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WD 2005/ 073347 PCT/ US2005/ 001724 SYSTEM AND METHOD
FOR SELECTI VE COVPONENT CRACKI NG TO MAXI M ZE
WEROBOGBHON OF LI GHT OLEFINS 5 CROSS- REFERENCECT/082005/001724
RELATED APPLI CATI ONS The present application clains
priority to U S. provisional application Serial No.
60/ 538,906 filed January 23, 2004, which is herein
i ncor por at ed ki% reference in its enti ret%. 10
BA NB ME;
i nvent i onTQMAXM BRO ) L
catalytic cracking (FCC to maxim ze the yield of
- light olefins. 2 nd the Art The fluid
catal yii o GRS RER ks F e ABRRnATINSa 't o
cra hi gh boi l.i ng. petr.ol eum f.yactiqQns by. contacting. -
thec[ﬁ’legﬁ’f e%%ﬁ”f ‘?‘P\Eﬂl‘iﬂg‘@g‘ Prrl?’ii{yd'ozﬂé °é°£f’§ﬂ9 application
arti c j ri.ser. to u riqaci.ly notor fuels,.
SeF g\]:os g%?g?ggﬁ)geigleg Jg.él}.l | %g,a %(g%fftw%lfchl 1lsé1${re1n 1nc£rporated by
ar: . h as C3 and C4 conpounds 20 and |i ght
re%?éé{c%ﬁ%@%%ﬁhiééﬂﬁpr opyl ene and butyl enes. However, the
relative demand for the light ol efins has been
i ncreasing. Therefore, the FCC process needs to be
adapted to produce noresaCKOreseND ght ol efins. For
exanple, U S. Patent No. 5,997,728 discloses a
1. Gadldlof she Siyedrgionf or maximi zing light olefin yields in
FCC. The process enploys 'a catalyst with large 25
ano (itespeseshapyenteh eclatasctocy sphtemepratidiethe@ forh8d catalytic
Pat ent No. 6,069, 287 di scl oses a process for
cra@fingt(FOe) yo praxdmigerihe ygdd ofiligheelefissi n a FCC process
froma thermally cracked naphtha stream The naphtha
streamis contacted with a catal yst containing from

2. 0L 394 LRk

The fluid catalytic cracking (FCC) process is commonly used to crack

CKING
aLan .:34 !l'l K- GHE 9 EF'IN§| d

high boiling petroleum fractions by contacting the high boiling feed with
fluidized catalyst particles in a riser to produce primarily motor fuels. It also
produces a certain amount of light hydrocarbons such as Cz and C; compounds
and light olefins such as propylene and butylenes. However, ti'le reiative
demand for the light olefins has been increasing. Therefore, the FCC process
needs to be adapted to produce more of these light olefins.

For example, U.S. Patent No. 5,997,728 discloses a catalyst system for
maximizing light olefin yields in FCC. The process employs a catalyst with large
amounts of shape selective cracking additive. |

U.S. Patent No. 6,069,287 discloses a process for sele;:tive’Iy pfoducing
C»-C4 olefins in a FCC process from a thermally cracked naphti'xa S‘L;eam. The

naphtha stream is contacted with a catalyst containing from about 10 to 50
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WD 2005/ 073347 PCT/ US2005/ 001724 wt % of crystalline

zeolite having an average pore dianeter of |ess than
wWab@wan7B47 nanoneters. U. S. Patent No. 6, 093, BGIUS2005/001724

di scl oses a process for selectively producing C3

olefins froma catalytically cracked or thernally

Wté}r ?IC&g uce %@é‘%lgltgﬁlp ro %ISl %ﬁ%—]‘%‘% 3) 0] I'Tg%i!?%]él f%? SF’etg C %bnout 0.7

naﬁgﬁ@(ﬂ@_strlpplng zone, a catalyst regeneration zone,
and Fractionation zone. The naphtha feed streamis

conas! pekehN Nd1®, 08886711 s€1858& %}&e@sqa; 8t¥stively producing
contai ning from about 10 to 50 % of a crysté¥F|ne

Cs Dl Rothay bAIPticAKEE2GRed PO HBerGh AREERICKE SFapHAA stream.
about 0.7 nanonmeters at reaction conditions which 10

The nephdiea tserepeat & intesduacdgnng afprocesabonit coffprised6d® feaction
and a hydrocarbon partial pressure fromabout 10 to

zod€) pstirippivapone pr odirdys rseenarefibeoud, and dridvtiadatind zone.
the catal yst particles are passed through the

Themephsha deedoriacam istaoataripd fip the seaciion zose with a catalyst
regeneration zone. Volatile conmpounds are_stripped

cowaewnggf@amhwtt HhtespPivpp"h gt 2 GRestatkenerasel IEEabantan average

articles ar e cat al st 15 re ener Lon
pobSiHaniaER 163k SR aR M ayh O, P RBI LR oRes o L ongy Oa? yhich
indif180 te h SEYS x'neds 19 5€ elgaghl, {‘568“’8 6&83 heag &ruo%tar on
FFOM TRBPeACT] oneZone Car e assed‘% ¢ &CTi ONA

