| MPROVED FCC REACTOR AND RI SER DESI GN FOR SHORT

CONTACT- TI ME CATALYTI C CRACKI NG OF HYDROCARBONS FI ELD
WO@R00PHIE SeNVENTI ON [ 0001] The present inventi onPCEIUSL06%002929

to an inproved design and opefations of a short

contact tinme Fluid Catalytic Cracking (FCC) Reactor.

In particular, the present invention relates to an

i nproved design of the FCC Reactor internal central

riser, riser termnation apparatus, cyclone

scPMPROVED FACREACTAR AND BESER DESIGN FOR SHORT

VEONBA CB-IUME! €A TADYRIC CRACKINGOFt HY BROKARBONS

processes utili1zing the novel reactor design.

BACKGROUND COF THE | NVENTI ON [ 0002] Conversion of high

nol ecul ar wei ght petrol eum feeds to nore val uabl e
FIFCPLOFSTRE ENVENTIONT ocesses such as fl uidized
Tcatalylic cracking 1S rnportant to petrol eum

processes. In the fluidized catal ytic cracking

rocess, higher pnol ecul ar, wei ght feeds are .contgcted .
[0@0111 f | heiptesgniivaniien r%laFetSitg |a8§mpﬁoi’¢fgd?§lg% aAnd operagjons of
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cracking of the feed, reactor conditions such as
cehaapeisat viser erthinatial ysparatusceydonosepaastorgraad a coke

controlled to maxi m ze the products desired and )
mitigationdafflp systeresiveell as assestaterbunproyied fhid gatalvtie gracking

as |light...gases and coke [0P003] M scel | aneous
prPF%ﬁSS?EéHg%tgFﬁqvngqaﬁE%(%élgnleactor riser and reactor

vessel designs have been utilized in the past.

However, with the advance of zeolitic cracking
BATGKGROYNDIOFITHE INVENTDONI cracking activity,

nost nodern flTuidized catalytic cracking reactors

utilize a short contact-time cracking configuration.

100021 ,ooSnisiancdt Bighanolet st gt iR dped to more
e
infpottint $o petrolRam pedczeseed Iarthél floidieed odtalyeRscraekingdbrocess,

products such as |ight hydrocarbon gases as well as, .
higher molecular weight feeds are contacted with fluidized catalyst particles in

the riser reactor of the fluidized catalytic cracking unit. The contacting between
feed and catalyst is controlled according to the type of product desired. In
catalytic cracking of the feed, reactor conditions such as temperature and catalyst
circulation rate are controlled to maximize the products desired and minimize

the formation of less desirable products such as light gases and coke.

[0003] Miscellaneous fluidized catalytic cracking reactor riser and reactor
vessel designs have been utilized in the past. However, with the advance of
zeolitic cracking catalysts with greatly improved cracking activity, most modern
fluidized catalytic cracking reactors utilize a short contact-time cracking
configuration. With this configuration, the time in which the catalyst and the

fluidized catalytic cracker feedstream are in contact'is limited in order to



I ncreased coking deposition on the cracking catal ysts.
Short contact-tine riser reactor designs are
wo edoatisssel y new to the petrochem cal industry, POUUSIvaY€2929
gai ned w de-spread acceptance) and use in the industry
due to the ability of optim zing hydrocarbon cracking
products and yields in conjunction with the use of
nodern cracking catal ysts. One such design for short
contact-tinme fluid catal ytic cracking reactor riser
mudgiizhthe ampunt afiexgessive arackingwhistharesultpin theringgpased
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and the hydrocarbon reaction products are separated
wileespread adaeptanceandatsglipshe imtiistrydhuscterthe abiity tafroptimizing
| eaves the reactor riser and enters the fluid
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reactor products as quickly and efficiently as

tofisnmeteet alhi s rapi d separati on process has the
benefits of both mnimzing post-riser reactions
bet ween the catal yst and the hydrocarbons as well as

vi di hysi cal ans. f.or separating,th Kk
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in catal yst technol ogy have |l ed to nost conventi onal
angd the diydeecarbemrsactionpradwetp gre separaied sherthgaliersthgsatplyst and
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res@baldysipas imusy, @edst uge picthanicalioyelohedimemeal totiR reactor to
"overcracki ng" of the hydrocarbon feedstocks and/or
sepatate thergatalysicfrem mndry@%waébomsactmmdncﬁl agi quielely and

efﬁglte?lltl taiscpocsgfﬁel:(.i 'Elf;iisurre]lip}dS seip?l(r:z?tg no{)r%tc%ss has the benefits of both
minimizing post-riser reactions between the catalyst and the hydrocarbons as
well as providing a physical means for separating the cracked hydrocarbon
products for further processing from the spent catalyst which is regenerated prior

to reintroduction of the regenerated catalyst back into the reaction process.

[0005] Significant improvements in catalyst technology have led to most
conventional fluidized catalytic cracking reactors being designed for short
contact-time processing. That is, it is desired that cracking reactions be
significantly limited to the reaction in the reactor riser followed by a very fast
separation of hydrocarbons from the catalysts in order to prevent unwanted

reactions or "overcracking" of the hydrocarbon feedstocks and/or reaction



a qui ck hydrocarbon/catal yst separati on nechani sm

after the hydrocarbon/catal yst stream | eaves the
WO e@ettms2y i ser. Mechani cal cycl ones, as di SCusBE&HUS2009/002929

above, are generally the nost3 comon nethod utilized

for making the bul k of the catalyst/oil separation in

the fluidized catal ytic cracking processes. [0006]

United States Patent No. 5,190,650 to Tanmera et al.

also illustrates a common_feature in short Lo
products.c iThereferd, mosd m@d@mﬂuldlmé satalytie ceaskingewnighincorporate
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riser and the primary cyclones in "negative pressure'
bulleaf ther catalyistjos separationnn theflpidined gatalyticareekiagerocesses.
operated at a |ower (or negative pressure) in relation
to the dilute phase of the FCC reactor. This gap can
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reanter. cThiskgapeordidisangaging zone’ o ptitiseditorallewithe ser[nomlsqf
hy, P(i)(%?ggqrigfgégrg P?lrﬁ%gaz{p rom thg I%TCO’ reac{oor vcljgtdtlengyclones

[0007] United States Patent No. 4,606,814 to Haddad et al. illustrates an
FCC riser/cyclone arrangement wherein the riser is attached to a cyclone without
a gap. In this invention, some of the catalyst in the riser is separated prior to the
primary cyclone. Additionally, due this design, some of the hydrocarbons are
also entrained in the catalyst of this first separation. This leads to uncontrolled
catalyst/hydrocarbon contact time and can lead to overcracking of the
hydrocarbon feed materials. Additionally, a significant portion of the
hydrocarbons enter the dilute phase of the reactor and must reenter the reactor

riser, again leading to overcracking of the hydrocarbon feed materials.



