- 5 JAN 2007 CATALYST REGENERATOR WTH A CENTERWELL FIELD OF THE I-NVENTI ON
The present invention relates to catalyst recovery and the renoval 0. JAN 2007
catal yst” fines from a I i ght FCC-type efk I uent, and ‘al so to. regeneration . of

t he recovered catal yst BACKGROUND: OF THE.. l,NVEl\I'I'I ON It 'has been pr oposed to

produce |ight ol efins suc@A?ALMSe'ﬁeRE@ENEHA‘TEOFbm m xtures .of .
heavi er paraffr n and ol efin I cracki-ng (FCQ). system
with the reaction condi t I onW?eI_g ﬁbe@émaamﬁ—r n. US Patents - -
5,043, 52 921 .to Gaffney et al.; and 6,118, 035
Fung et ﬁFIéLﬁﬁ?QFF%JRLVEMi;éHUI at ed catal yst and feedstock enter a-
react or under ecific reacti n [of0) e react or effl

i oceased i n o THSmTEsast iRyerSRe falabes 36 satihmEaayan atd T wieval:
that separ s{n0f the cata s th ffl.uent b ener at.ed fo
Fecycl o | PR RS o8 TAE FE G RUPpasiEiant, B, ofset o regRAATEHER, o
conventio re ations. The catalyst-lean hot effluent gases
fromthe c@lctlh(?néégill%rq{g%tg%&ed and separated by fractional distillation,
for exanple |nto ) the roduct constituents. There are, -however,  sone. -
si gni fi camAlifEenehy b it IINVE bl ef i n"FCC process. and

conventi onal refr nery FCC operatr ons. Convent i onal . -FCC. processes -produce an

ef fl uent that "hishasdnééncpnopogeahto preslurfe hgmrcelrefh)sfrsmm benethylenear e

condensed in a quench tower. There is:also.a mnor anount of residual

catal yst - amad propylene filemenfibdares ofhlaeamenqnanaefﬁnwadtthoIeﬁascuslmgmﬁr,
which is collected wth the heavier Hydrocarbons condensed in the guench

Ejof/\?r tb fltrrdrcatabrtrw mtackrsgur(HCC)l systemt lverthueheh reaweron $cmal|¢rmns‘
IfTfrcult to -

descrrbed for example in. us: Patents 5,043, 522 to Leyshon et al.;
_‘5 ‘IT‘J 921 to Gaffney et al; and 6118 035 Fung et al - In thrsr'

"-.system parttculated catalyst and feedstock enter a reactor under_
_ specuflc reactron condrtrons The reactor effluent is processed in a;:
' senes of cyclone separators usually housed in-a vessel that '-
_"separate most of the catalyst from the effluent to be regenerated for_”j
| recycle to a regenerator and then to the reactor ln a manner srmllar :
to conventlonal refrnery FCC operatlons The catalyst-lean hot .':
”'effluent gases from the cyclones are then cooled and separated by
_'h ”_fractlonal drstrllatton for example into the product constrtuents
| _ There are however some srgnrflcant drfferences between the'.‘f'
light olefln FCC process and conventronal refrnery FCC operatrons' _r
T'Conventronal FCC processes produce an effluent that has SIgnrfrcant:"-
) quantrtres of heavrer hydrocarbons that are condensed in a quench;, :
tower There is also a mrnor amount of residual catalyst entrarned in |
. "the effluent that is not removed by the cyclones whrch is. collected-.-;:"
::wrth the heavrer hydrocarbons condensed in the quench tower to:;:-‘:::

form slurry orl Slurry oll from the quench tower |s often drffrcult to-?-



-5 JAN 2007 2 process and/or dispose of; frequently it is burned as a fuel
oil.. In the |light olefin FCC process, there are only very m nor quan§ilaNasi7
iof heavier hydrocarbons in the effluent,gas, i.e. arelatively high ratio
of ~catalyst to fuel oil, so the renoval “of the catalyst fines becones 5
probl emati c because there is very little heavy oil recovered and any

"slurry oil' would have a much higher catalyst loading than in the case of.
t he conventional refinery FCC process . Another issue in the light olefin

FCC process ifrokB8s drRjePeisid off fréGeesty Ali¥ Yurheecysaefiel bAM thiger i ser
effluent by the C 10 cyclones. In the conventional refinery FCC unit,

significant digntblefies FOT paisesy, etHeremaek idhiyhgerj $8Incandudsiiiss tofon t he
catal yst particles. In the regenerator, this coke can be used as a fuel
source for dmdwist hgdrogdrbonsyigethel efflueet pagener at wlatiesiyelighaatiopgll y t he

heat needed to heat-bal ance the unit. Frequently, the regenerator may 15
need to be caoatalyst dopfueieal, sbethatr@nycyalf obrihgetaiargsit inebobecomes
particularly when the feedstock deposits a |ot of carbon on the catalyst.
On t he other prahtgmatie hedauseathers ghvenl btlenheney wilomsswergdrandheny has
insufficient coke deposition in the Iight olefin FCC process to support
cat al yst regedlerat odn weiddt havaeat mefchr gigharopatatyst) lpadiognthem iroribe
gasoline FCC process, it has been suggested that supplenental fuel such as
fuel gas or f@se @f IhgeenentignahreliagerhéGhireea@ssd i nto the regenerator to
achieve the tenpe atkglres.requi r.ed éor cat al ¥sft r}%g eration and the heat of
reaction during ndMQNEAdYSEHRt dN ofBE atlihihs Olefip | RFOCHSEN 185 the
starting-up the unit. to hi eve ,an adequat e .r egener at or enperat.ure.
iqever . as FapelSrafin Didhe FLulRl BEHRiR e Rsdr orhGERT BT e
10 cyclones. In the conventional refinery FCC unit, significant guantities
of coke are formed in the riser and deposit on the catalyst pariicles.
In the regenerator, this coke can be used as a fuel source for
combustion with oxygen in the regenerator vessel {o 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 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, 1o achieve an adequate regenerator
temperature. However, as far as applicant is aware, there are no

adeguate systems known for introducing fuel into the dense phase



adequat e systens known for introducing fuel into the dense phase 5 JAN 2007
bed of a FCC regenerator processing | ow carbon catalyst, for conti nuo-$9JAN 007
operation. Further, there is a need for 33Iight ol efin FCC process an i
system capabl e of processing a |light feedstock that conventionally 5 yields
tnadequat e coke formation, yet inproved sonehow to achieve the heat of
reaction required in the reactor. SUMVARY OF THE | NVENTI ON The present

i nventi on addresses the catalyst handling problens in the Iight olefin FCC
process not edbedo\¥, aprleCer afegeriaratds - préBessingg lewkc@tbari | catddlyst] ofmrt o t he
guench tower and recirculation of the quench tower oil to wash catal yst
fromthe efflcentingaseepevgiionecovering a slurry of the catalyst in the fuel
oil fromthe recirculating quench oil, and by continuously introducing the
slurry into the rEgetheratbera ésracmed fohea dghil gisfinah@G ypplegsshentieat
requi rements ' 15 for catal yst regeneration and the heat of reaction. In this
manner, the $ysiemidapaiiel oleprocessiagad yiightviessishock tbat chaventinaly gas
can preferably be used to supply the heat requirenents of the regenerator,
and at thé& sariBlds iradeguale erkmierroatiany ¥et irfpEaged romahmy dpfacligyegas. 20
The present invention is a nethod and systemfor recovering fines froma

li ght FCC-typdecheptehteqetion "I‘?@J'f%@&i%%lie$%tprsuch a light FCC unit is a

f eedst ock thaé HOVERL [ Higdequate coke formation, for
exanple, a 4 iy a C4 -Ca feedstock. Cracked gases

exampl 6. i man oi | THRerRiRaeSenveRiong adfiRes: e Erldith hilefa T
reactor effluentiaf WRHIEAGRILIdAPPCC process noted above, preferably by