pa}@aﬁﬁ) &jé% ffo té 124 t&ﬁoﬁasskl U g&" @f&g;&@%rﬁ cShéfaq

ric and/ o ol efi

ovétl'x!'ebﬁ Fé'rﬁgt%(gé&alyg: hektipRt ant %a%ﬂﬂrghgﬂ tﬁ@@tlﬂﬁﬁl@l%%ﬁ% on

for producing hi'ghér yields of t ol ef

thé fekudendcstal §ﬁ n&FiondzoH0, @&Ztﬂeﬁeélrﬂx o@ﬁ&s are stripped with
6, 313, 366 an 38, 169, for exanple. ere is yet a

std2@e th tios sﬁiﬁiﬁﬁg&m&eﬂmm ¢ethlyetphttadled areabdret todthe catalyst
maxi m ze production of light olefins nore efficiently
regancratidre gono/wihere 26kSIEVMARYA Bompr theaesgalyst, whiehfik dhen
catal ytic cracking of hydrocarbons is provided
recycled to the reaction zone. Overhead products from the reaction zone are
passed to a fractionation zone where a stream of C3's is recovered and a stream
rich in C4 and/or Cs olefins is recycled to the stripping zone.

Other patents describing FCC processes for producing higher yields of
light olefins include U.S. Patent Nos. 6,106,697, 6,118,035, 6,313,366 and
6,538,169, for example.

There is yet a need for a FCC system and method that is able to

maximize production of light olefins more efficiently and selectively.

SUMMARY
A process for the fluid catalytic cracking of hydrocarbons is provided

herein. The process comprises contacting a feed of heavy/high boiling
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herein. The process conprises contacting a feed of

heavy/ hi gh boiling 2 WO 2005/ 073347 PCT/ US2005/ 001724
whgasorzsibons with a particul ate catal yst in aPCPES1008001724

zone under fluidized catalytic cracking conditions to

convert at |east some of the hydrocarbons to [|ight
s T S

caﬂa’l c2kRid ngccbrﬁﬁgoﬁé ReCorRiR el e ﬁéas@fsoﬁ&n&%%'%geaﬁoﬁs to

one separation systemw thin a contai nne

11gﬁ€81€ﬁﬁ§ h@RINES Rl 3 té B arbOR lAbMEE BbAvS SRR EBEN OM¥RRS 8hd a
enclosing an interior space having a Stripping region

gasHod sl RPataihetd tHe lightWlkkBhs bhe &Yier PREGERP T @bhedtsion to a
systemthat is directly connected to the riser

cydleac serarionesyistenp e8tHin anash tavimeat fsepheatiyrc veswel, the
separation systemincludes a first cyclone having an

contairement/ skpasditiqyr essselr ancisingrsaitdrist spaqE hagvinggi smipping
having a second pressure, the interior first pressure

regient Agd ait UbpeisTegioin whichsthe pydlone separationtyystem that is
stri ppi ng reglon second gressure The. gasequs

dirggidy semreipd 5p HariEiser wretiQBFonstis PopHinHad avhesein Vsetcyclone
I | t dflo
seRgeting Sris a%@ﬁi«r&ﬂ%@?& :iagsirfgi}a% %ﬁl@r?&a pmsure and
aj% %St f eare on{'x Vi Sa rCat I onre\égals el Feno 1I' '}./ recssure bein
art PEEs e thé ﬁ‘g PR errea’etﬂo1 tHe ' Bprng &
T
at [e Jhggout 6% p}?ﬁqgw&aﬁ‘w&fe Q&g;ﬂel%% ?ﬁég‘: E&g& g)gé&%lre The

a stri [0 renov ons,

gaéé'b%s%}r BBAMIn g;%%d‘ﬁ’b@share a@b_fé%ldfrgﬁﬁdﬂ']:ﬁcﬂt%% Qﬁﬂuﬁgs in the

noved "t hrough t'he cycl one and through the exit™ port

cydiBge tpaRPRE Gatathwel MAF b Cheprédectt iparatian sk EFdcBdnation
to a regeneration zone for decoking, and the decoked

seétior @g@RNeiraimbfaat akystatipar Vsl TRy @thlyen patticles are then
transferred back to the reaction zone. BRI EF

traisHERPId (e Skeipphidig RIRAM. NGB e\fgreing watadydiochmieidssa@r@ntacted
descri bed below wth reference to the draw ngs

withha stiipping gas to remove entrainned hydrocarbons, the stripping gas with

entrained hydrocarbons being moved through the cyclone and through the exit
port. The stripped catalyst particles are then transferred to a regeneration
zone for decoking, and the decoked or regenerated catalyst particles are then

transferred back to the reaction zone.

BRIEF DESCRIPTION OF THE DRAWINGS
Various embodiments are described below with reference to the drawings
wherein:
FIG. 1 is a schematic illustration of reactions occurring in an FCC

process;
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25 FIG 1 is a schematic illustration of reactions

occurring in an FCC process; 3 WO 2005/073347
wWEANSOEBP05/ 001724 FIG 2 is a diagrammatic PCT/US2005/001724

illustration of an FCC system enpl oying the invention

enpl oying a single riser reaction zone; FIG 3 is a

01 AH@MIRL b Grigdrul3hEAL (L4 G0 oﬁgwé@élkfé%n'f&%ggs%s%e

enpl oyl ng rioser reaction zones

1n\&h%ﬂ drhpl¥$incad singldrissstaetidhfhaeenti al versus
product " recovery efficiency; and, FIG 5 is a graph