arrangenment to the Haddad reference wherein at |east a
significant portion of the catal yst and hydrocarbons
w0 poovhg1seeactor riser are allowed to be renpvebPlCT/0S100€002929
di l ute phase section of the rgactor. Simlar to the
Haddad design, this uncontrolled catal yst/hydrocarbon
contact tine in the dilute phase of the FCC reactor
results in undesired overcracking of the hydrocarbon
feed materials. [0009] United States Patent No. L
[0808) 8, 7United Stases Patent No. 4,394,349 ta cartmellaidlusates jagdmilar

arrangenent, i i ch di sengagi ng,zone s .provid
arfaseerivnt o thecHedSac FotEisos Ratrt 1Fa & sieniBipRy! Boition of the
caiaﬁ%?trgn'dqg'drwgrbgﬂg 'ir?fﬂeom%ﬁuo? RisQf altehﬁlcfa*'étﬂo bé relﬂoved to the
I'ncreased 1n cross-sectional area to decrease the
diluié bRaseedeReiohof thE rédteor’ ESigtilanoshé BRuddad designethiby a
"slip velocity increasing nmeans"” and further a
uricoatroted gatabhttbiydgocarbens tontehetmedndhe dilute phasetaf the FCC

i ncrease the resistfance ip.the.riser, and, pravi de .
reagler rSuHaIn H&F‘%CLOY%S{“ ng %%thgfrmdéewbgn 36?ﬂd Mgferials.
These el enents al so have the effect of a reduction of
flow velocities in the reactor riser followed by an
[0009] ©2SEnitdd Shed PRWNYRINGLIGEF21 fo Ty et ak lilistfdte€h reactor
These alternating velocities in the reactor riser can
ridee atrahgemedeisi whidhea gisengagiagfzone tisiptavaded for intbe reactor
reactor, riser, and/or c%/_cl ones. Additi onal
1

. ( , the,
rlﬁeédb@ﬂe‘@i]elrndlgle Tearphveptign, &fﬁebqt@g&ppawrst)f rﬁlﬁeg 1§ he

. riser,can |l ea tal yst, d t th ' d
infrgdSec i Fros Sectiish afeis SoRPrE e oL PQobhace B tehlifon
stigERE QNN MIPVEIRER) IR ERTBRGART ARG uthEHi velocity
re(liGhgmeshst’ 0 TheseElenaentt teraitoeinktepsa it tsistanteShahesiser and

Patent No. 4,588,558 to Kamet al. (referred to herein
pravideragdditional drand waresthat caro be sebjektoyfouting; rldhese glements also

R SR AT SENASG v
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rporation are based on simlar designs an ave

ingh&réatordeddr taneacdto uidssirableopredaire fluznmationistin thé esetor,
designs is that they cannot be operated properly )
risen) ayekor ¢yealen¢ss Addiiopally, the reduced overall velocity of the reaction

stream in the riser can lead catalyst dropout from the riser and the loss of
hydrocarbon feed into the dilute phase of the reactor through the riser

disengaging zone.

[0010] United States Patent No. 4,579,716 to Krambeck et al. (referred to
herein as "Krambeck") and United States Patent No. 4,588,558 to Kam et al.
(referred to herein as "Kam") (both patents collectively referred to herein as the
Krambeck/Kam patents) feature a disengaging zone in the FCC reactor similar to
the present invention. These two patents assigned to Mobil Oil Corporation are
based on similar designs and have similar deficiencies. One major deficiency
with these designs is that they cannot be operated properly unless there is a very

high amount of concentricity between the lower portion of the riser and the



hi gh amount of concentricity between the | ower portion

of the riser and theupper portion of the riser in the
waele@enssegt ng zone. In particular, in the Kam pe@€EOS$2009/002929

is stated that "the two portipns of the riser nust be

aligned so the maxi mum eccentricity is 10% (see Kam

U S 4,588,558, colum 6, lines 9-10). As explained in

Kam if the two portions of the riser are not

mai ntained in a "substantially concentric, relationship
uppst patioehthetisesiinthe disangaging kAN Hyparticedaraln die Kag

o BRI e B bS5 s e e
mAMRR Pt EamcAS IS 90601 Gek Roim WK, 405441858l Ylumn 6, lines 9-10).
ARG | t He

enperatures | react’ors (fypr'cally in

A axslaineld ialloath, BSfe twolpthfionsdf thedisee avd honmaintained in a
significant thermal expansion of the reactor

"substpuiialiy condentiic relationship to ea¢h etdier'i, significantebackmixing of
co e tosabor s el R KA A S8R5 SRS, tines
>EhFHERAOHPE BRI KSRt e SR etifhieh

teMpRARaresin e FTC Riagtdi9 g?m dllyCint the RARE 6fMb@S 950 to 1250 °F
IIg%dressed by the Kr arrbegk Kamygesi gns@%ds by usi ng )

antdmesiitingsagnifipantethstmabexprinsioa of thh ecasoc eomponénty, ibfs
the upper and lower risers. This is i]lustrated in
diffiaylt, AT negimpnssthie.kginaintain th ¢0F gofpcsatrgit pnder

RS St R O MR Bl
ARSI e o R s o (e

el ement 45 in Figure 1). However, there are nultiple

Brobl enms With this design. The first resulti n(t;,p,robl em
[00%1} hatThe sy, aphsiamplesto manpeein whichs thascenceatngity pgoblem

wi S RSt B R o R T d R Sacers”
to qhéigfa‘?n Qﬁ‘@éﬁégntﬁﬁ?y bf e @ﬁeper-alﬂﬁ 186/ PiderseSENiS i llustrated in

problemis at thi's creat'’es erosive materi al

USnadi 88, 958 tdKaneeralt des¢iac'dirse anthdrbaspacasids arbipsovided
especially problematic for design as it is desired )
betwaen theetwo sestionstofithe risetopmainigiarthe twotsgcianee@aeptric and

se;r)eSItS gtgyfr:qec{pg&ﬁtpgw@ge&gﬁgf éis?a%ctep (@ég a(r:rtl, IfJ.rS(?W,W%S,
column 9, lines 37-40; and element 45 in Figure 1). However, there are multiple
problems with this design. The first resulting problem is that these spacers
constrict the flow area of the annulus resulting in higher pressure drop and
uneven flow patterns for the entering vent gas from the dilute phase of the
reactor. The second resulting problem is that this creates erosive material
conditions between the spacers and the riser. This is especially problematic for
design as it is desired that the riser internal to be covered with an erosion
resistant refractory or coating to protect from wear induced by the high velocity
catalyst moving through the riser as well as entrained catalyst entering the
annulus from the FCC reactor dilute phase. This spacer design leaves an

exposed area for catalyst and mechanical contact wear thereby reducing the



catal yst noving through the riser as well as entrained
catal yst entering the annulus fromthe FCC reactor
walrdogngrsphase. This spacer design | eaves an expopEs2009/002929
area for catal yst and nmechanigal contact wear thereby
reduci ng thenmechanical reliability of the design. The
third resulting problem and possibly nost significant
drawback of the spacers design is that the upper and