¢

10 using a fuel oil addition to the gquench tower and recirculation of the
guench tower oil o 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 cafalyst and supply the heat regquirements

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

C 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 vields inadequate
coke formation, for example, a C, -Cy, feedstock, preferably a C4-Cyq
feedstock. Cracked gases from the reactor are cooled by direct
25 contact with circulating oil, for example, in an oil guench tower. The
cata—!ysf 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 5: JAN 2001
4. renoves the fines. A slipstreamof quench oil is sent to a catalysLsJﬁsz7
separation systemfor separation of the catalyst fines. Catal yst renova

can be achieved, for exanple, via filtration, hydroclonic separation,

el ectrostatic precipitation, and a conbination thereof. 5 For exanple, when

catalyst filtration is utilized, a slipstreamof the quench oil can be sent
t hrough one of at least two filters to renove fines. Another filter is in

backwash oper ﬁémgoegsﬂhw]‘iﬁegpmegﬁﬁdtrgam dfoguiendly il e sent hech eshthiyzes. The
recovered fines are conbined wth quench oil to forma slurry that carries

the fines to stépafiorGystgendontseparaienqoéntie wdialyst tiress! uGatalyst
conbusted in the regenerator to provide a convenient way of supplying FCC
system heat ramovakrmart fe vdghievad, tibe seampte,nwia dilrationg Mydrocktad yst
fines recovered fromthe reactor effluent gas to the FCC system In this
manner, cat al §epatadigygsetanirdasatic npremipitatiamy ariches camnbimatied itherdnf. 15
regener at or exhaust fromthe dilute phase. Since there is a mninmum anount

of oil gefer ated axarple; PEaent crRiafse fdradipn issutilizgr & etlinsdraament 16 t he
guench tower and provide the heat, required in the regenerator. In one
aspect, the pRéeBAR QihGantbesemi Ry RA abat deashiviriies trrem@veri ng
cteps of - () aepIARIE IBIREHS dn LA WS hORPF oS Ukl COTESSEMER ory
of fl uent gas Gnicoiedly B UBRSETesoo o GsoNered Whe: 60 APEIEH gas
essentially Trag 8lehbRSSH to form a slurry that carries the fines to the FCC
C 10 regenerator. The quench oil in the slurry is combusted in the
regenérator to provide a donvenient way of supplying FCC system
heat requirements, while at the same time returning the catalyst fines
recovered from the reactor effluent gas io 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
imporied to inventory the quench tower and provide the heat
required in the regenerator.
C In one aspect, the present invention broadly provides a
20 method for recovering catalyst fines from a light FCC-type effluent
gas. The method 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;



5 JAN 2002 5 (c) returning the quench oil fromthe contacting step to the
inventory; (d) continuously recirculating quench oil fromthe i nvent.tsr&_ﬂgm
‘the contacting step; 5 (e) separating fgnes froma streamof the quench oi
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 step. 10 In the nmethod, the contacting and collecting steps can
be effected in a quench tower conprising vapor-liquid contact elenents and
a bottons zone that hdtdsetimpingifeatqusnalt ofjusaohttee Icontaeting etepdol at ed
quench oil can be cool ed before the contacting step. The separation can be
effected by any $hedmwgrdorgans, for exanple, 15 filtration, electrostatic
separation and use of hydroclones, and the separation is_preferably

conti nuous. Wen usi nddf i COPHPHBHSIV hEeGIpEANY ofIUENCHr e®ibr A dhfect ed
using at least tw filters, wherein a first filter is in a filtration node
whi |l e a second fi'fP‘f%’?tOfYItQ)HF%PPQFaQ'@QJ?;@P;for backwashi ng to renove 20 the

|lected fines. The fitrat be ret to the inventgry. Th
117t fon and backwadPl ABPREAHTH (068 Lo Tide SHEAT 8l daPIGHEN AL b NIyt he

fi d d.fil: b il ' d_hackwashi ng. _Th
backwachi ng pr of SrstnyeriRvuieaesoveLale Bt EptokEEBahIaIndIEIn iy cugn

e 2 | o2t one L b TRinb Saf kg, Afgbackvash ma mode, 1ntne reverse
fines in a holdup - 5dAMERAKY 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 hoids the inventory of quench oil. The
recirculated quench oil can-be cooled before the contacting step.
The separation can be effected by any suitable means, for example,
15 filtration, electrostatic separation and use of hydroclones, and the
separation is preferably continuous.
When using filtration, the separation is preferably effected
using at least tWo'filters, wherein a first filter is in a filtration mode
C 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 béckwashing can also include periodically alternating
the first and second filters between filtration and backwashing
modes. The backwashing preferably includes at least. one
compressed gas pulse through th'e at least one fitter that is in the
25  backwashing mode in the reverse flow direction to remove the

separated fines, and col!ecﬁng the separated fines in a holdup



6 vessel. The separated fines are conbined wth a heavy oil, such as fuel
oil or quench oil, to forma slurry, preferably in the hol dup vesselbstmg2%7
el ectrostatic precipitation process is simlar to the filtration procedure
insofar as nultiple units are on-line, collecting catalyst fines, while one
or nore are being backwashed. This backwdsh step wutilizes clean fuel oil or
circulating quench oil. The separation is acconplished by inducing an
electrical field across a packing medium Catalyst particles are ionized
and/ or pol ar i ¥eeFelndheoieraraéed dinescyie: crMbirhdth & haavypeibksurh A8di um

ESZFYa'f L;Ehiﬂéei’ﬁ@toirﬁbéﬁcﬂaiﬂﬁ%ﬁf% a5 ﬁ?fhgéf%%%%bvé@dﬁ_“ g a@é‘?fﬁ%@elgié??:s e
Cont i i ng mo t1 pi SR LklBotater BER ey bR STl tocihe ShBtERr ocl one
For ce is usec TR bl fE mficts PHLTER oPPfR bt fEMYSLCS S o

ndior 1 ow 1 7 SREeh A B ARE e b BaLRABRhe 8, ThiS TRReR &8P Ve

requi rement s (@fliZbli BIdUIPFASP dli GrakRchitling st &1l PhsosssaatiBhe i n the
h ercent “of the

underfl ow streamwhich 1s 5to 10 p total nlet flow By

exanmple, if tReomplshed | Bg Mduding22e8Qikefrival €20 08Brdds/Ar paskiigt he net
fuel oil is 2268 kg/ hr (5,000 Ibs/hr), then the net underfl ow nust "be 10

percent of tedicialCatalystwarfdles aperiosingd anddon palelizet 2gel ¢Olededxat0. 316 =
0.1). It is not necessary that the wunderflows from each stage be identical,

but the net wodéact paintssn thatpasdking meediveh. BRemovalmfithenent . The under fl ow
quantity is typically controlled by control valves on the outlets of the
over f | ow and pattielels| mvascomplished i/)y deactivating the electrodes and back-

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 parallel. The hydroclone operates by
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

concentrated in the underflow stream which is 5 to 10 percent of the
total inlet flow. By example, if the circulating oil is 22680 kg/hr
(50,000 Ibs/hr) and the net fuel oil is 2268 kg/hr (5,000 1bs/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). It is not necessary that the
underflows from each stage

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.



- 5 JAN 2007 7 Aslurry is formed by conbining the fines with a quench oil.