i1 el 2tid BG4S 58l el stchiory Of sHSlfRAIONTEr Sy tém
DETAI LED DESCRI PTI ON OF PREFERRED EMBCODI MENT(S) 10 The
emipléying dues sisef rdalodoh meersj on enpl oys a catal yst in the
formof very fine solid particles that are fluidized
i n 8lGedds agraglodbisthatithg psessare déffdrontmbyergus pepdiuictal
riser reactor. The feed is contacted with the catal yst
recavenheifiiencymst, the vertical riser reactor and
lifted with the catalyst to the top of the riser
r eaFlGr S ing gyerk iliywating SsHg |SP&¢CH§1%WP1‘81§ fepd copegrsia-
a relatlvely heavy hydrocarbon fraction having a
relatively high boiling point and/or nol ecul ar

ret or PRBFE R DR RE G i pRERRReES HREORREER®
2 O AP EEALY o Lin RS ABIR0 ALATR: L form of very

exanpl'e can be a nap gas oi
finf %%hagfmﬁaf Q%ﬁéﬂ s ﬂdlaﬁzefd%da h,sa.&loﬁ’leﬁ(frf%' B 536 the%orm of a
havi n '1ng range o from about 250C to about

vel#2Erisdh fa‘ea&:@&al Disd ree8 @8 cbﬁtatcﬁé& Wity €8 bl Rt BRe 3B¥tom of
catal yst commonly used in FCC processes. These

th€ aérricus HsedRsaetarl dnd LRE8 ivdth ele ba@lyaabitie ttyp of the riser
crystalline alumna silicates. The preferred catal yst

reaxbom ciseddssribed nzeelfullpbelaw. t hese

The feed is a relatively heavy hydrocarbon fraction having a relatively
high boiling point and/or molecular weight. The term “relatively heavy” as used
herein refers to hydrocarbons having five or more carbon atoms, typically more
than 8 carbon atoms. For example, the feed can be a naphtha, vacuum gas oil
or residue. Typically, the feed is a petroleum fraction having a boiling range of
from about 250°C to about 625°C.

The catalyst used in this invention can be any catalyst commonly used in
FCC processes. These catalysts generally cohsist of high activity crystalline
alumina silicates. The preferred catalyst components are zeolites, as these
exhibit higher intrinsic activity and resistance to deactivation. Typical zeolites
include ZSM-X, ZSM-Y, ZSM-5, ZSM-11, ZSM-12, ZSM-23, ZSM-35, ZSM-38
and ZSM-48. A more preferred catalyst of the present invention is based upon

Ultrastable Y (USY) zeolite with higher silica to alumina ratio. The catalysts can
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exhi bit higher intrinsic activity and resistance to
deactivation. Typical zeolites 25 include ZSM X,

W@ 3MEN733E6M 5, ZSM 11, ZSM 12, ZSM 23, ZSM 35, PCBBR85/001724
and ZSM48. A nore preferred catal yst of the present
invention is based upon Utrastable Y (USY) zeolite
W t igher.silica to alymnpa.ratio. The.catal ysts can, .

ve Yot adoorumsy SRR B oE kS ing A G bontasil

[ v ect i
stri BT RROR B PR B R 1 Bt S RREa SR Pl Buncs to

i : S L :
sﬂaﬂ@g 8{16%,'%%'@%1?.8% ?ﬁ%ﬁ??ﬁﬁﬂs%@@ﬂ 1Lfhs. N%h FolitESralysts

especl a efins to smaller ol efins.
sublo Bs ZBRbITHRUS A Y& Bror SHER A A RUPARY LAY RyeH.
i norgani ¢ oxi des can also be enployed. 5 The present
| NVEREIRBsdMXhtAes Sekaelicdidelectiivity v the gight olefihis(€3-Ca
(C3-C4 olefins) by neans of the FCC unit hardware
olefi@s] by mexpeyr @tthn FGdOnditth anbvar dlesipt, apysdting conditions and
formul ati on. The hardware design, operating
caipdystiforronitican dlizahatdmare designl arerating cendiions egdtaatalyst
achi eve kinetic and thernodynam c effects which_ favor
formndagpp due taidaredfto grhiova Kinqiie apdithpymedyramin eff¢css varch
the, m xture_ of 10 catalysts used in thi,s invention is
favos the Pepdrtinh phelekngy Féeaat@aﬁbf%waﬁ%ge thpagjxture of
above, sych that the catalyst ctiyvity for catalytic
cafiirnrs msptl i ke Babeind SRRt vl
conversion of ek ol [ ' i .
ac§BFLIRD, Buch BRSNS RO oot Bl inign 1o
i ] . i ' .
e GhnidelE bl Yt roplipideiin S DBt B LR R EHEP Cright
oldFERGH! PRSI MhSROLE Weidht 516Ena! ®hild tRY LA, G8 Fésaturation
IlTustrated. Paraffins are cracked to produce ol efins.
of h&figiMSolefiNO WRYE brodidRd i aainiklzdd, oduce napht henes
t hrough cyclization reactions, smaller olefins
t hr ReghrrieigaokiIng 1, easibh© peactivith Waichf ddoig ihF@O glre
hydrogen transfer. O efins can al so undergo
diagrenenaticdllyoitinsiated apdialiine sre aradked 20 produee blefinso Olefins,

olefins or cycloolefins. Aromatics can be produced by
however, can react to produce naphthenes through cyclization reactions,

smaller olefins through cracking reactions, and paraffins through hydrogen
transfer. Olefins can also undergo isomerization. The naphthenes can be
converted to olefins or cycloolefins. Aromatics can be produced by
dehydrogenation of cycloolefins. The aromatics, in turn, can be cracked, or can
undergo dehydrogenation and/or alkylation to produce heavy coke, and
polycyclic or heterocyclic aromatics.