| ower risers transfer mechanical forces between each
mexchanical ireliatiiityspfitherdesigihi The thied rasulting predleragand possibly

t her mgl. expansion of th ts bei [ .
meStiSENBRENCHABORR 0 the FRACCTE 0t 2R othah Bieiper an lower risers

cr.eat [.Qnifi ' .
st R R bRV PEGHERRET Vet shASets whish, dus to the
inHXeRf thRtmA] é‘)ﬁian§ﬁ),nv‘@1* ﬂheé’foérﬂﬁoﬁéﬁ@‘b!&ﬁfg Bydifepént directions

configuration. This results In significant mechani cal
relviocde vingranofher ptaat extatesipoifimant uawanteldl mechanechl dertes

reliability of the unit, What is needed, in tte art is
enanasingfromihe lQwesintemal Bsgr wodha spper BiterRatHsst asavell as

i SUAGH SRI0hSeRSH LRI HIERSIDN IRt Eiegpicl
0 ?g&rrg%rg 6'; FIhtéd ROAP GHEnYess Wl Ta8 8@k ddrelifiBility of the unit. What

k/ Kam designs 1s by the installation of
is heederkinethe alrvis w' désiigri theat doosinot selp enwspacers loe mechmnicahd
the primary cyclones, as well as in the conduits
cobggohpeints hetvyraneppge pod dowentserassemhhgs.cycl ones.
These can be see in United States Patent No. 4,579,716
to Kranbeck et al. in Figure 1 as elenents 27, 27A,

andr4 ' '
106 21, 8"C e F5opdtlair T $RGA EmceglRelly Poplem was
adaedssed 8¢ thé KraibeckACaraidebipas és by ithk irstalBitiomsoftatickle valves"
conpensate for erratic flows and pressure surges that

in ¢be canduitslzatyeeh sheisisednd the imaneeylenes, de svedhas imthe

resultin roblemwth this design i,s that it results
comgutts PROTSAR e RATBAEY SICIOHS THA S5OBREEM R ot THEse cin be
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eléhbntst27e 20RS A1 Nan@Y 1 A2RHd 3h &Tnifsl StateePdtenttNe. 4,588.558%0
in the sane general locations as the trickle valves in

Kameet il aastedeektard dasd §8s [aisdelicved that the vsreof these triglde
va?\rfrc},)suv%s Pcf cc?rggé:(rgrsja)t(ei ?(gr e%];atic flows and pressure surges that can
accompany the use of the Krambeck/Kam designs. The resulting problem with
this design is that it results in reinstituting one of the main problems that is
trying to be eliminated by installing the disengaging zone in the riser. The
problem is that in the present art, the opening or gaps are installed in the
conduits in the same general locations as the trickle valves in the
Krambeck/Kam designs and are both prone to a large amount of backmixing of
catalysts (solids) and hydrocarbons (vapors) as well as excessive coking. What
is needed in the art is a design that does not rely on secondary openings in the
cyclone conduits for the entry or expulsion of catalysts and hydrocarbons to and

from the dilute phase section of the FCC reactor.



catal ysts (solids) and hydrocarbons (vapors) as well

as excessive coking. What is needed in the art is a
walewpgsisehat does not rely on secondary openi NBST/US20091@02929

cyclone conduits for the entry. or expul sion of

catal ysts and hydrocarbons to and fromthe dilute

phase section of the FCC reactor.[0013] Lastly, a

third manner in which this concentricity problem was

addressed by the Kranbeck/Kam designs reljes on

[0013hi ndsastly; a'thiag engnrien in Mehicly s conemntiieisy: profelem was
acfrchyol 5yt BBRneLE OIS st £l ST1P00nns o gppspiin the

i [ PN
coffy i Ben B S5 BRIy BRSNS B
4,87T%7 P8 té Kranibedley al. i Pt 1l s Slbmiehes 22 and B8. Ntisdesign
that due, probably at least in part, to the drawbacks

again inpos<s dhd sark ¢ aobldewsi whichi ate desit¢dth bedliniisated sod
.above, a design iﬂ;gr porating a disengagi ng zone in
digquesebinctherparagr@aph #4B0¥&own in the Kranbeck/ Kam
ref erences was never commercially inplemented by Mbil
Q1 Corporation. [0015] What is required in the
[00T4UST 1Y shéul@hlddTBE A¥RMA theldi& FrbBAbIY oS I &t yrhgm ©ahe
ensure that substantially all of the” hydrocarbon feed
drawbacles inl the tKriambeok/K araatesignsiidentified aed disensstdtaboviega
cyclone systemfor effective and controlled separati gn
degigm inceEPOFRiing msisen2agig 4anednithe seagton msar asisnend Hrthe

KBBUAR o hgb RO bl By LBICB e ot o
Cd#ggﬁdtm[zl\m ON [0016] An inproved FCC reactor _
chani cal design and an inproved fluid catalytic

cracki ng process for converting heavy hydrocarbons
into nore val uabl e | ower nol ecul ar wei ght hydrocarbons

[0015) i zi What isi requized amtheaindysisy ghan jmprgyedaF Garcagtos design
enpodi nent _of th resent .j t,i ' fluid .
wISGh a1 Epurgrtheiins ety ol EEeetisPn drithind patglyst in
the Bftor FLeR i g%n&&%ﬁ%& thd by@bne YPRER! for 3ReEiVE Ad WontrBfied
separation and does not impart significant feed fluctuations or hardware in the

reactor riser, while improving the mechanical design of the overall system.

SUMMARY OF THE INVENTION

[0016] An improved FCC reactor mechanical design and an improved fluid
catalytic cracking process for converting heavy hydrocarbons into more valuable

lower molecular weight hydrocarbons utilizing said mechanical design.

[0017] A preferred embodiment of the present invention is a fluid catalytic
cracking reactor vessel, comprising:
a) a lower internal reactor riser, wherein a portion of the lower internal

reactor riser is located within the fluid catalytic cracking reactor vessel, and



reactor riser is located within the fluid catalytic
cracki ng reactor vessel, andwherein the | ower end of

