and 3 ft/s. The v me of the bed 122 20 above the air
ring 210 shoul d be designed for sufficient residence tinme to ensure
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The | ower portion of a prior art side by side conventional FCC regenerator

i's shown in ddded 40 pfatraty sheicorvetsion 6hEO tw@@s.ator via 10 an angl ed
pi pe 414, a catalyst slide valve 416, and an inlet 420. The ends of a pair
of hydrocl ones 43Dhexoerd postiow atha prigreart Kidé dpeside0eonentienaleREE bed 122.
Conbustion air is fed into the dense bed 122 via an air feed apparatus 409.
regenerator is shown in Fig. 4. Catalyst is fed to the regenerator via
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, quench 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 angied 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
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tall ed around the o
distribution ring 204b and fuel distribution nozzles 204a would 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 circular deflector
plate 450 would be installed within the centerwell 204. Pipe 417 with
the standpipe portion 418 and annular plate 208 would be instalied
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 fiow direction for mixing the catalyst with the fuel oil
vaporized within the centerwell 204. The hydroclones 430 may or
may not have to be repiaced 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
specific embodiments. Various changes and modifications will occur

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



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 thEAY 2008
st andpi pe portion 418 and annul ar plate 208 would be installed such that the
end of the stand portion 418 extends into the centerwell 204 a sufficient

di stance above the deflector plate 450 % allow flow of the catal yst and
provi de adequate deflection of the catalyst flow direction for m xing the
catal yst with éﬁe f.uel

oi.l. 20 vaporized w thin.the centerwel !l 204. The
hycr ool ones MegicaloBs Wibis” o Yibe” E0drpint pf BB ABPEREES clama el o
repositione 5.0l egenerat or 400 such that their ends extend bel ow
t he upper gﬂﬁ#%¥3ﬂ§6§ngpythe dense bed 122. The present invention is
illustrated above with respect to 25 specific enbodi nents. Various changes
and nodifications will occur to the skilled artisan in view thereof. It is
intended that all such 8 MAY 2006 22 nodifications within the scope and
spirit of the appended clains be enbraced thereby. e MAY 2006 23 Cains 1.
A nmethod for recovering fines froma light FCC-type effluent gas,
conprising the steps of (a) supplying quench oil to a quench oil inventory
to maintain the inventory in steady state; (b) contacting the effluent gas
with the quench oil to cool the effluent gas and wash out catalyst fines to
obtain a cooled effluent gas essentially free of fines;



(c) returning the quench oil fromthe contacting step to the inventory; (d)
continuously recirculating quench oil fromthe inventory to the cont @CMY%%
step; (e) continuously separating fines froma stream of the quench Ji
fromthe inventory to recover fines and keep the fines frombuilding up in
the inventory; and (f) slurrying the fi2i®s recovered fromthe separation
step. 2. The nethod of claim1l wherein the contacting and returning steps
are effected(laings quench tower conprising vapor-liquid contact elenents and
a bottons zone holding the inventory. 3. The nethod of claim1 or 2 further

conprising cool i ng iethodefor fitoakeingtfifgs Frail a 1RStr BOMey @ RIAGEANY St ep.

4. The nethod of any one of clains 1, 2 or 3 wherein the "eparation step

conprises filtratgas).cdmprismgtesidpobfcl aim 4 wherein the streamin the
filtration step 1s continuously passed through a first filter in a

filtration node to sefmy aupphiingfdquesch fdt ¢br anquéridie odl dacemdriitot er in
parallel wth the first filter 1s in a backwashing node to renove the
separated fines th@infainthe gnwentory (6 steadg.statee met hod of claim5 wherein
filtrate fromthe first filter is returned to the inventory. 7. The nethod
of claim5 or 6 wherei (b} eentoatingdbnieffuent gas with the guench®iltd ceol f urt her
conprises periodically alternating the first and second filters between the
filtration and baﬁ]@,\,ﬁ werf gavaed wash out catalyst fines to obtain a cooled
effluent gas essentially free of fines;
(c) returning the quench oil from the contacting step to
the inventory;
(d) continuously recirculating quench oil from the
inventory to the contacting step;
(e) continuously separating fines from a stream of the
quench oil from the inventory to recover fines and keep the
fines from building up in the inventory; and
(f) slurrying the fines recovered from the separation step.
2.  The method of claim 1 wherein the contacting and returning
steps are effected in a quench tower comprising vapor-liquid
contact elements and a bottoms zone holding the inventory.
3.  The method of claim 1 or 2 further comprising cooling the
recirculated quench oil before the contacting step.
4,  The method of any one of claims 1, 2 or 3 wherein the
separation step comprises filtration.
5. The method of claim 4 wherein the stream in the filtration step
is continuously passed through a first filter in a filtration mode
to separate the fines therefrom while a second filter in parallel

with the first filter is in a backwashing mode to remove the

separated fines therefrom.