The desired reaction is the conversion of paraffins to light olefins, which
is characterized by a faster reaction rate than the undesired secondary
reactions. Thus, by limiting the reaction time, one can terminate the undesired

chain reactions quickly after the olefin production has taken place. The quick
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dehydr ogenati on of cycloolefins. The aromatics, in

turn, can be cracked, or can undergo dehydrogenati on
w@pasor3sal kyl ati on to produce heavy coke, and PCT/US2005/001724

pol ycyclic or heterocyclic aromatics. The desired

reaction is the conversion of paraffins to |ight

terﬁliﬁ%igﬁ 'of \éﬂ gﬁe rgéct.%ﬂiscig %&ﬂ&%@&hﬁfﬂa%%gaa {/é}'?/ts?for’tc residence

reaction rate than € undesi red secondary reactlons.

timb WSthesdr! @hEoR AnbiNE10rE ﬁﬁbbﬁan&iﬂ%gi&@%a& _Hfidi&h i dptrtion of
the undesired <chain reactions quickly after the

thet@lctibn irodU el Pomhas chalpht RltAaGeterdi@atibh 6Ktlhe MAction at the
2005/ 073347 PCT/ US2005/ 001724 term nation of the side

end @A €hé GiBSr teict@hi eved by having a very short residence
time in the riser reactor and, nore inportantly, quick
andRefefrriagertw SePlY. &, iadfCOfsysteme IdEastillontrptatifootthe selective
fromthe catalyst at the termination of the reaction
compontuat cracling oft the inyeyion: cHee aystedn REPdneludlgs povertigal riser
FIG 2, a FCC system 100 is illustrated for the o
reagipiot@ | v dhedBifis fesdtis dntgedneryl wttorthe Hsarelfty Bioughdnjectors
system 100 jncl udes a vertical_riser. reactor 101. The _.
103 Keagperded CRel S er sanoad (s erand pad arfoaarm%ldﬂ@‘ﬂard in
thigjectﬁrs. 2. Regenerat.ed catal yst m xes with the
G HaT WAG DOHHC SFTH TEHHSREYES i n the riser wherein
t hecracki ' . !
tyoFOarTY 2hn ERESHE SbOEE, sy CRIENEY B ERpEPAR b about

656%9%, 78046 QG dARd &Q&ﬁg@@éﬁt{& HEa8d 1B h8uAME obb$8 at a

usual Iy occurs at a teénperature In the range of about

ternBath R RORHY rLRRG6r abOWt HoGHOEALBBAL BBDEal pressure

in the riser favors light olefin production.
Ceneb@ thydrot A ohl S tiaPpRSSUFEin thé iseRfavoboOUfhfblefian 25

psig, wth a 15 hydrocarbon partial pressure of about
pré&duaicl) @eherally) danmissr pekarreds \segas abayt 1DaoFedsigs wath a
di luent to achieve the | ower hydrocarbon partia
hypgresshom pattialgprdesurcof mbrithBze 1t Mesig: oBigetri onotier] diyrgas may
ol efins, certain selected )
be used as a diluent to achieve the lower hydrocarbon partial pressure.

In order to maximize the production of light olefins, certain selected
components of the product of the first pass conversion are recycled to the riser
reactor for further cracking. This mode of operation is termed selective
component cracking ("SCC"). The selected component to be recycled and re-
cracked could be a range of materials such as higher carbon number olefins, or
straight run products from other conversion units. The selected components
are not mixed with the fresh feed at injector 102. Rather, these components are
injected separately through a set of injection points in the riser reactor system

where the conditions are ideal for cracking these components. The lighter

selected components are injected through multiple injectors 103a upstream of
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conponents of the product of the first pass conversion
are recycled to the riser reactor for further
wee@skiizgz This node of operation is terned sSePEDUS2065/001724
20 conponent cracking ("SCC'). The sel ected conponent
to be recycled and re- cracked could be a range of
tericals s hi r._carho fin
h oG iRl B o o R B SE b Sin 1y
thBLERLALCOMBANERL fhe R 4k aa?%) irh Dol &tafyst eed
at gnj ector 102. Ratehe%, e{t}‘ﬁeé}?’co #neﬁ?%‘ are éﬂfs