Sonmeti nes st
The slurry f
regener at or
requi r enment
conbustion c

eamis added to further distribute the fines in the que
romthe hol dup vessel is preferably introduced into a c
inalight FCC unit for onbustion to supply the heat

of the FCC process. Slurry in excess of that required f
an be introduced into the reactor in the FCC unit where

the i nve

ized into th byl ' d
vaporized into qn\gl;ll{ﬂgév')‘i/’é,‘?orirﬁgarbgCBSrrfoiﬁﬁ\‘Qotif&'ﬁHEQ With acaﬁg'ﬁ?pﬁ?gre

directly to

I rculati™on loop or as t

R

or
it is

backwash. | n Shwiehienegsieam i$ RRIJEE seTurthevalistbuty dye Fafesisypéem for

recovering f

ines froma |ight FCC-type effluent gas. The system inc

means for suppienchgoitiUeme slorry fromth evhaildup veissadys siraferablpvent ory
t hereof, means for contacting the effluent gas with the quench oil

the effl uent igaedacediadh awatabsdirggeniiratar inoa lightalr € Ga undbferd ef f | uent
gas essentially free of fines, nmeans for returning the quench oil f
cont acting seemhustiarete mupplyrihe heareqdioce mesitafribeub0C meocesal ati ng

guench oil f

fines from aSiitFeimescesnof t
fines and kee
slurrying th@

romthe inventory to the contacting step, nmeans for sep
éabmwéﬁqi fer sambustionean deyintwducest er

fro i.n the jinven

of 1 uont gasSthal AP THAKGR lesisd ol Crbs adkEG ALy ftid hantpeg L7

ef fl uent gas
for cooling
the contacti
free of entr

e RRRER R Heb S A e e R He " [ net. 2 gas outl 6
ng el ements JfipiinehSEEar Hepreasitsivatfon Brovidas £epren
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
guench oil to cool the effluent gas and wash out catalyst fines to
obtain a cooled effluent gas essentially free of fines, means for
returning the quench oil from the contacting step to the inventory,
means for continuously recirculating quench oil from the inventory to
the contacting step, means for separating fines from a stream of the
guench oil from the inventory to recover the fines and keep the fines
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-liquid contacting
25 elements disposed above the inlet for cooling the effluent gas and

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

discharging cooled effluent gas essentially free of entrained fines

| udes
to cool
romt he

arating
t he

nd neans for

Ro i scafiBt in e G winit WACHD iF xeporzatdnto e et acpect. of

e

ving the
e inlet

t above

ally



5 JAN 2007 8 and a liquid hol dup zone below the inlet for collecting quench
oil from the contacting elenents. A recirculation |loop is provided f_og‘. N 2007
eontinuously recirculating the quench oilg fromthe Iiquid hol dup zone tl%
the contacting elenents. At least two filters are alternatingly 5 operable
i-n filtration and backwashing nodes. A filtration loop is provided for
circulating quench oil fromthe |liquid holdup zone through a
filtration-nmode filter and returning filtrate to the liquid holdup zone. A
backwashi ng |arog a Bquuiddvoide Zame bedwwvithg inled for neBecling heenet dihfrone il ter
and passing the collected fines to a slurry 10 collection zone. A heavy oil,
for exanpl e, theelcwitectngqwaaiends! fAomeciraukaidy yVipops iadpeavidedt Hersl urry
collection zone to forma slurry of the collected fines therein. The system
can al so i ncladinueuayiorCirchiatng theyaueaghi @i frame thefliquidrolgdp 7en® t he
inlet, the quench line including a m xi ntg zone for, 15 receiving gquench oil
to cool the €Pfth@rorjastingnglaments: r atAl Igast twenfitels arealiginaingie
filter to_the m xing zone for supplying the filtrate .fhe quench.oil. A
line can Be &Wa@é% 'f‘oﬂﬁgﬁiﬁm ¥ MG HaRdes: | alf(f"’frﬁgoau@ﬁ’@n 1§ ower or
to the recirculation Joop. Valves can he C used in the bac h and

recircul ati orPfPHb%%d f{ﬂr §érlcé'g%t?%l ?fu%mééi %} o t pﬁql{'@régﬁﬁlﬁ i44%t i on
and backwash h | hc .a_ S r ed gas,
2 et om (OGN S AHERHEMEEE FhER Ay st a8, B FRTIRERT TR Tor
pul si ng the ' i 3 Lng | AR I nes
renoval f romw’ghﬁ;%@ﬁemgﬁﬁﬁg? B‘n%é@% ww%gb@%gdg@gt%mé\gﬁggb%gﬁrf%sféI y or

LT LSRR b Rof e G PBRHONIGOT RSN Y
inctiude ol i i |ftiohUPPhd] NA heavy oil, for example, fuel oil or quench oil from
inventory, is added to the slurry coliection zone to form a siurry of the
collected fines therein.
The system can also include a gquench line for introducing the
effluent gas into the inlet, the quench line including a mixing zone for
15  receiving quench oil 1o cool the effluent gas, and a filtrate line from
‘the filtration-mode filter to the mixing zone for supplying the filirate 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
C used in the backwash and recirculation loops for selectively placing
20 the filters in filiration 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



- 5 JAN 2007 9 the slurry fromthe slurry collection zone into a dense
hase bed of a regenerator for receiving and regenerati ng catal yst fr.o
p g g g g y r:fjah{){bﬁ]

-

stripper for recirculation to a FCC rea§tor that supplies the efflue
the stripper. Preferably, the regenerat®dr includes a m xing zone for 5
m xing the slurry and the catalyst fromthe stripper and a discharge zone
for introducing the mxture fromthe m xing zone wthin the dense phase
bed, preferably below the top of the dense phase bed. The m xing zone is

preferably athemshuiry$raranheasilyrydiciEsion sonaiinto &herntenphapbdsed béd  The
regenerat or can have a subjacent air 10 distributor for i1ntroducing an

oxygen- cont aregegedsr ddf aeeeivindg anddiegareargéingoratalystdf@matiiey strippdre f or m
of a pipe ring with perforations or nultiple nozzles or, alternatively, a
pi pe grid w for rmecircylationr tneh FGCmeactourtbat eupmiiesl the aitiuest dwv thise
di scharge zone, Still further, the present invention provides a catalyst 15
regener at or BHIPP&genEraicraglys pive: repgherdor ingludesta mhengr ggaaefelt or
i ncl udes a regenerator vessel housing a dense phase catalyst bed, a central
upri ght s an@pxing B Sy raid the Galalygt dram bsestrinRaraindia disgwrge
regener at ed, and centerwel | receivyin | ower end of the standpipe
bortion and @ENEniolg IAHOHAMOLLTSRELFE (TFRTLENS ( BWIBSpEOBEr WG dhE an
i nside diameter. _of the cenferwell . There i val yve fpr controlling the
i ntroduct i ondgpsgp@%s%;teéiﬁr\g??m lbr‘?éowst?@nﬁ’@ BLYQ% Sl Ph?ﬁet -annul us.
I n one enbodident . Ln._a E nj [ ral , cal, .st andpi pe
configurati o:]?'%t hﬁ&g éénei $ B 5%3%%"9a%haé}ﬂ%\%®g g%@t?gﬁy {ﬂr\%ﬁ/@%%%ﬁgmlg
portion, whi [ t r f ertic t j: .anot her
Sopout et e A D TR et LAl AR A,
catdl ysh 511 dRinBliet 16PGALBELLIG i FORRGNELRIINHE e Sljdeel thee
regener at or . e
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
C 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 slide valve