Wao b@hismser internal reactor riser is attached POI/UB®09/002929
shell of the fluid catalytic gracking reactor vessel;
and b) an upper internal reactor riser |located within
the fluid catalytic cracking reactor vessel, wherein
the | ower end of the upper internal reactor riser

termnates in a conical section which is connected t
whereirl thedpwerlend (ofdhe lowgreingsrnak reaciop piser iseatachad &o tl%fh@lell

ofdB8 i FURNITG srafhDirenttor Vprele™ebet  on of t he
rea r%garnh%ﬁ?egg erﬁaﬁ%&‘étok gért lo%%’:‘ﬁer\bﬁﬁirn e El cael

are y connec upper section O

cri¢iIfg rédtiSf Védsel, Sdfdréin the 36wer vhd b€ thiv tpyer liﬂll@?xﬁal&ﬁdct@f riser
the Tower internal reactor riser is in fluid

teomimatestin@ncomiicdl sehtionpyhéch incemested tosceydindricad slearvrd;

the, di | ute phase segtion of ,the reactor .vessel;
whegist theippeh aectiarhet Bie YRRSE iNteEa) GeactRICHiSE 13 A0F | yﬂ lid

co'nﬁf:gkg@l% %gﬁhttﬁgtdqﬁltég BH?% glﬁﬁgbgthé %Ecgﬁ ve%%ecie%nd B{‘Feast two

r1§e9bﬁfle@ﬂ)orw&%trﬁecmarﬁ@auy SohficeRd td ﬂhemptpeﬁs@atameéfeuhequper
the upper end of the |ower internal réactor riser;

inteyhalndagtontised;eeve of the upper internal reactor ri ser
has a di aneter larger than the dianeter of, the ut;f
end whereietheginer icad ik lowercingemal raptor giser g tlal

coRfetieThabg ipptt ilgme] feactori i B the BiRERage section of
th® Pedct A vedbelt Bfe HRRG infitfalHeablof rise¥BRndt H&HAR call §¥drdected

riser: and there 1's no mechanical neans |ocated in the

toltkg hppemhtdrhel @yetor appt;nhe pargestadiamictdrivd thy conital sadtion of
sl eeve of the upper internal reactor riser_ and the
theppper iaternalk reagtor|risge is langesrthan thediemster ofsthe wr end of the

t h d
loWRE e B o iRemi i icah SePEBF I er A ter %la%?tor
r1§fe ?ﬁ% a d[lm%l%% lé&eiat R Rfisheter oF t@i@@?& %ﬂtoﬁhetl

cata I C cra I ng reactor v e |l engt

mtdﬂ@alqwcrtbﬁﬁ@exn at kst & portddn dhthecyyllinddicaL sleesd of e quper
t he upper internal reactor riser and the upper end of

intemaal|regesor risercoverlapsasith ot laast@ portion of the upper end of the

lower internal reactor riser; and there is no mechanical means located in the
region of the overlapping portion of the cylindrical sleeve of the upper internal
reactor riser and the upper end of the lower internal reactor riser for restricting
the eccentricity between the cylindrical sleeve and the upper end of the lower

internal reactor riser.

[0018] In a more preferred embodiment of the fluid catalytic cracking reactor
vessel, the length of the overlapping portion of the cylindrical sleeve of the
upper internal reactor riser and the upper end of the lower internal reactor riser is
from about 6 to about 36 inches when the fluid catalytic cracking reactor vessel
is in the operating (hot) condition. In an even more preferred embodiment, the

acute angle between the conical section of the upper internal reactor riser and the



from about 6 to about 36 inches when the fluid
catal ytic cracking reactor vessel is in the operating

w@ baviisisendi tion. In an even nore preferred enbCHUN®A2/002929
the acute angl e between the .opnical section of the
upper internal reactor riser and theaxis of the upper
internal reactor riser is fromabout 5 to about 25. In
yet another preferred enbodi nent of the fluid

catal ytic cracking reactor vessel the _yiser s% pion is
axdpppiiesenpesintgrnal spagtes Hser is Aam abayt Hetosahald 2010 ¥k

R Sk LR D bl Bhele PG
riégg sE&tHUR &%apr@sédoo@ﬁﬂﬁsiagn'lgkg’%ﬁ,saé"ﬁl%ﬁsﬁréﬁ ftdiHitHe top of the

talytic cracking reactor ve I's 1 n the operating

lobleintefri déddterrisdr@0 1R¢ bénroinhef thersehéual eectéor arieremt this
of the present invention is a fluid catal é}f@i c cracking
transitbers kength sl fremmboun 6 tolabiout 36 daehesivehen teidlvig catalytic

react or vessel Qv wherein th raqcess steps
craghipb FestOnycssrl Bat thg OReibgy AP ARsERRIE N enc

t hrough one or nore feed nozzles connected to an

external fluid cracking reactor riser section wherein

[o_tmsv]f ext ghofer préfefted eastdditheneaf tf prebatttins@mtidroi d fuid
inTluid connection with a lower internal reactor
catalytic crankangprdoess, ailizingtifd id eagalstig cracking egactqr vessel

reactor vessel; b) contacting the heavy hydrocarbon
aboxe gwietean hePROCESSIEPY EAMPEIPSI yst i n the ext er nal

fluid.cracking reagt ' ; '

por Ddveg e TR ot BEh feE PRI Bed} mistRTtednozzles
conhbtRd46 dnCt@n¥Piluid ErabRihg fe8cto? WREr $dttidhnahereRRtieQxternal

riser; d) passing at |east a portion of the heavy
fliddraddng ocadieedsarndctioe ihit flbiduatineeton atith g $awérr internal

the I ower internal reactor riser to an upper internal

reptat riger kocated; insidg ofya fleidrqatalyHg cragking reaciRrayspesleal | y
cragked product stream and a spent lyst .
Fr onPranatac e ey oy ARl Rngf R SEh B O b EFR Bacalyst in

th%ﬂ’%ﬁff%él mid'c‘%éaé_ing rPRibt A8erdf the heavy hydrocarbon

eed I1s catalytically cracked into | ower nol ecul ar
wei g)tpakyidp et dedson pootipo ofitdse héavythyalrecarbon feed and the hot
fluidized catalyst through the lower internal reactor riser;
| d) passing at least a portion of the heavy hydrocarbon feed and the hot
fluidized catalyst from the lower internal reactor riser to an upper internal reactor
riser; and
e) retrieving a fluid catalytically cracked product stream and a spent
catalyst stream from the fluid catalytic cracking reactor vessel;
wherein at least a portion of the heavy hydrocarbon feed is catalytically

cracked into lower molecular weight hydrocarbon compounds which are

retrieved as the fluid catalytically cracked product stream.