I nj ehRLiz8ERR6AHR! MathbRY8RidRnES tin® id 44 GRPLABNPMAHiPe of the
in the riser reactor system 25 where the conditions

invdh@iohdgaingbPrestd@fei thife bllesS 60 MRBaRbssugherdckedd, @ut also
sel ected conponents are injected through nultiple
indrep st the Sedfdtary psictaan thfat r6diN 2OOBIEQV 38Ught olefins.
PCT/ US2005/ 001724 the fresh feed injector 102 and at
Prefeimtl sesilence times eaggafroneftSta 40.0 sdvondsghioye pirefeably 1.0
contact the high activity, high tenperature catal yst.
to Byft pedondsiand whst preferehbt 1 Shtor 28 sheavdstinme is an
i mportant feature of the invention._ Longer residence
t i nehgIrreRter eidiuchbesits pbtlae iop ef Hew Hel apdiendpspseparator
I ncreases, the secondary reactions that reduce the
vesAeL 40 gid i JRIFOENER] AP ot Aratteiiteanf dUFiRARK tFdreyelone

seqaagis. coRoren e oG r ey sepy ToB s B Y clard Rty amd
the B}?erh%é{& FQlm ﬁ{‘étl é&%{&leeﬁ' t x‘is, gﬁeé 8 tbWRcGhd ta&ée 195 RP%nal
en 10 an ce

ers separator Vesse IS intro I nto at

se Tﬁ%ﬁbnp Nhe S J@E%ﬂ%i/oﬁ%’l?di;ﬁéfg P08 i él%P&fi?bef $14. The

e gas and solids are nostfy separated in firs

oa§ChRNR N1 bt tidRighthifi@varsand ridiauf b[*ﬁﬁax?ry &laefiBnadidn
a

is directed to second cyclone 112 for fin
colsERA kald dwnsthans prodisct epRratidn thstetgwhdi Pl ageud pdoduct
into the stripper 114. The gases are sent out through
fragtibhetard §&pdrateal thaxbngh arnyomberoy fractianatiomatépsn Some of the
colum and downstream product separation system where
produdte wse peaydledtback torthetreanony &s sepdicacddboteough a
nunber of fractionation steps. Sonme of the ]

A unique feature applied in this invention that helps to preserve the yield
of light olefins formed in the riser reaction zone is that the cyclone 111 operates
at a lower pressure than the interior of the vessel 110. This pressure
differential is maintained by having the gases from the stripper vessel 114 pass
through an orifice in the roof of the cyclone 111, as described, for example, in
U.S. Patent No. 5,248,411, which is herein incorporated by reference. The
lower pressure in cyclone 111 provides complete separation of the reacting
hydrocarbons from the catalyst so as to quickly terminate secondary chain
reactions, and thereby preserves the yield of light olefins. Referring now to FIG.

4, it can be seen that when cyclone 111 are operating at a negative pressure,

i.e., when the pressure in cyclone 111 is lower than the pressure in vessel 110,
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products are recycled back to the reaction, as
nmenti oned above. A unique feature applied in this

WO poosfotizen t hat hel ps to preserve the yield oPCT/U§W05/001724
olefins fornmed in the riser reaction zone is that the
cyclone 111 operates at a |ower pressure than the

the Oé}]{o?{éllcp k c%(r Wﬁ&gﬁ?&e ks gimask‘c)-lilab% Piver: {I?e épessu e differential

Fent i S malntal ned by having t ses From

is zte i, r\‘NHQﬁ Re¥&338b ahlftcRasse 11D Efé"agﬂ"'tﬁ@ sQﬁieflbl%@sﬁﬂ% the
€ roof of the cyclone 111, as described, for

efﬁ@i’éﬁﬂ? b€ prodiict YesovePRiLoY %NQNhém 2fdord 11, 1 W &tha | ipSessure only
her el n |ncorporate by reference. The |ower pressure

0.4 psiBigha@ndahlthepreviulesncesypdl atle, geppradicnreabvdryefficiency
reacting hydrocarbons fromthe catalyst So as to

drogpsi tokdejow 80R6. nEhe loeaorydime wieasureIFeventt {hmrsacting gases
thereby preserves the yield of |ight olefins.

froReflewmgrpwowithothe @paratedcatalgst 9dids sdorghtthgibiplegs and
cyclone 111 are ogeratlng at a_negative pressur?

intp the intgrign of Hesspt £4du @hPW“é? dbgrgackng igasesienld Fepain in
the pr re in ves 0, 7 WD 2005/073347

consarh BRBORSIBEATIUAnS Hae BIPSise Seosa, Brg sy soutpare

10096 When, th ssure differential 1is zero,
ad‘?tlé’n timsntoRresetd Tig %@f%@?&? LY {950 gﬁﬁéa "at the sane

h
Dner Rl Byl b 805X ggfégg HOGHELESS B3I Yod Saldlh

pa}tpg& t&%nl% %ﬁgﬂrxﬁtﬁ ?)(g&gﬁﬁow %%wﬁ%ﬁ%%téﬁéﬂ%ﬁh%d

I Ccl ency rops The | ower cycl one
o%eﬁ%‘cﬁg PR YRt IdTehE eALdiNgr HRE6Rs. ThematAlpud particles also
down with the separated catal yst solids through the
coribapl Bg8rctadbon NirotHdlep bt @inidodntedin \sease hylitécarbons after
O herwi se, the reacting gases would remain in contact
sepéirbtioh o ahalysér phasd imethel qywlnes dd dnaadyl e dttei ks
woul d have additional time to proceed and reduce
depediscdéactivytef the witalybnby bl@king aciiyctdveess wi she o¢acting species
reaction in the riser reactor 101, the catal yst.
to fur adtivieesitasenf she chtedest- Rhe ﬁapﬂ&wcﬁﬁlﬁﬁmlweéfar% Wi cosrusting
material termed "coke" that is a by-product of th %{
the eelekVHE Freadtgcareontaming gaafy 3 fegrarra tirasyegpdol 20 However,

before the regeneration step, the catalyst is stripped with steam in the stripping

vessel 114 to remove the accompanying hydrocarbon vapors that would,
otherwise, burn in the regenerator and represent loss of the valuable products.