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



10 - 5 -JAN 1007 angl ed pipe extends to the center of the regenerator and
the' standpi pe portion is attached to or forned as part of the end th tﬁﬁ%
‘A fuel distributor is provided for intregucing fuel into the centerwellF fgy
m xing with the catalyst in the annulus. A fluidization distributor is 5
provided for introducing fluidization gas into the centerwell for fluidizing
the catalyst in the annulus. Aradial slot is formed in the centerwell for

i ntroducing the catalyst and fuel mxture fro he annulus intq the dense
phase bed beld@iesh RIBBeCXeRdacto tiher &ﬁnter/m{n éfﬂe degeRERRIOT oANEi M or pi pe

di ib i,s di d.in.the d 10 _ph bed ab h |
ubj acent t SBASPHIRIPATIGN i SHECECHIG BaURIHE] FBaS: Y oePRATIEE Phe. dense

subj acent t SEA PG 48 &
h bed. I . disch . et .i,s in flujd icati gth th
Gense phase Paue! datrrofds RpYi 68 sufeqicing e it dhemmiar ¢Sl on' w th
a dilute p“@??asgﬁfdﬁﬂﬁ]hﬁﬁdﬁgfaﬁ Qh sg b ﬂ T#e e9en .Eft [ &, | Q 15
i nclude a so 4 E&@l"y? 8“‘[ e ‘?\u@ﬁ gq 'O?-'o @mb%ZIS
di i butor . | s di zat . . . g .
medi um wh ciP OV I LG BaE TR g CRRGYIAS, BehlgtRIF ALY, .

: d fueh ;g h i3 i ' [ : /; t
oS N U LNEal W 4 Dl RURla) 8098 Frmecur ce
can further ¢dipeheliam@iirbaabngl the! catipat kg L6l Mndde firmntieduct i on
through the air distributor, tor “exanple, during a start-up. Another aspect

of the preseqniipgeintd ahel GeREEVHIEASE edBeloW awfuppritvalkas theradfi gi nal
FCC unit of side by side configuration to a 25 converted FCC unit for

PGast an ori g el T egencral o o AReTen . 2pent calayet Suppry I1ne
at t'achedOt o phesespeed aboat yibie icdnderwelhdsubjacdAN t2067e 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 cil for supplying the fuel oil to the fuel
distributor, a fluidization medium source for supplying a fluidization
medium which is not an oxygen-containing gas, for example, steam,
an inert gas, and fuel gas to the fluidization distributor, and/or a
C 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



11 catal yst slide valve in the angled supply line. The regenerator has a
spent catalyst inlet, an air inlet and an air distribution assenbly _ 1AN 2007
attached to the air inlet within and neaf{the bottom of the regenerat%‘ll.
The conversion involves replacing the original 5 regenerator with a
rregenerator according to the present invention. In one enbodi ment of such a
conversion according to the present invention, the nmethod includes renoving
the air supply assenbly of the regenerator. A centerwell is installed on
the interior caiatysdmalide vakwer sytheeangted sapplhwiinez dtheoregereiatbehasml at

| east one 10 fuel inlet is provided through the bottom of the regenerator
within the mmrmtalyswmh%m diry &if dnlejagndi 8nr Asudissrbuliag resemstwl | ed
and connected to the fluidization gas inlet. At |east one fuel distribution
nozzl e i s corfftashed t & ather plspbifli ythinelant) eeakt thée bpioa i 6f Lt om of
t he regenerator within the nterwell. An air inlet is 15 provided through

t he regener at/88€6@diUe of fﬁ@ CEHMVETRIAN | INKOIVES | EaRIBEING alhe i%"'@‘ﬁ‘@?al | ed
within the centerwel]. Anréi nt er nal Eé'pe i s .ingﬁ%oéed and connected to the
spent cat gl y JECSMEHRTP Witk @ TeARNEIRIRIRGRATING PARSEAGINYENYO Nt i on at a
simlar angle to that of the ,angled,spent catalyst.supply line, a,standpipe
portion ang an annllrJI g,nez@nalpg Englyt Qéhglécq? cﬁt%‘éﬁmi%é"yoﬁgmg 59. thﬁ'ue | ower
end of the t ' rtion t | nd C rwel I, cr in radi al
ot bet neerb ERERLAAUERFy 2 AT "By e, RhOVHD duk! ER.atPrbme

| ower end of [ ' LS e: le te to
allow fl ow oféi%eﬁ%@gfglﬁégﬁéh?%&ah tﬁgggfé;rr\?%g?%elntggﬂéj&(;fr?nzg‘tegmegégvi de

CetaroLL n Cochap Beie cebangtiiok on AUBRAT ok e of pRotpa
modi'f i edy FCCiyYBI inikBiOprRIAEEE- thiuGh thEIgHdrR Wi the Ridihdratadmih#ihe
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
botiom 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
interndl pipe has an angled portion at a similar angle to that of the
C angled spent catalyst supply line, a standpipe portion and an annular
20 plate attached to the standpipe poriion. 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



12 installed around the centerwel|l and below the radial slot and connected
to the air inlet. BRIEF DESCRI PTION OF THE DRAWNGS Fig. 1 is a sianSUhﬁqm7
schematic process flow diagramof an 5 £C unit, including an oil quenc
tower, used to crack |ight hydrocarbons, according to one enbodi nent of the
invention. Fig. 2 is an enlarged elevation of a |ower portion of the
regenerator of Fig. 1 for regenerating catalyst in a light FCC unit using
slurry of the fines fromthe filter backwash of the oil quench 10 tower
accor di ng t o installede snaunchvidvet i eentervgll ands kelpwarthef rabalr stpnanat or  of
Fig. 2 as seen along the Ilines 3-3 in Fig. 2. Fig. 4 (prior art) is an

enl arged el ecannacted ta thevadr igét.ti on of a regenerator having a side entry
for catal yst used for rating 15 catalyst in a conventional side by

si de FCC uni BRHE DE § 0 317  a | ower. portion of another

embodi ment of a re eerat or acc r_di ng to the present jnvention fo :
regenerating catalf8t 1 ﬁsaal$|§ﬁﬁ*f'§ld g@h@@’}ﬂti%ﬁﬂcwf‘ﬂw té}ﬁﬁreems?é@rby

id fi jon. .20. . h
nvent | onb s Fa-eriih dNUSYRY Rnr G GHENAT | TRIVERT HSEGH tameragk| [GR Foo
claim, ol GHOTRBRIHIY. B PUsb e ot SaRedimeRRPLIte I fiocar on -
feedstock to the R i [ h th
o imsutticlent cdribor? depdd regelged fievelbn §1: & BEE e RBE0 b ube on  or
regenerati on abhaWl R of G ATEEE 2ok HElatRYCERalyBN It AGIgh! FOCIUA 1 ¢ ent

fuel oil int rrser -
C using siurry of the fines from the fitter backwash of the oil quench

10 tower according to the present invention.

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

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

15 catalyst in a conventional side by side FCC unit.

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

(, side configuration.
20 DETAILED DESCRIPTION OF THE INVENTION

The present invention is a method and system for recovering

fines from the light FCC effluent and regenerating spent catalyst. As

~ used in the specification and claims, a light FCC unit or process is
one in which the hydrocarbon feedstock to the FCC riser has a very

25 low resid content such that there is insufficient carbon deposited on
the catalyst 1o sustain combustion for regeneration without a

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



13 effluent for conventional slurry oil recovery, i.e. less than 2 weight
percent of the hydrocarbons in the reactor effluent gases fromthe IS§EN2NW
have an at nospheric boiling point above 550F (288C). However, if thi§
anount is greater than 2 weight percent, the filters can optionally be
bypassed and this material used as thej3slurry. The FCC process enconpasses
a fluidized catalytic reaction system converting a |ight hydrocarbon feed

stream preferably having a high aolefin content to a product slate rich in
propyl ene an@fé‘t'?l'gﬂ @fe‘?o'i?ﬁé'tﬂ?/%ﬁlc%wrﬁr%'bﬁ%ﬂ\é?"é&: hyA-dges fhagueweighti o from

T S L B U o
i . i - : . oefj o C /G5
P, 71 RS A T PR SRR L
cracKing P oRRSREYer, JnbhhiFis Bl haRTASR 4P itoad Fasibe Mool
where 10 I siltbrodali SBGRAIY PAEBPPAI S SRS ateppl) Ak b hine 104. 1

desired, steam can al so jected into the riser at this point.