[0020] In a more preferred embodiment of the fluid catalytic cracking
process the velocity of the hydrocarbon-containing vapor through the annular

gap between the cylindrical sleeve of the upper internal reactor riser and the



retrieved as the fluid catalytically cracked product
stream [0020] In a nore preferred enbodi nent of the

w0 bawodsisat al yti ¢ cracki ng process the vel oci t ypof/us19e9/002929
hydr ocar bon- cont ai ni ng vapot 1pbrough the annul ar gap
between the cylindrical sleeve of the upper interna
reactor riser and theupper end of the |ower interna
reactor riser is about 10 to about 30 ft/sec. In yet a
nore preferred enbodi nent, the process is operated

uppseerd of theeloverdntarnali regctios riggkeis abieat 401tp @bpnedl ft/sec. In yet

A HEPreSRACS PRGN 1S FIRBERG S JRACED iGrs B e stCentricity
belvEat ffe SIERITA SleByd @gttwﬁ?ﬁ%rﬁm&ctepﬁg i £ (he drdper

vVIir 0SS O ss than 1% by wei ght

endréfithé hewet fikérnhbrdaktordideriegivaagahae §0v6irothetdperating thot)
catal ytic cracking reactor vessel. BRI EF DESCRIPTION |
position;isvith Goredly] B0 sk oficgtalyst {less thas %t s weightpfroan the riser

shor} contact-tinme eactor riser, / cyclone
t%@%fiilaﬁfr 486ﬁe%lpnm§gfcnff%$ caﬁﬂ[ﬁw[ %reélélpg#%@ﬁ%vssselo

illustrates an enbodi ment of the internal upper riser

and | ower riser design of the present invention in

BRIBFUWESCRIPTIONOF PHE FIGURER Yy cycl ones shown.
I gure | usirates a cross-sectional

schematic el evation view of an enbodi nent of the upper
riser and lower riser rel.ationship of the sent .
(0038 ifo8urq bustrate xpical Shorrdntagtimg FUC reactor riser /
Cf OSS-sect | otnal ena Ij c.plan view of an enbodi nent
cySIZOWChCé)nSClﬁEE?’ 191 gg&’ L1 B%wer riser connection of the
present invention. [0025] Figure 4 illustrates an
enbodi nent of the internal upper riser and |ower riser
[0022] gn Kigutd2 ilusteates an embotiment of the iptenedliuppentisér and
one of the primary cyclones il]ustrating preferred
lowgr sserodesigm af thepnissenrinventianieCH UREHOTE Withoeekthesr
the present invention.[0026] Figure 5 illustrates a
PfHP%WZ“rYrCz%“eérFé‘é’aY’hent of the present invention wherein
an anti-coking baffle is |ocated bel ow the inlet of

the primary cycl ones.
[0023] Figure 3A illustrates a cross-sectional schematic elevation view of an

embodiment of the upper riser and lower riser relationship of the present

invention.

[0024] Figure 3B illustrates a cross-sectional schematic plan view of an
embodiment of the upper riser and lower riser connection of the present

invention.

[0025] Figure 4 illustrates an embodiment of the internal upper riser and
lower riser design of the present invention in conjunction with one of the
primary cyclones illustrating preferred locations and dimensions of some of the

components of the present invention.



This figure also shows one enbodi nent of the present
invention in a configuration of a single riser

W@ eoopitsEei ng to three sets of primary/ secondarBCT/US2009/002929
cyclones. [0027] Figure 6A shpws a general schematic
configuration for the cold flow testing apparatus of
the prior art as described in the Exanple. [0028]
Fi gure 6B shows a phot ograph of the cold flow testing

ggparat us of the prior art as described in the ) .
[0826)p| Figpoo3diustraies @ prefesrdwnbodiasat af theawesgntiigvention

wihigreis Sbantieaking oaifle Tsiectind bEIGfE ol 3 BE B4R dyelpnes.
Tl'iilgI gﬁgggegﬂk%homg)gf}%] erib@intent Bf %ﬁ@pf%s tpilﬂ%lgl%ﬁﬁha of

"ow t I ng apparatus of an enbodi nent of
coh‘ﬂigu%tﬁﬁ?@ﬁ a Siﬁg%iismeﬁﬁiﬂiﬁﬁfgﬁbbﬁfkel setd bfprinarpkecondary
[0031] Figure 8A conpares the anount of Solids Leakage
cycbateal yst) fromthe di sengagi ng zone of the prior art
" cold flow testing and the present invention cold flow
testing as a function of riser velocities. [0032]

hgur e 0 t
(0Pt © FABRECERYBH { et el A RRAR for the cold flow
te@{rlg SpPaFatuk QFthePpFibP artaRUesB§bAT REMRIErdmsiR! | on col d
flowtesting as a function of riser velocities. [0033]

Fi gure 9A conpares the anount of Solids Leakage
atal yst) fromthe disengaging. zone,of the prior art

C
[0§38h f 1 IbgureeBishgwariphofes rthe icRlEHPMOIRSRE apparatys of
testing as,a funetign of the riser flux rates.[0034]
th%ipé’ﬁfé‘%é’é @éwg?iyﬁ}?eﬁ’é?ﬁ}ﬂ%t of Gas Leakage
(hydrocarbons) fromthe di sengagi ng zone of the prior
art cold flow testing and the present invention cold
[0029)v t eBiguryg7 Ashawsungenaral sthetriaticrdosdigutation fartthe cold flow
[0035] Figure 10A conpares the anmount of Solids | )
testingkapparatyis oflapsmbaedigant of the preserignMgntiomas desaried in the
E rilgl[c art cold flow testing and the present invention

flow testing as a function of the vent
velocities.

[0030] Figure 7B shows a photograph of the cold flow testing apparatus of

an embodiment of the present invention as described in the Example.

[0031] Figure 8A compares the amount of Solids Leakage (catalyst) from the
disengaging zone of the prior art cold flow testing and the present invention cold

flow testing as a function of riser velocities.

[0032] Figure 8B compares the amount of Gas Leakage (hydrocarbons) from
the disengaging zone of the prior art cold flow testing and the present invention

cold flow testing as a function of riser velocities.

[0033] Figure 9A compares the amount of Solids Leakage (catalyst) from the
disengaging zone of the prior art cold flow testing and the present invention cold

flow testing as a function of the riser flux rates.



[0036] Figure 10B conpares the anmount of Gas Leakage

(hydrocarbons) fromthe di sengagi ng zone of the prior
wa@eaovgsise f | ow testi ng and the present inventiRCI/T810d9/002929

flow testing as a function ofipthe vent velocities.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0037] The

present invention relates to a novel Fluid Catalytic

Cracki ng (FCC) Reactor design which inproves both the

mechani cal reliability and process performance of the

FCC unit. The design herein allows for reduced thernal

Ss on e reactor, internal t er '
(OBBAE" iEigble e s s Sl escet LiHEs T Arbons) from
thgﬁi&hgggiﬂ%%o‘f@%ﬁhe y‘i'o? ahtrﬂ?ﬂ&’ YRy [RAREANd4RE pedkedt ffvention
signiricaftly inproves the sinplicity of reactor
coli¢ Slogntestifig @sasfunution ofithe dserl flisngaten a subst anti al
decrease in the amount of field work required for
installation, resulting in substantial reductions in

(OS] ot T SORE) DR e BT B0 SR Pl G bR rom
o RLERB B TR The RRgR St A M st QAR HRIERL ieniion
cofd fRw tdsin£as aunetidir 6Ethe eattvalscititd.| i ze a short

contact-tine reactor riser design to catalytically
crack heavy hydrocarbon feeds (or "FCC feeds")