Referring now again to FIG. 2, the catalyst particles which flow out of the
cyclones 111 and 112, fall into the stripping section 114 of vessel 110 wherein
the particles are separated of any entrained or adsorbed hydrocarbons by
conventional countercurrent contact with steam. The stripper internals are
designed to maximize contact time and surface area for mass transfer between
the fluidized catalyst phase and the stripping steam phase. The stripped

catalyst particles then drop through downflow line 115 and are carried by



10

15

20

25

contai n hydrocarbons in their pores and entrain sone
hydr ocarbons after separation fromthe vapor phase in
w0 b@spyshones 111 and 112. The coke 15 deposi t BCT/US2005/001724
deactivate the catal yst by bl ocking active access of
t he reacting species to the active sites of the

I Lo
oGS TP fﬁ%%%%{syﬁ%aﬁ“g#oéiw 1ﬁfle%t 7 AR ioghuppged into
thearrﬁgc%g%?[fﬁtﬂ %@dvl%si re grQera | S S t\flﬁ?\f&ﬂtgett . Uniform

generation step e~cata st eam

dlétﬂbﬁﬁgn Hthe Ehﬁtg lad\éﬁ%scl%l étlﬁll t'h% EeitByY 6f f}féeregeneratlon bed 121

acconpanyi ng hydrocarbon vapors that woul d,

is REHGEM SR re%mﬁlﬂglcdtagsf SSRRET M @lsudide LB4. e&‘ﬁ@sdu@&é bend
of" the val uabl e products. Referring now again to FIG

tradsfdriReCpdakysds Paniduel @afighiaiod kiost dithiraftes Bfosion problems
cyclones 111 and 112, fall into the stripping section

asddblatefl wits seherldddignsefor simildrhdilypzr phadecsatalyst sepefeat edch as
of any entrained or adsorbed hydrocarbons by

thevaw ehan shaw soulredrosizontal tto yortiead ttuwn £or téaee%rmlsm of the

stripper internals are 25 de5|%ned to _maxi m ze contact
spenteatalygt s hisaeeaae a0 senfgdstiompetidts eirqeble-frene

e
ang DT GRS FePE A IS0 08F GBI oF FRACPRET Y AP Topdgpired
ret 8RS AR R PRI R SBLTC SPor 120

thr ?ﬂ&gg . aﬁh%ngr%z%aﬁug HifMis gr'flt}t)ﬁh@&ﬁ ey @h@i‘e%el?l%r%f%QZO

| ad yst ent €r t he regener at

thr:'o%]grh infeti IMPHLABE bdP12 1 egaLNiRTtEabhak ¥el @Cd:héﬂzb YoRBWeposits
surface area. The square bend 5 transfer |ine

onPBE TIPSt Partiitl i re@sH tgubakiion. tdwhbakiioh pakeslet 123 is
erosion problens associated with other designs for

reicgthtakive iof utptupdlig ef eatlaldystibtitarssdiech tisatcheasygete
use of an el bow for the horizontal to vertical turn
cofitaininigegesriarsppend uoifotrhly acspenthechtdkyst so Fhits msafchrthe
bend configuration results in trouble-free
digtnibrsigncfitba sefnt prtalyse font thedyet A2 o Theexbepst reyflting

the regenerator for uniform
gas is sent through cyclones to separate out any catalyst particles and then

through outlet 128.

Regenerated (i.e., decoked) catalyst particles are then withdrawn through
line 131 and flow down through regenerated catalyst standpipe 130 and via
regenerated catalyst feed line 133, into the riser 101. Line 132 serves as a vent
to facilitate downflow of the catalyst particles.

Referring now to FIG. 3, an alternative embodiment 200 of the FCC
system is illustrated. System 200 is similar to system 100 except that it
includes a second riser reactor 201. Initial feed is introduced into riser 201

through injector 202. Selected components recycled from the first pass
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10 and thorough regeneration of the catal yst, so that
catal yst activity for desired reactions is maxim zed

wo evostohs4pr oducti on of |ight ol efins. Oxygen cPOI/aBI00510p1724
gas, e.g., air, is introduced in the regenerator 120
t hrough inlet 123 under bed 121 to fluidize the bed
and to oxidi 0si t .

cofipich & b P SR EARO e foer i, BE 8B, K, Reeopgipted

catedyst Trd RE bRk %gl?gt &aﬂhﬂf&l 130/ iLht2ifleed into riser 201

I'stributors such t t he oxygen containing gas is
vieSigBAtk M FRY fael RsSothe TR @R BN aTsdOrddBidRO1 exits
the distribution of the spent catalyst fromthe
at Ot oflid. risthenelatslodt esdirit Rofirsg @gclof eSENT. The ostgihead
cyclones to separate out any catalyst particles and
frohih éle fitdiroyulpheds ihtedbdd@el inPd a Regeme catlede (312, The solids drop
decoked) catal yst particles are then w thdrawn through
thicugh thelcyelhefdiplegs avie thistupbingageiver ht‘d Asadesicyibed above,
standpi pe 130 and via regenerated catalyst feed |ine
the pg;ssupe Jrsidrecydleres bl and 1@ isdosssthapeiicaprassyenvithin
facilitate downfl ow of the catal yst particles.
SURRRIBEIFEE oM to FIG 3, an alternative enbodi ment 200
of FCC 25 system.s illustrated. System.200 is .. .
o el g et Go S EUROTTID HeDeqth it GRiUgng seibotivity