Reaction condjyrnpmshéF COepFd s éﬁé’oﬁ%ﬁs@%@ﬁ fluigigedscatap@idc bed in U S
Patents 5,043,522; 5,171,921; and 6, 118, 035; each of which is hereby

i ncor por at edréestidm shygterel eoaveeting a ighehydradarbonTeedytieaesar bon gases and
catalyst flow upward in the riser 102, where the cracking reactions take

pl ace. The hpdefecabhohayagpa highdlefinagrdendte esppedattesiate righsiar i es of
conventional cyclones 106, 108, and the product gases at a typical
t enper at ur e pfopyEese-ansd wthylersn-Tibyicar propyleae/elnylenetgrodusp of the
stripper Ves?aetlio %rloom\{tihg rleiarg:?orlclzgh be 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,/C5 streams, refinery C4's, light

naphtha produced in thermal or catalytic cracking processes, or

the like.

With reference to Fig. 1, a superheated feed, typically at
427°C (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. 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
106, 108, and the product gases at a typical temperature of
593°C- 649°C (1100-1200°F) are routed out of the top of the

stripper vessel 110 via line 112.



- 5,JAN 7007 14 The effluent gases in line 112 can be cooled to generate
steamin a waste heat boiler (not shown), and then are routed to a g9gagha(y
tower 114 where entrained catalyst is washed fromthe gases by contact - with
circulating quench oil. Overhead vapor from the tower 114 in |line 116 at a
typi cal tenperature of 93-204C (200- 40q§) I's then routed to conventi onal
product recovery facilities such as distillation towers (not shown) for
recovery of ethylene, propyl ene and other products. Catal %(st separat ed by

the cycl ones 106, s ¢f£IU@<51tL gages ut linf 11 tqadznbﬁ qcnglegt qJEa@ne&alt@f and
Egg‘%ﬁﬁéﬁ TleBUCH anbasts Bt %p%&fsfr&fz:%c{vﬁai.s%?«ﬁ 5Bépraifﬁ%‘?qﬁu%ﬁilg€qia other
. ' 1 '
ren oned” e aRer A3a WSS sbitai AR amfute el ad iR dene
! | |
hat “has. f or 1 Sned et i) e BAE fletion 2 QG HRERL varRRIre, g
catal yst actitelyower 'PH1 QheAnkOY 167 8F 14 Gypld] ORriflefdifirs | sPi93l084vEa | | ne

104 as previously nmention ecause t e Is insufficient coke to provide

the necessary206al00fF) rRacthied fqutsHsSital ROTRGPARIAL Yrodlich FddVEr)
regeneration tenperature of 677-732C (1250-1350F), additional fuel "is

necessary to faoilitiegt @uche aedisthRltrr doners hgndteahbwn)syst egcovéhe dfuel is
preferably in the formof fuel oil, e.g. pyrolysis fuel oil, that contains

cat al yst fi nesthf/lers,tgrepyleme mndotrerlirbdacts.descri bed in nore detail bel ow,
but capability for adding fuel gas can also be provided, via line 184 for
exanpl e, to supplGatayst separetadimgthd ciokinesd] 081 0& isicollectectahthauousl y
bottom of the stripper 110 and contacted with steam (not shown) to
strip residual hydrocarbon gas from the catalyst. The steam and
hydrocarbons exit the stripper 110 with the other effluent gases
through the cyclone 108 and line 112 as previously mentioned.

The catalyst then flows down through standpipe 118 into the
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
reaction to sustain regeneration at a typical regeneration
temperature of 677-732°C (1250-1350°F), additional fue! 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 below, but capability for adding fuel gas

can also be provided, via line 184 for example, to supplement the

heating if desired. The slurry is continuously



5 JAN 2007 15 supplied to the regenerator 120 fromthe slurry surge drum
124 via |ine 126, which is designed for mtigating potential erosi O-n?,JAN 2007
Accessory systens include conventional FCC systens such as, for exanple, air
supply, catalyst hoppers and flue gas handling and heat recovery. An air
conpressor (not shown) supplies air vialdine 128 for regeneration of the
catalyst. An air heater (not shown) can be provided for startup. Fresh and

I h h id f K d
oed cqui |1 bRHBRIEBECAteasaeatar (5 GBI e elued:ser,dadmat2d 918r t aken
f th . as. | | | Lin.th t.,.ln th t 120,
catal yst i s Lpaz dumicoin drdtnedhe a8 dhini pBtentigfefaeRones 130, 17
desired, ' ' t . b
used to' mnimi 2o EhEaEl BeBe s Mo Ter PoRv ShuGHaL P ] RIS Mef ea oy

heat i [ : | ML o o BGL A
fihes from PRoriHe R TR I SR FEsta P REppohy Bha e g6 nah BN 1Y o
poi sons foundnignhédPtebver! AR alr EomcralsabY Thot Whdvin ) Qﬁgﬁgéétéii’%'ié

Y
cl eaner feedstocks used in“the I'i1ght olefin ZCC proces’s can be used as

an adj unct i fin€orzs %ﬁr@gehémi@rﬁrmqha%at@wsnmi&noaéatérn(ld@tnﬂﬁé\!vh?] The
quench tower 114 includes a vapor-liquid contacting zone 30, which can

i ncl ude conveahilsmaropaed fgr startumyBresh amseﬂentabat@lxat hiopyieds {pbdup zone
132. Effluent gas fromline 112 is introduced bel ow the contacting zone

130. A recirshoemn)oard pupvitat fonstodee minmaketip beat usedhegqgidbrit®@d and
return line 140 to introduce a continuous supply of quench oil to liquid
di stributor catalysiihad is Rgpiatiyasspegtiveheadded tonot takeypfricastthag zone 130,
the regenerator, as is well known in the art.
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
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.
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
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 ail,

and



catalyst fines in the effluent gas are washed into the quench oil, and - 5
JAN 2007 16 the effluent gas is cooled. The effluent gas typically enRtNsHT
the quench tower 114 at 427-538C (800-1000F), and exits at 93-204C

(200- 400F). The quench oil can be maint&bned in hol dup zone 132 at a
tenperature of 177-371C (350-700F), and cogled to 149-288C (300-550F) in
exchanger 138h@ggifiuentag %e@st%@@-t rldemefluest ggas typicadlyi eaders; Aee quench

Lot ORI TR AR ORIl i Y BEEOEE
el udes, ©xcanaanol D HRE Ul R4 BB IR T Bl AR TIERS o0
190, can b | 8 [ObERurdh 1TFATISE (KO TP Lig! copaidioqehgal ool no

114, For  expapd 850260 17886h4R08r PIBRGAMGIS Oleldsfodi Ne dhpzarhan gpol the
ef fluent gases to 427-538C (800-1000F)" in the mxing zone 154. Afiltration

| oop 156 i ncktgips. punp 158, filters 160a, 160b and Iline 162 for returning
filtrate to the quench tower 114, either directly or via the recirculation

| oop 134. Backwash dgahedysthedjwends towerviiddd cana ihthdlel Gl dexandesguri ze
and flush the collected fines into line 166 and slurry drum 124. The
backwash gaseoabngrezhnen el abevesthee pirimolafyr contactingezbngad 30aisimiady f uel
gas. One of the filters 160a or 160b is in filter node, while the other is
i n backwash roobgurest withxpupiparovnad Jeep 14§, that ncludes gx¢hangearid8dipen and
val ves 175, 176, 180 and 182 are closed when filter 160a is filtering and
filter 160bfurdhereraglimgdhacaurnsh odovddv82°br RUAHOOREY rteXarmple. f i nes

A 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, 260-288°C (500-550°F) quench oil in line 152 can cool the

effluent gases to 427-538°C (800-1000°F) in the mixing zone 154.