1030Er ' el ab Lhenrgnes thomoanhlipes bsdrgedPrcrtams)
B IHN B och BB R 0 5 T TR LA 3B o s

inPeii Y cAAtANRS tédtitictdsZ£ tirfctionl ofthe wedevelBLaiRsy _
controlled reaction conditions and durations. It is

preferred that the hydrocarbon feed and catal yst are

contacted under_cracking conditions in the "reactor
DEFANEBDESCRIFEION QL THEINVENTION i 1y occur i n
the short time that the hydrocarbons and catal yst are
in contact with each other as they travel through the
[opwpt OrTHd BRisentInVeRtidh BelhitedRo hirivel FRIACHIASACOACking
eed/ catal yst streamis in contact can be well
(FEO)Reddteddésign hicle anproves ibodh the meckamealireibbidity had
the catal yst and hydrocarbon feed (now the "cracked
pragess peafasorange of the ECC writ. The design herein allows for reduced

thermal stresses on the reactor internals, tighter design clearances, improved

process yields and reduced maintenance costs. This improved reactor design
also significantly improves the simplicity of reactor design and construction,
resulting in a substantial decrease in the amount of field work required for
installation, resulting in substantial reductions in overall construction costs and
substantial reductions in the overall unit downtime required for the reactor

internal equipment to be installed.

[0038] Typically, the preferred modern design and operation of Fluid
Catalytic Cracking (FCC) reactors utilize a short contact-time reactor riser
design to catalytically crack heavy hydrocarbon feeds (or "FCC feeds")

comprised of high molecular weight hydrocarbons into lower molecular weight,



separated as quickly and conpletely as possible to
avoi d unwanted cracking reactions (or "overcracking").

wo poovasgeneral |y desired in the FCC reacti on tBCT/US2009/002929
maxi m ze |iquid products, espegcially such hydrocarbon
products as to be used in gasoline fuel, jet fuel, or
di esel fuels, while nininizing the producti on of
solids ("coke") and "light gases" (typically C4
hydrocarbons and |ighter, which are gases at

merspyalnablathyidyocarher juelmredueisdiln shers confagbtiope Ripf reaction

praEEsE the T Heocproub e ngeneelR il iebbiad i Slaissy
ca't%l%tqgﬁiepgn%%%ﬂﬁ%@@ﬁ he gognet%%(jglgéﬂé A diratibfs. mg referred

abou to about 0-565 0C), such

th@tatflile()iyldi?ocd?B@IY Yediyshidcaahgnam dontaasd llndem@raﬁhingmcﬁidmons in
iling above 10500F (565C); heavy and reduced

the érea@tcuru-mec'f and that ithessarencionsriubstapsigHE ceur in the short time

hggilpl(hlylgl?(t)(liﬂ?{; bot&gﬁmﬁﬁ?glgﬁomva{c Vi m dl X er %ts It}?eri/ travel
thm%xotﬁg er? of ﬁ§%{d Usitice R 1ﬁ1%r1 tglffh f:}{yld?@@alrﬁox? 'fJ:ed/&étgg)g f

er| ved from coa on processes;

stidat 1418 TohbRt eah be W€l E&Qrél@@ﬁuﬂme reh&or Eieem it is&lesirable that
recycl ed hydrocarbons, such as |ight or heavy cycle

theichtalysPrat drydeccdrbenl Seddmays thei 'leradkedinairecarbpn preducts”) be
are vacuumgsmls b|||n in the rang abovegbou
seasrtmd aqic @)arrfbeamp qu'g’LﬁSePQLSSi etp §Y jynpyared cracking

G S Y Al R e ety
?}@i?ﬁlk@ %ﬁﬁ[d prRucBaes cuil'l ShctPRYdrFe aibdn C&S‘r@ﬁu@ﬁi @k @9 fbe used in

cyclo arrange rein, the F eactor (1)
gdsahnafuelnjee fungl] or da:rsebfuels sxdnle(lﬁjmrrﬂilamgl the groduiction of solids
reactor riser may enter fromthe bottom of. the r act or
("¢eke"3 Bodn light g@ﬂes d (typiradly ©r Y@@cmﬁ and dightere vinch e
react or nes) Both are

gasghal Jr ﬁlmqtﬁfy%?spﬁ'lpgglpgm lé)lné n and the present

invention will work with either internal riser design.

Typically, the risers are made of a continuous tubul ar
[0089] an Ahgrenverthenad HOC dedd edrsbé nsed with théseﬂctalr design of

flurdly connected to the nmechanical cyclones. an
thepeeseahinventions Suchdsedmtypicallyuinglugdedicaxy él%@ca(rhel} feeds

h I
bmﬁrrllé %: ttﬁeedravr\lﬂgte of ai)ou%e 2?6 Poto about 1050°F (220-565°C), such as gas

oils, heavy hydrocarbon oils comprising materials boiling above 1050°F
(565°C); heavy and reduced petroleum crude oil; petroleum atmospheric
distillation bottoms; petroleum vacuum distillation bottoms; pitch, asphalt,
bitumen, other heavy hydrocarbon residues; tar sand oils; shale oil; liquid
products derived from coal liquefaction processes; and mixtures thereof. The
FCC feed may also comprise recycled hydrocarbons, such as light or heavy
cycle oils. Preferred feeds for use in the present process are vacuum gas oils

boiling in the range above about 650°F (343°C).



heavy hydrocarbon feedstream (15) in the internal

riser (5). Here, the conditions and duration of
w@omwvasts2bet ween t he hydrocarbon feedstream anBICT/k82009/002929

catal yst can be accurately cggtrolled to produce a

reacti on product stream conprising a cracked

hydr ocar bon product and a spent catal yst. Typically,

the desired reactions will occur within seconds and if

t he cracked hydrocarbon product and a spent catal yst
[0848] notFigure kiis/a simpkfied diustratipnafpatypicad copunetsidln

eripodinieanat 6 ShOBASPURESTE PG FrAcion Qe aEier AEt 16 Pafuger the
reaAdf 91??? agﬁpu E:gn ¢hl %&?&%ﬁg‘cxeﬁn%{“fj&g&%%én?&ﬁ. aﬁgreéiﬂ,ethe FCC

over a res reactil en I NCreas

re6YOR [ yeehscarkintérg] taptdr risep (FRKEhe [iévhd] rebeedrader enay énter

is desirous to take substantially all of the product
fremrthabottonpof therrgaetor (ascitmavimnirdsalichlines) qsrmauenteatlar side of

I N KT RN 10T M-
SR PSR PR e e e,

T}ﬁl)eiggﬁl,rtﬁé‘ﬁs@fs it nlade SMWcshBfoUEbARE desibaRIRelH the only
re,”the internal riser (5) is fluidly connected to a

omkdsrﬁbm theatisenard Anjdly Fonnectap ito the¢ mnephamioslesy,clamdsy In an
one set of primry cyclones (20) and one set of

Feeaeaniar yisendasigin @ {laigyzes catalysiid ) s eppfasted with at least one

B AN N R < .
ar@rdlﬁﬁfibﬂi %?t%ﬁf?ﬁ@f M?%hcﬂ]s ﬁzd[‘;’%?’%n FQRAIr Bt dhE Ratalyst can

igure 1, e configuratio wn 1s a "closecoupl ed
becazhgdiely easialedstionprodscds reattioal prodadt stahnt cambeiding a

hydr ocar bon product is conducted fromthe internal
cra¢east lydrocarbon prpductendrrespant eata)y sty diypigally2 the desiced

further.to the secondary cyclone (3 ich can the
repefions, il et utipaucands Filf S baided Moigir R0 pEfdipt and o

: ,

R B L
urldesigéd contlnuedebdetionnat byercidcking del it¢rebitd edur resulting in a

substantially all of the spent catal yst passes from
lesshdesinederackedrhyglspocarbon product composition and/or yield and the
overall resultant reactions will tend to increase unwanted coke and light gas

make.