el S PR oSl at gt

: _ e f LI
GRS A P L opR RS process at
lowd! HAHYESH o Rl Brddsitd. BOAhPArdcAlSst phrdA3sressure X,
Regenerated 'catalyst fromregenerated catal yst
whdrandRiche r4d0e kom Ab6@ULUC pdig tatdbduit S pdB lit dHrfbe seen that a
regenerated catal yst feed line 233. The effluent from
detiea®e of Badicvari2éhl pantidl presturt b€ Styg ¢X-5t hel) résdts and
is introduced into a first cyclone 211. The overhead 5
drimenictlie ithpreedeedctingy its progyleck cAdcdrdingly, Bas erfdature of the
cyclone 212. The solids drop through the cyclone
iningloag ¢omdaict hlee ECO piocess ateghydrdcaabomp agtigbprasedre of no
v
m(i*%othgh about 10 psig, preferably no more than about 7 psig and more

preferably no more than about 5 psig.

While the above description contains many specifics, these specifics
should not be construed as limitations of the invention, but merely as
exemplifications of preferred embodiments thereof. Those skilled in the art will
envision many other embodiments within the scope and spirit of the invention

as defined by the claims appended hereto.

10
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the pressure inside cyclones 211 and 212 is |less than
the pressure within stripping region 114. Referring
WOWsOEB3F g. 5, the relationship between propyP&nes2005/001724
selectivity 10 and feed conversion with paraneters of
Eﬂg¥g§§23%§&gﬂiﬂgtial pressure is illustrated. The
" advant age of operating the FCC process
at | ower hydrocar hgn rtial pressure. For .
hy dl odaPERSTSp AT 118 T sally e ackpiapdrpireeathoy poygprising:
from about 10 psi.g to_. ahout 25 psig, | an be seen
t ha) G GEHRE AT oL SPOHOR derh by R BpRS S a
psig (X-5 psi) results in 15 dramatically i nproved
i LBt AR HBY Foh EEacHRBGOBF P Raly 6 £PAaEpEr o
of the invention to conduct the FCC process at_.a
conditipe 4 ISGRVEA R least sprelthe franphydrocarionmtolight olgfns
psig, preferably no nore than about 7 psig and nore
hapingfEempt {0 hearRrRata@H about 5 psig. Wile the above
description contains many specifics, these specifics
20 Bheemeying a seadipnsmixiage sentiaining #PeBheatglystirarticles and a
i nvention, but nmerely as exenplifications of
gagpopfsertresdn eabtadhingrihs lighs otadins aptbeibies keadtioh prodids to a
art will envision many ot her enbodinents within the
cydoop eepardtiopi syistemn fdinendy iconaented o thesrapetipneeprisy at frast part
cl ai mrs appended hereto. 10 WD 2005/ 073347
of LT/ dySRORS DAt sIAHAT hednCpssikiEDed Srithin am prieties space
for the fluid catalytic cracking of hydrocarbons
enclosgd bgiangssela paiclointenddri sypcea ipelivdbrgya feepping region and an
relatively heavy hydrocarbons with a fluidized
uppar tégioh &t evhict dhey at leant partedche oyclanneepardéion system is
catalytic cracking 5 conditions to convert at | east
poSitioRedf saileybRaeysehyrhtogasioas ihdudinghat lehef ons cyclone
having from 3 to 4 carbon atons; b) conveying a
coﬁﬂ%ﬁé(ﬂ Qiredily toltiee e@ittidhniong Sicdvingbaliysdricgrafitst pressure and
and a
said stripping region having a second pressure, said interior first pressure being

at least 0.05 psig lower than the second pressure;

c) separating the spent catalyst particles from the gaseous fluid within
said at least one cyclone, said gaseous fluid being ejected as effluent from the
separation vessel through an exit port and said spent catalyst particles being
transferred to the stripping region; and,

d) contacting said spent catalyst particles with a stripping gas to remove
entrained hydrocarbons, said stripping gas with entrained hydrocarbons being

moved through the at least one cyclone through the exit port.

11



10

15

20

25

gaseous stream containing the light ol efins and ot her
reaction products to a cyclone separation system

walkoosorizy7 connected to the reaction zone, at |PRPEFUSPaF 001724
10 of said cyclone separation system bei ng positioned