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 be

selected from an inert gas, air and fuel gas. One of the filters 160a or

160b is in filter mode, while the other is in backwash mode. For

example, valves 168, 170, 172 and 174 are open and valves 175,

176, 180 and 182 are closed when filter 160a is filtering and filter

160b is being backwashed; the valves are switched after the 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



have accunul ated in filter 160a and it is ready for backwashing. The
filtration is preferably continuous and should be at a rate that keep$.JAN(7
fines level frombuilding to excessive levels in the quench _5JAN 2007 17

oil, preferably no nore than 0.5 wei ght percent fines, nore preferably no
more than 0.2 wei ght percent, and yet nor& preferably no nore than 0.1
wei ght percent fines in the quench oil. As an illustrative exanple, in a

quench tower receiving 23 to 91 kg/hr (50 to 200 Ibs/hr) catalyst fines in
the ef fl uenpilgseferablyenameee thmn Kb pyeighbpererithiines.: mene xaed®rabky/ hr
(50, 000 Ibs/hr%\qcr)f uenﬁh oi |l must be fi Iltyired in order tog maintain a
catal yst coR€efargt £2 veighbirareepkrarttyatnmone preferakly 219 dRoTwop 134,

The backwash co ins.a high concentratipn of catalyst fines, on . the order
of 10 Lo 20t ghil BEIGHhPeTaERE TRgs dhithg: ABANEL Pladsedn dusiafiitageabl o

ci oul at i ngSaalie B 7 TuehetElery PRt 333 Yinkbdaante S0 el on o 1
is pref erabwtaefﬂ%\aﬁnéé) that required for conbustion in the regenerator. If
the fines concentration is in excess of a manageable |evel, additional fuel

oi | and/or ha @i, €far edxt e r u %'Bcbthis
excess can eqﬁgc?/fg ueecrlﬁta%?@’t F]oe[J rgl&ée Vi gsl Pﬂfaml g@ejll?ggﬂi'i ?ﬂeek,?llzt e
conpressed gamro@0,CONVISheNbf YuBhER TN int8t biaeriltehedninlgerdot Mainthin | s not
necessary to enploy a punp to transfer the slurry into the regenerator 120

via line 12@.cdalysttoneeatrationestd Dieightupesceht amthberediremalth igopsuppl i ed
to the regenerator 120 for conbustion to supply the heating requirenents

and return tiBd. That bholevasi comdainegehéglmconecentration wsft eatalysdvilnesy, ori f t here
Is excess slurry, it can also be introduced to the riser 102 via |ine 127.
In this the order of 10 to 20 weight percent. This concentration is reduced to

a manageable level, for example, 2 to 4 weight percent, 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 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,

guench 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 added

to the effluent gases via cyclones 106, 108 and subsequently

condensed in the quench tower 114, whereas the entrained catalyst



manner, the quench oil in the slurry supplied to the riser 102 is added to
the effluent gases via cyclones 106, 108 and subsequently cond‘ensed__ijtjANr%&U7
guench tower 114, whereas the entrained catalyst 5 JAN 2007 18 is ’
eventually transferred into the regenerator 120 with the other catalyst
recovered fromthe cyclones 106, 108. I§ the regenerator 120 (see Figs. 2
and 3), there is a 5 standpipe 118 and plug val ve 200. Spent catal yst flows
down the standpipe 118 and passes through the catal yst plug val ve 200.

Aft er passiisgevéntuadly treasfdroed \iatoséh@@8gehbmitoattdy sitic hlaagstbherdi recti on
and fl ows upwardl y through the annulus 202 of the spent catalyst centerwell
204 using acatalysliresoveredytrom the oyclosesviGh, |1t 10 125 to distribution ring
204b positioned in the centerwell 204 below the valve 200. The fluidization
medi um or gas call HBe fregengradapl 20 dseanfidh Znahfl ghstheigd is @l gas.

i ﬂ;raiyi?b' éw‘@sz% 198,884 p?g&;v‘ﬁlv‘?%é"’od f’#‘mgrf?ta@it'aivséafﬁo”’% &%rvﬁyaé‘é{ c. ‘steam
di schar ges. PETGHIE G AYCPoPRCEHoTGU dpRcraties) PR vANG 200 on st cam
provi de. addiEbmAsy Y GRY P aher Bl Rsﬁf%”?QPyéﬁ”e Getatfyy Ehandhy 7 S

vapor | zat | ofegbud e HEGK ivardy LBGhole AQNKIRT, B8 ORI g gas s

preferably no atlo n order to avoid, or at

| east m ni MkZ@yy G UEHIE FEIN 204t Gélﬂgté‘ﬂmdﬁﬁﬁ@ﬁgd s intHucEPvigafisd yst is

di verted outvvardly Into the dense™phase b fromthe circular slot 206

defineg by {ps wpraﬁétrmm@shnwmgofzwbe podhidid ehVWHe citenidll BP0 Ut er
peri phery of annular plate 20 The
below the valve 200. The fluidization medium or gas can be, for
example, steam, an inert gas, and fuel gas. Slurry oil (line 126)
and a fluidization gas (line 123) are introduced via lines 129
through nozzles 204a. The fluidization gas, for example, steam,

15 facilitates dispersion and atomization of the slurry oil as it
discharges into the catalyst in the centerwell 204. The dispersion
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-
20 containing gas is preferably not used as the fluidization gas here

in order to avoid, or at least minimize, combustion within the

centerwell 204.

The catalyst is diverted outwardly into the dense phase bed 122

from the circular slot 206 defined by the upper terminus of the
25 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 catalyst is distributed radially outwardly

info the dense phase catalyst bed 122 well below its upper

surface 209.



annul ar plate 208 is secured about the standpi pe 118 and preferably has an
outer dianmeter at |east that of the centerwell 204. In this manner tHgAN 2007
catalyst is distributed radially outwardly into the dense phase catal yst
bed 122 well below its upper surface 209. SJAN 2007 19 The dense fluidized
bed 122 is aerated by air provided by df air grid that preferably takes the
formof air distribution ring 210. The ring 210 has a di aneter between the

b T L B R A e

f f [ I [ ) J h I
P ST ef e S8 AR AR e
0 1 oulcnd 16 MY SO I YAERR Y ol ifgtinag shece bed 122

t he bed 12 I ' e ' i 44 n t he bed
155 Typi o A1 eRPEH 2040800 th€ DRLEY e rRE f 168 UHRRBA OB 12A0 1o 1350F)

preferabl y fr e 68derdfltof Hth AS tha2BEMaticN@ic AavRIPRRRfarel frobfie air from