[0041] Therefore, it is desirous to take substantially all of the product stream
comprising a cracked hydrocarbon product and a spent catalyst and quickly
separate the stream components. A preferred method for separating the cracked
hydrocarbon product and the spent catalyst is through the use of mechanical
cyclones. Figure 1 shows a FCC reactor with a two-stage cyclone arrangement.
Here, the internal riser (5) is fluidly connected to a primary cyclone (20). For
simplicity purposes, only one set of primary cyclones (20) and one set of

secondary cyclones (30) are shown in Figure 1. However, in practice, a two-



(5) to the primary cyclone (20), where the spent
catalyst is quickly and efficiently stripped of the
wee@elsd2hydr ocar bon products prior to the sepBCHUS09/002929
spent catal yst being returneqgsto the dense phase (42)
of the FCC reactor (1) via the primary cyclone dipleg
(25). In this manner, the cracked hydrocarbon products
are separated fromthe spent catalyst in a highly
time-controlled and effective manner allow ng the
staget eifolone FECardactny is aaompldy compeised of drara rapoub% @ 8tsstsyof
contr,ol | eg FoI l,ow ng the product streamof Figure 1
PHMARUIKCONdANEYHIPRES |y al | of any remmining spent
catalyst in the cracked hydrocarbon products is
further separat ed in the secondary cyclones (30) and

[0D4Z] Sep@f)ﬁﬁﬁﬁn? (1};?(:@5@' 1y $the t@nﬁ@lrdﬁﬁﬁ@hbﬂ’ntlb@ "dhuzee
phase (42) of the F react or via the secondary

couptddocyeclong! depigrBsince Anbstmlaiibealﬂm ofidracked dyysirocarbon product
product streamijs collected, fromthe vapor outl et

is caaducted depmm Jhe intermab seaster fiser (Pl e g PHMAry CV%]QélF&&O) and

LTRSS s
thBW1646- Moé’ﬁe&‘é?él&'e%éslﬁl @tr@Qie@ﬁledw@ﬁﬁﬁame@n@rmmﬂ@éa&bons

and the spent “catal yst following the desired réaction
released intbehetidut, phdseiasedEtl) ofdlsé FEC teacior @A Aiddinomaly, it is
t he amount of cracked hydrocarbaon products that
desirgd shat substaptially plhef tbﬁ spentatplystRasass §ron21)hetlatemal riser

(PRt EmpPe Y siRae Sabh tvitts S uEnD FREHTE hEERh TR,
efﬁt?{%nﬁg%@ﬁg_}z@& 8f trh%t crﬁ&éd’ﬁ’#ﬁb#%%ﬂ{]ﬁé&u&ﬁ iRfto ttl'fkéeseparated

react I's 1s due t act that hydrocarbons

speff ¢atalystbeihgattirhed speiet denat physs (42) dffthe FOT rexeodrq(l) via
w |l continue to crack under uncontroll ed conditions,

the psignaryrycloneadiplagc@®s &n tlns mmr,rtbg cpackeddiysirpeashon

rocess et urn u
prpdie afe soprcpiedarh (B s sath iy ib HieRhrfims Sripned and
i 0 AR IPEREA s AR08 &
acb@ﬂtél‘j’foo@ﬁ@lkﬁe Rolllowipp Be prfuct streanmufiFigareof fiimtlests
or sheds SuEt) Into the stripping zone, a stripping

sustentially allifiealy ly:mmnmgu spenycatakyatin the dragkest leacti)ran@rbon
proH&ct‘g’tlsr IﬁPrﬁ; %eggrséte%f tesseé:(r;n a?'yn%\)lllcﬂ)%es (30) and the separated
spent catalyst is returned to the dense phase (42) of the FCC reactor (1) via the
secondary cyclone dipleg (35). An FCC overhead hydrocarbon product stream

- is collected from the vapor outlet of the secondary cyclones and retrieved via the

reactor overhead line (45).

[0043] As discussed, it is generally desirable to separate as completely and
as quickly as possible the cracked hydrocarbon products and the spent catalyst
following the desired reaction time. Therefore, it is both desired to 1) to
minimize the amount of cracked hydrocarbon products that migrate to the dilute
phase and similarly, 2) to maximize the separation of the cracked hydrocarbon

products from the spent catalyst prior to returning the spent catalyst to the dilute



vol ati |l e hydrocarbons that may remain on the spent
catal yst. The trays or sheds (55) in the stripper zone
W@2®oAas515en maxi m zi ng contact between the speneCT/US2009/002929

catal yst and the stripping g3ag. The spent catalyst is
renmoved via a spent catalyst line (65) where it can be
regenerated for reuse in the catal ytic cracking

process. The stripping gases and the stripped volatile
hydr ocar bons mgrate up the into the FCC reactor

1
phase area ofi thereaqiar s Ehisde lustto thefack that by digrarkonsle t?@af-wntact
b d wit ked. hyd b ducts f
(hg RRE Ay i i L EFint Wil FRUBesto Tt Spdes Snaopfied
coffifiHse SRt 'l id&egeqﬁ%naeﬁpé&gsogga%{s%smdmélpgaéesef
e prior art, a di'sengaging zone I's normally
supplied in the conduit between the riser (5) and the

primary cyclones (20). Alternatively, this disengaging
[0044 ( Rturningiie Fagyms! §,dbe FEG reactar(d)is alpe camprisefof a

primary c ongs, (2 and the secondary cyclones (3
StUPRING 464 o Taieh ARIRACESTTY S PRSI Baﬁr%wﬁva\(f@@

I, . e. di i i . | .
oipd BRI iR aTeC et aR ol Bt
coPpsR dafafays4d)she@y ¢55)ASInt S tHRY SHipPingdoel h%trippin% gas (60),

hydr ocar boris and stripping gases, to be renoved from
usubkly EGMprisang steaipn] js infiected and thdstrippargegaiy @ssiséc lnsremoving

associated with the di sengagi ng zone being | gcated in
volafdleiydrosarhoms thag @%@P@%é@négﬁ SpeRlr@taly . pMotaYSOr sheds