8. The method of claim5 or 6 wherein the backwashing includes at |east one
conpressed gas pul se through the second filter for fines renoval. 9. BT 2006
met hod of any one of claims 5 to 8 further conprising collecting the fines
fromthe backwashing step in a holdup vessel and adding a heavy oil to form
a slurry. 10. The nethod of claim9 wheddin the heavy oil is a portion of
the quench oil fromthe inventory. 11. The nethod of claim9 or 10 further

conprising igtrodThengetiied of elaimh Srafeidif ARFABPIYASIRS firdt FilferCal al yst
regenerator in a light FCC unit for conbustion to regenerate and heat the

catal yst. 12. Thergtathattothecimiemtdrd,. wherein a rate of nmakeup quench oil is
bal anced with a rate of slurry introduced into the regenerator to Kkeep a

steady anoun?. of Thermbkthod ofclaine 5 ov énvbieyeinithe Backwsashingasf thecaver i ng
fines froma light FCCtype effluent gas, conprising: neans for

conti nuously cont keast mne Hdterf furtbert ogasprisesh periodéeally ailternatingothe he
effluent gas and wash out the fines entrained therein to obtain a cooled

ef fl uent gas essefirstaang speend filtersnbetsvaendtite fidtration vsd baockwashingans f or
collecting the heavy,oil fromthe contacting step in a liquid receiver;
means for conti nuﬁ@éieﬁ- recirculating the heavy oil from the liquid receiver

Locevor O™ A "OThe Riethiod of claim ¥ of 6 Wherein the backwashing inludes’ ©
at least one compressed gas pulse through the second filter for
fines removal.

9.  The method of any one of claims 5 to 8 further comprising
collecting the fines from the backwashing step in a holdup
vessel and adding a heavy oil to form a slurry.

10.  The method of claim 9 wherein the heavy oil is a portion of the
quench oil from the inventory.

11. The method of claim 9 or 10 further comprising introducing the
slurry from the holdup vessel into a catalyst regenerator in a
light FCC unit for combustion to regenerate and heat the
catalyst.

12. The method of claim 11 wherein a rate of makeup quench oil is
balanced with a rate of slurry introduced into the regenerator to
keep a steady amount of quench oil in the inventory.

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 free

of entrained fines;



through at | east one filter to renove fines fromthe heavy oil and coll ect
the fines in the at |east one filter; neans for at |east periodicallm A 2008
backwashing the at least one filter to renove the collected fines; aAﬂ
means for producing a slurry rich in fines using the <collected fines and a
slurry oil selected froma second heav@foil, a portion of the heavy oil
and a conbination thereof. 14. A systemfor recovering fines froma I|ight

Moot yPe St he ot 1 o o2 meBAEPo St dMeciihg I Heal 91611 B8t M Pohtklihe! O

receiving the effluent  "gas, vapor- con I'ng ele |spgsed above

the inlet for coggi%qﬂ al ieuid fdcdRr: 9as and washing out the fines, a gas
outl et above the contacting elements for discharging cooled effluent gas

essentially free of e%&aﬁ@%rfddﬁﬁﬁwo%@% @eéik&ﬂhﬁnghﬂiedﬂewpnﬁl AW t he
inlet for collecting the quench oil from the contacting elenents; a

recircul ation | OCtlheflit[uid%béiVéi’ué'the @@ﬁtgc@ﬁﬂgagﬂgpg the quench oil fromthe
|l i quid hol dup zone to the contacting elenents; at |least tw filters

al ternatingly operabl emean§ ifbt passiog thedhedac bilefonn ghedipsd &cbér2006 26 a
filtration loop for circulating quench oil fromthe liquid holdup zone

through a filtratthoouglhde Feakt encafilter ¢o wenmowe finest frefre the hdavyl oijui d
hol dup zone; and a backwashi ng | oop for passing a conpressed gas through a
backwash- node fi |anst callect ther imthefatrleasttone flteom to a

means for at least periodically backwashing the at least
one filter to remove the collected fines; and

means for producing a slurry rich in fines using the
collected fines and a slurry oil selected from a second heavy oil,

a portion of the heavy oil, and a combination thereof.
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 collecting the quench oil from
the contacting elements;

a recirculation loop for continuously recirculating the
quench oil from the liquid holdup zone to the contacting
elements;

at least two filters alternatingly operable in filtration and

backwashing modes;



slurry collection zone. 15. The systemof claim 14 further conprising a
quench l'ine for introducing the effluent gas into the inlet, the quergchay 2006
line including a m xing zone for receiving quench oil to cool the effluent
gas, and a filtrate line fromthe filtration-node filter to the m xing zone
for supplying the filtrate as the quencdBoil. 16. The systemof claim 14 or
15 further conprising a line for supplying makeup quench oil to the quench

tower. 17. The system gffilgaitictNRoo}f foi @i’tﬁﬂaﬂiﬁgtqonelﬁhfaﬂtﬁ*&h @RMRGIR N9
val ves in the backwash and recirculation |oop™for selectively placing the

filters in filtrahohtupnzbrieachvesgh madéitratién-mbde syidteemant 2eturping of

clains 14 to 17 further conprising a source of conpressed gas, a line from

the source to thefiltratekoathie liguiddegduprmbne; aaldve in the line for pulsing the

conpressed gas into the backwashi n? | oop to facilitate fines renoval from

t he backwashi ng- node f albaekwashite ledp forypassitg acionpressee gas $hroligh met hod

of any one of clains 1 to 10 further conprising the_ step of: (g)

i ntroduci ng t he shubackwashrimode dilten and gindraghicing ofines gdhatefsom tegener at or

inalight FCC unit for conbustion to regenerate and heat the catalyst.
slurry collection zone.

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
the mixing zone for supplying the filtrate as the quench oil.

16. The system of claim 14 or 15 further comprising a line for
supplying makeup quench oil to the quench tower.

17. The system of any one of claims 14 to 16 further comprising
valves in the backwash and recirculation loop for selectively
placing the filters in filtration and backwash modes.

18. The system of any one of claims 14 to 17 further comprising 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 to the slurry
collection zone.

19. The method of any one of claims 1 to 10 further comprising the

step of:

(g) introducing the slurry from the slurrying step into a catalyst
regenerator in a light FCC unit for combustion to regenerate

and heat the catalyst.