the ring 210 and the catalyst/oil mxture fromthe slot 206 at relatively
hi gh vel oci pédsrationsi or titzzlen e phee tihediskde phask! beat €232 0¢esl mxing in a
conbustion zone within the bed 122 to provide uniform heating and :
regener at i oglualy dihandahel geebonTire the egtalpsiade bbete dtwédoh B021dsi gned for a
superficial vapor velocity of between 0.15 and 2.1 m's (0.5 and 7 ft/s),
pref er abl y isbienpedany tasindrod uces the ssluorySoideatalyst msixturendntookhee pref er abl y
between 0.61 and 0.91 ml's (2 and 3 ft/s). The volune of the bed 122 above
the air ri ndense pbiesel dedel 22dn gelativiedy clesg ipgpuimity to the air and

below the 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 677-732°C(1250 to 1350°F),
preferably from 691-718°C (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 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 0.15 and 2.1 m/s (0.5 and 7 ft/s), preferably
between 0.45 and 1.5 m/s (1.5 and 5 ft/s), and more preferably
between 0.61 and 0.91 m/s (2 and 3 ft/s). The volume of the bed
122 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 complete
combustion mode, there is generally no need for a CO burner to
convert the CO to C02 before discharge to the atmosphere, but

one can be included if desired. More heat of



residence tinme to ensure essentially conplete regeneration of the catal yst.
O f gas is conventionally recovered overhead fromthe regenerator 129 J%N3g07
separator cyclones 130 and an overhead line 212 (see Fig. 1). Since the
regenerator 120 is operated in a conplete conbustion node, there is
generally no need for a CO burner to cggnvert the COto CO2 before discharge
to the atnosphere, but one can be included if desired. Mdre heat of 5 44N

2007 20 conbustion. i s.generated ang Eence ess _fuel .ojl is peeded, when

conpl ete conﬁﬁgit?'{#z'qu 'gcgﬁ'@f@g‘?d:Eﬂe sfeqre fessqlieh ofll s &bhd, but as a
tical ' iS. t hi . | et nmbusti on.
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conventi onal to%ig%e?ggﬁggge&ﬁqaﬂgi&hom in Fig. 4. Catalyst is fed to the

regenerator via an ang . a catalyst slide valve 416, and an 420.

10 The engls qhea regéﬁeﬁitohypmvéa?ﬂ% ‘Rseradenditteebowrithsutugpero surface 209
of the dense bed 122. Conbustion air is fed into the dense bed 122 via an

air feed app@r@m&ﬁ%icmyar@mgmrgmm ad @Watmanwn whiciigcomménigccor di ng to
the present invention and is useful in a FCC unit having a side by side 15

confi gur at i omadaed togrobwtethetddnvieesioh@f GQdor@Qgenerator shown in Fig. 4.
Whether in a newinstallation or as part of a retrofit, such a regenerator
400 provi des gr eaflde lozear petioat of & pyior art side by side conventional
FCC regenerator 404 is shown in Fig. 4. Catalyst is fed to the
regenerator via an angled pipe 414, a catalyst slide valve 4186,
and an 420.
10 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 present
invention and is useful in a FCC unit having a side by side
15 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 feed capability is provided when processing light
20 FCC feeds in order to provide the necessar;/ heat of reaction.
The angled pipe 414 for catalyst feed no longer terminates
at the inlet 420 as shown in Fig. 4. Rather, angled pipe 414 is
coupled via the catalyst slide valve 416 to angled pipe 417 that
extends 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 circular deflection plate 450

is located below the



to accept conventional or light feeds, since a fuel oil, quench oil or
slurry oil feed capability is provided when processing |ight 20 FCC f&ehdl X8y
order to provide the necessary heat of reaction. The angl ed pipe 414 for
catal yst feed no longer termnates at the inlet 420 as shown in Fig. 4.

Rat her, angled pipe 414 is coupled via the catalyst slide valve 416 to
angl ed pi pe 417 that extends therefron1substantial|y to the vertical center

axis of the regenerator 400 and has a vertical stand portion 418 extending
t her ef rom i HWet ged Qnlher sland perdionad &3 rt@dﬁgfre%m%@ﬁﬁiMsbf|9W@”'9150 is

| ocat ed bel e J 2007 . 21 | ower endt 0 and ortion 418 to
redirect th %@tﬂél%@:' Gi N ainng AHPRRAGRMST @V Fﬁfpé%rh‘ﬁﬁ)nents havi ng

it of 51 Sﬁﬁﬁﬂye"é?%%?a%f'ﬁéﬁﬁfe&@Wﬁl@” % Cconvent ﬁﬁm "Tegenei ator, for
exampl e, the T eORIBIRLOLISPRMINR of idl i o BRI GRRNSR HEIE P 2

converted FCC un|t aV| n regener a t her eby

reduci ng theccgﬂgﬁt@_nalqegéﬁe?a%mfo@te%n\i\bﬂeh tﬁ?jeééﬁéf&t%?'s% iR new

regenerator. air supply assenbly 409 Wwou e renmoved. T e cent erwel |

204, flui diFzgt 4orkafedeusdRlSttéd bt bena rddMiediedt FAWtuMP Hdvigg 2P4b and  fuel
di stribution nozzles 204a would be installed at the interior — base of the

regener at or r@gémématdha00end ehowir ik Fdg. E,hfhaebY réidsicirigd theé @apitape 210 woul d
be installed around the centerwell 204 and below the radi al sI ot 206. The

defl ect or plkasts 456ovmtdd with thesfabricationi thannéwerexprieratel ITO4. Pi pe 417
with the standpi pe portion 418 and annul ar plate 208 would be installed
such that wiresupplycfssemeblyt40@ would be réhdoved.chis demterwdlb204nt erwel | 204
2 fluidization medium distribution ring 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 deflector plate 450 would be

installed within the centerwell 204. Pipe 417 with the standpipe

portion 418 and annular plate 208 would be installed such that

the end of the stand portion 418 extends into the centerwell 204 a

sufficient distance above the deflector plate 450 to allow flow of

the catalyst and provide adequate deflection of the catalyst flow

direction

for mixing the catalyst with the fuel oil vaporized within the

centerwell 204. The hydroclones 430 may or may not have to be

replaced or reconditioned or repositioned within the regenerator

400 such that their ends extend below the upper surface 209 of

the dense bed 122.

The present invention is illustrated above with respect to
specific embodiments. Various changes and modifications will
occur 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.



sufficient distance above the deflector plate 450 to allow flow of the
catal yst and provide adequate deflection of the catalyst flow directi5ofAN Q87
m xing the catalyst with the fuel oil vaporized within the centerwell 204.
The hydrocl ones 430 may or may not hdve to be replaced or reconditioned or
repositioned within the regenerator such that their ends extend bel ow

t he upper surface 209 of the dense bed 122. The present invention is
illustrated above with respect to specific enbodi nents. Various changes and
nodi ficatigpg,w Il occur to the skilled artisan in view thereof. It is

i nt ended Il such nodifications within the scope and spirit of the
appended clains be enbraced thereby. 5 JAN 2007 22 Cains 1. A catal yst
regenerator for regenerating spent |ight FCC catal yst and heating the

cat al yst tlo Auppthiyshemigenoraor oL regantatingc spgniti $ighg: FE(r egeaiestatnd vessel
housi ng a dense phase catal yst bed; a central upright standpipe portion for
recei vi ngheatdng plascatakirsiity stpply heat toegeeCatcadtoracemprisinvgs| | recei ving a

| ower end of the standpipe portion and, defining an annul us between the

st andpi pe por t PERSRRRItNY Vasseldrousing aetease phasheatabyit dedel | . a val ve for

i ntroduci ng spent catal yst .t hrough t he .standpi pe portion intao the annul us;
a fuel di stg ri EBtC&P%ﬁﬂiruﬂ)‘/"r&Ll'}toS&%‘E‘ﬁﬁ efR?éTlopangBQ?ﬁ%‘Vg'%ﬂé? Seemt ‘F%?Flfyrff)t‘? ng with
the catalyst in the ;. a fluidization distributor for introducing
fluidization gas qénﬁe%@ﬁ%}éﬁgd’

a centerwell receiving a lower end of the standpipe portion and
defining an annulus between the standpipe portion and an inside
diameter of the centerwell,;

a valve for introducing spent catalyst through the standpipe portion
into the annulus;

a fuel distributor for introducing fuel into the centerwell for mixing
with the catalyst in the annulus;

~a fluidization distributor for introducing fluidization gas into the
centerwell for fluidizing the catalyst in the annulus;

a radial slot formed in the centerwell for introducing the catalyst and
fuel mixture from the annulus into the dense phase bed below an
upper surface thereof;

an air distributor disposed in the dense phase bed subjacent to the
radial slot for introducing combustion air into the dense phase bed;

a catalyst discharge outlet in fluid communication with the dense
phase bed; and

an off gas discharge outlet in fluid communication with a dilute phase

above the dense phase bed.