0 of said cycl one n syst i1 one
ot &r Fof Bepdfsd ARl bl Ry aSomeRiiPacte S¥En and an
g kgl k Bt S el S LA o Bledta SHSLORE for

separation systemincluding at |east one cyclone
de¢qdiR&ct ed directly to the reaction zone and having an
interior first pressure and 15 said stripping region
havi ng a second pressure, said interior first pressure
being at least 0.05 psig | ower than the second
pr eSshe pregessey gtadm; ?28”%?%@ nsbmtingdhe st particles
fromthe gaseous fluid within said at | east one,
cycholrsoking #f lgagiepnertion efithsaitigred satadwstds rRIrvidsent
fromthe separation vessel through an exit port and
regenrtptepeatalygl al yst particles being 20 transferred to
the stripping region; and, d) contacting said spent
catal yst particles with a stripping gas to renove
entrai ned hydrocarbons, said stripping gas with
ent AaThedrhgehsod sidient whereig thewatalystheougrisehengor more
| east one cyclone through the exit port. 11 WO
zeANPSMATS 3 BeRCTddUB2A0EHEQI TR £ongistifige! 37 9E.e63MeX, EBMI-In
1 further including the step: e) transferring the
ZSui-6i, EedH 1dazaMr4P, PaAVERS| Z3Mt3D, LI gihandt43M-4bne f or
decoking. 5 3. The process of claim2 further
including the step: f) decoking at |east a portion of
the stripped catalyst to provide regenerated
cat 8l Tk précesbhe dinc & sehedéincihaitimdtovdrdioai faed Bemprise a
catal yst conprises one or nore 10 zeolitic materi al
peeleeeh &thclivarndvireg g@hoilin gCramsie S iffogn aboldS¥50ZSNbXsbout 625°C.
ZSM Y,

6. The process of claim 1 wherein the catalytic cracking conditions
include a temperature of from 500°C to about 600°C, a pressure of from about

10 to 25 psig, a residence time of from about 0.5 seconds to about 10.0 seconds

and a hydrocarbon partial pressure of from about 3 psig to about 10 psig.

7. The process of claim 1 further comprising the step of injecting at least
a second feed component into said reaction zone separately from said primary
feed, said second feed component comprising a recycled portion of the effluent
from the separation vessel, said recycled portion of the effluent being separated

from the effluent downstream of the separation vessel by fractionation.

12
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ZSM5, ZSM 11, ZSM 12, ZSM 23, ZSM 35, ZSM 38 and

ZSM48. 5. The process of claim1l wherein the
whyasocasibon feed conprise a petrol eum fractiPCT/OS005Q01724

a boiling range of from about 250C to about 625C. 15

6. The process of claim1 wherein the catalytic

cracking conditions include a tenperature of from

500' . C.t o about 600'.C, a. pressure of . fromabout. 10 to .
25 Ps ifé? bE0RBE PGS | FAETGR (PP GRRHSBLEoNS TRHasAch Veptically
.about 10.0 seconds . and a. hydrocarbon rtial pressure
origpted T 58EHT @fqvﬁg?la BB P60 B3 P&F‘P eq intgghe Tiser
process of claim 1l further conprising the step of
regqipledt # RGSition B8 ViGny obAPor ey PepRIbAleihe Trrgeasghier and
reaction zone separately fromsaid primary feed, said
exitp Hah EEACHEl 20BAPOAAP ROSHAR (0§ thgriger Bagtdred portion of
the effluent fromthe separation vessel, said
recycled portion of the effluent being separated 25
fromthe effluent downstream of the separation vessel
by Pr Akeinsaeass oh claim \\wWhepogs/the 3saqnpicedgspumsend cypaprises
8. The process of claim1l wherein the reaction zone
a hystrpedrben feadiiont wigh iy lightarthea theseturased hpdrogherar s of the
the primary feed is introduced into the riser reactor
primary fped antovhitly is hdredudediinythgfrisgr seactenitorgh gaulbple
the riser reactor and 5 exits the reaction zone at a
poirgp dowmistreanpdf theepasitéer at whidtothe grintpine fagdde dsigodficed.
claim7 wherein the second feed conponent conprises a
hydr ocarbon fraction which is lighter than the
saturated hydrocarbons of the prinmary feed and which
i s 16t Thdpreckss nf chny 3 sdrereinabtaiten bf oagkleminhg ihpd stxipped
poi nts downstream of the position at which the primary
cafatedt paticlestoduegeheralion zbhe cprmpeaes cohdattmgtti catalyst
wherein the step of transferring the stripped
pattidlas yistougard sqlee Hepdara®genghat i on zone conpri ses
conducting the catal yst

11. The process of claim 10 wherein the regeneration zone includes a
fluidized bed and the stripped catalyst particles are introduced in the vicinity of

the center of the fluidized bed.
12. The process of claim 11 wherein the decoking step includes

contacting the stripped catalyst particles in the fluidized bed of the regeneration

zone with an oxidizing gas.

13



particles through a square bend transfer line. 15 11.
The process of claim 10 wherein the regenerati on zone
wop@sodsg7 a fluidized bed and the stripped caP&l/ys1005/001724
particles are introduced in the vicinity of the
center the flui.djzed d., 20 12. .The process_of
c abfh 1 hairen o RS Lo R icraRPrsioR R 65 Bt
contacting the stripped. catal yst particles in.the .
F P U pE AL DT S g TR SRR 1 tif Teaction
oxi di zi ng gas. 13 WD 2005/ 073347 PCT/ US2005/ 001724
2014 The process of claim 12 further conprising the
step of: transferring at |least a portion of
regenerated catalyst to the reaction zone. 5 14. The
process of claim 13 wherein the transferred portion of
r egdfieThe @aocese f wlaim 13 whisaeinttbe tiamséurged ROBHAMA! pi pe
and recycled to the reaction zone. 14
regenerated catalyst is conducted through a stand pipe and recycled to the

reaction zone.
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