2. The regenerator of claim | wherein the air distributor is an air distribution



centerwell for fluidizing the catalyst in the annulus; a radial slot forned
in the centerwell for introducing the catalyst and fuel mxture fronrhtjA¥ 2007
annulus into the dense phase bed bel ow an upper surface thereof; an air

di stributor disposed in the dense phase bed subjacent to the radial slot
for introducing conbustion air into t dense phase bed; a catalyst

di scharge outlet in fluid communi cati on with the dense phase bed; and an
of f gas discharge outlet in fluid conmunication with a dilute phase above

G <t 71 but S aopSel i nd EnsEHASE el AP Prtelet SHBIABB M0 e dense

phase bedrgliglélothe centerwel | subjacent to the radial slot. 3. The
regenerator of claim1 or 2 wherein the fuel distributor is at |east one
nozzle. 4. The regenerator of any one of clains 1-3 further conprising a
source of fuel oil for supplying fuel oil to the fuel distributor. 5. The
r egener at 3r The reggnenatorodf clasink ot 24whardihéhe doelpdistrimafon i$ htledistabé on  gas
source for supplying fluidization gas to the fluidization distributor. 6.
The regen@péﬂér of claim5 wherein the fluidization gas is steam 7. The
regenerator of any one of clainms 1-6 further conprising a steam source for
supplying steamto the fuel distributor. 8. The regenerator of any one of

clainms 1- rei ve is |ocated a l.ower end of the standpipe

portion. & THRCRaRnbiipt BE FRy;Snd BF MLt an e b litafie e SR BRI o a

| ower end : : i qal i ed within the regenerator.

10. The rggégnoéggﬁﬁﬂﬁlg%%gﬂotpst%:l?g?%;&%rgﬁﬁa lerein the regenerator has an
5. The regenerator of any one of claims 1-4 further comprising a fluidization

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

7. The regenerator of any one of claims 1-6 further comprising a steam

source for supplying steam to the fuel distributor.

8. The regencrator of any one of claims 1-7 wherein the valve is located at a

lower end of the standpipe portion.

9. The regenerator of claim 8 wherein the standpipe portion is a lower end of

a central vertical standpipe located within the regenerator.

10. The regenerator of any one of claims 1-9, wherein the regenerator has an
angled spent catalyst supply line extending into the regenerator and the valve

is located in the angled spent catalyst line prior to entering the regenerator



angl ed spent catal yst supply line extending into the regenerator and the
valve is located in the angl ed spent catalyst line prior to entering % 7007
regenerator 5 JAN 2007 24 and the standpi pe portion extends fromthe angl ed
spent catal yst supply line wthin the regenerator. 11. The regenerator of
claim 10 wherein the standpi pe porti orbd' s attached to the end of angled
spent catalyst line. 12. A nethod of converting an original FCC unit of side
by side <configuration to a converted FCC unit for processing |ight

f eedst ock rel : i [T :
regener at S‘P d\r?g\e/is%ﬂa IB§ entlg%%t% g?‘gcgﬁr?ﬁ“ Eehteb?'g%lééltiS:p %?ﬁ %tt%ﬁéégghghl}glhpe

di stri but mmiﬁ&ﬁgq@g@@hﬁ@phed to the air inlet within and near a bottom of
the regenerator, an angled spent catalyst supply line attached to the spent
catalyst inlet, and a catalyst slide wvalve in the angled supply Iine,
conprising: replacing the original regenerator with a regenerator according
to any odd.dhecegenerator of ¢lainz]0 Wiergin thedstandpipeveortiongisattasheditnal FCC
unit of side b %i de. configuration to a converted FCC unit for processing
li ght feedlteago é*@glﬁ‘ibﬁ‘m@lttc@t@%%lmﬁﬁ, wherein repl acing the regenerator
conprises: renoving the air distribution assenbly; installing a centerwell
to the interior bottomof the regenerator; providing a fluidization gas

inlet and,at Le el i thro .t he t fe t regengrat or
et and 3t hegkynoe dislonatata 15 URAIeTCReL LA, o S ifBeagE e
connect ed By Hﬁgi&ﬂ UodiaZ RhQErtEAS T SlnifNfhrd r&@%%@érlf‘gﬂt”? eddfdi ! bution
nozzl e connected to the corresponding at |east one " nlet at the
interior viabRMRS ofiBshdl BECCHA% HasVitt Iehst 4 @ripaRAlefaiRhnkrater AvARO4

spent catalyst inlet, an air inlet and an air distribution assembly attached to

the air inlet within and near a bottom of the regenerator, an angled spent

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

valve in the angled supply line, comprising:

replacing the original regenerator with a regenerator according to any

one of claims 1 - 11.

13. The method of converting an original FCC unit of side by side
configuration to a converted FCC unit for processing light feedstock
according to claim 12, wherein replacing the regenerator comprises:
removing the air distribution assembly;
installing a centerwell to the interior bottom of the regenerator;
providing a fluidization gas inlet and at least one fuel inlet through the
bottom of the regenerator within the centerwell;
installing a fluidization gas distribution ring connected to the
fluidization gas inlet and at least one fuel distribution nozzle
connected to the corresponding at least one fuel inlet at the interior

bottom of the regenerator within the centerwell;



25 providing an air inlet through the regenerator outside of the

centerwell; installing a deflector plate within the centerwel|l; |nsL£5HAm

an internal pipe connected to the spent catalyst supply inlet, whereint
internal pipe has an angled portion at a simlar angle to that of the
angl ed spent catal yst supply line, a standpipe portion and an annular plate
attached to the standpi pe portion, wherein a |ower end of the standpipe
portion extends into the centerwell creating a radial slot between the

of tho st andpi B o AE Jhlet. MM SHAC erRBdl SR’ I ARECL, low

of spent catal ysteentdii@yph the standpi pe portion and provide deflection of
t he spent catal yst flow'direction for mxing the spent catalyst with fuel

oil that is vappallia ?cbdeﬂmtmpmeqmmﬁmrmeldenwu he converted FCC wunit is
operated; and installing an air distribution pipe around the centerwell and
bel ow t he r adimatal$ingt araimterntal pepe ednhectetidoghe spahetatalyst supply inlet,

wherein 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 plate attached to the standpipe portion, wherein a

lower end of the standpipe portion extends into the centerwell

creating a radial slot between the annular plate and a top edge of

the centerwell, and wherein the lower end of the standpipe portion

is spaced above the deflector plate to allow flow of spent catalyst

through the standpipe portion 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 converted FCC

unit is operated; and

installing an air distribution pipe around the centerwell and below the

radial slot and connected to the air inlet.