(55) Bt inge o Aasinh B B Rigi e e SR SRR TR sty Xty
LAl RS SO ETSHER it e (6
wiedro dricarebe redfenthred fesente imthentatalytic sradking provess.qThe

2. Figure 2 shows only a portion of the FCC reactaqr of
strippingzasesand heesixipped velatide hy docarhans malgrategtr theanty) the

LS seqregated into bath r riser (,215), and
PG riretor 3115 s BjiBremiab TRl B e padisf e ned e o

¢ : ‘i o2 ) _
roRloxHaRF Oark Pk PR ARAL L ALK B M Sid Btalytic crackin
préydssndri cal sleeve (230) which concentrically fits

around and overlaps a portion of the |ower riser
(220). It can further be seen that the upper riser is

[08}(3 anil(t: g}lxcl)lﬁdcb%nri]o%gctl %%re that in close-coupled cyclone designs of the
prior art, a disengaging zone (70) is normally supplied in the conduit between
the riser (5) and the primary cyclones (20). Alternatively, this disengaging zone
(70) can be supplied in the conduit between the primary cyclones (20) and the
secondary cyclones (30) (this alternate configuration is not shown in Figure 1).
The purpose of the disengaging zone is to allow for the vapor phase components
in the reactor dilute phase area (40), such as remaining volatile hydrocarbons
and stripping gases, to be removed from the FCC reactor (1). However, there
are drawbacks associated with the disengaging zone being located in the vicinity
of the cyclones and there are benefits that can thus be achieved in the
configurations of the present invention. These drawbacks and benefits will be

discussed further as the present invention is discussed in detail below.



to the primary cyclone(s) (235) in the FCC reactor by

an upper riser transition conduit (240) and that the
walt@engsegt ng zones of the prior art designs i nPETES2009/002929

conduits associated with theprimary and secondary

cycl ones have been elimnated (i.e., there is not gap

at connection point (245) between the upper riser

transition conduit and the primary cyclone). It should

be noted that while the upper riser/conical section

(215/225/230) is in fluid contact wwth the |ower riser

(OB o AreiisdatRbodiftens o8 Uik Breseit vEalSH isshyym infigure
Sﬁ%ﬁe 5RhSwsniY b n_gfo iBRo ?Iﬂ‘PEﬂFé@ f’@l@fbrtdgg gpe%_’énﬁi?ﬁention.

rrser asse resent nin

HéreetHecintetahbtiser (!Zhb)li‘st e%iégwedﬂﬁlt@ betaae dppém§er5(e¢S) and a
of the upper riser and [ower riser of the present

loiver eiser @20t Theupperaisead21poisrcommisgdref pper comcal shaped
oS TR s b5 Bt S tRTE e
slTaeS'% Z@;&ﬁﬁﬁl {l@ggﬂc‘,ﬁ%ﬁrﬁ&ﬁy fifs> arwﬁd L«lﬁ&'?)rveflh ﬁé é)?l%n pf tkse lower

erm r-gap i N

rise? T(ﬂ?(?)d To AR ifirthér E@ideﬂQﬁaﬁﬁletdWeﬁ FigeSisTA6EhadicAlyeconnected
ined by a ring (or other shape if riser is

to mhm prxmmy a:y):lom(s)\s(asﬁ) adthierF GC peagter by tahoypea riseotramsition

| ower rjser whereint ane | l.ocat e
coarduttr(ambmd thag dhe discngagingwencs Pgﬁw Prigy %rh eHGNY Iy

cop g ncFBE S Btprmen i elRabb &y dands hilsb s
elf’i‘l? tnﬁ 'Et QBEI%ICIE iR gﬁ? b c&ﬁ}?ecﬁbﬁ'}ﬁ)mtTWSP 'B@ﬁﬁedipﬂh%'lﬁiﬂ)er

|ng ned by the external wall of

rlsieﬁ\tﬁhsitiosledon(dﬁﬁ(h)ndahelmﬁnanyt orctand)i dnshauld behoted ﬁr&’e whlle'
This is illustrated in Figure 3B wherein the annul ar

thg Iapparr wserfepnigphwactien (S/27(338) i§ri@aﬂl(i§(§>PPt4Cr‘i wifethe lower
to th
rigs agist (DI ALt Socfioprar? mat BY meGhEKishlSoHiagt with one

anDigr nal wal I of the lower riser (220). [0049] The

term "annul ar gap" as used herein is the distance (in

i nches) between the internal wall of the sleeve (230)

and the external wall of the |ower
[0047] Figure 3A shows this interface portion between the upper and lower
riser assemblies of the present design in greater detail, illustrating an elevated
cross-section of the upper riser and lower riser of the present invention at the
interface point. Figure 3A, illustrates the relative position of the upper riser
(215) and its associated upper conical section (225) and sleeve (230) as well as

the lower riser (220).

[0048] The term "annular gap area" (in square inches) as used herein is
defined as the cross-section area defined by a ring (or other shape if riser is non-
circular) as measured in a plane orthogonal to the axis of the lower riser wherein
the plane is located at the upper face of the lower riser, in the cold and
concentric position. The outer portion of this ring being defined by the internal

wall of the sleeve (230) at its intersection with the plane. The inner portion of



riser (220) at its intersection with the plane as

nmeasured in the plane, in the cold and concentric
w@omptsise2 The "annul ar gap” is illustrated asPCT/US2009/002929

dimension (C) in Figure 3B. _.ljg-the sl eeve and | ower

riser are not circular in cross section, then the

annul ar gap is the | argest dinension between the

internal wall of the sl eeve (230) and the externa

wal |l of the |ower riser (220) in the cold and

thisoieg hmgcdqé“mdtbmthe qxﬁer@abW@ilr@fdhé RO ﬁé‘?ft@zg) at e
infergetion it e | &@Feﬁﬁﬁa?%msﬁﬁ?@ﬁﬁf@v%é%e roff g pnhular

PP Sty R 0 s o

thé @o@bpﬂseraadtwebﬁhe intermahDall ¢ftthé sldeed (23@oahidietextérnal wall
annul ar gap is fromabout 1 inch to about 4 inches and
ofithe dopwenirisgrt(B20he operating conditions of the FCC
reactor to maintain the vent velocity to within the
ranges specified herel n t hroughout normal operating

t Ie 1 H W
OEE S b s e
betRaéh Be mtétaal %llrbﬁih@ @FHeb@ 23@ethd tieeextdr@@b@hll of the lower
Returning to the present invention as shown in Figure

riseA (220 at ltsanterge;mmn withithe plnierasdneasuned imthezplaneven the cold

ri ser section ver | apped b er
rgie«zqncsntr{czn@tlwlt rgﬂlsq a? %28) isilysteple s Ilz%as*lon (C)in

arr ere
U PNSTP T NS T A SR A e
arin®BdrSzapsis eh& RRELG [dRfhehSioRRWEEn the Mgétagl WallldTghe sleeve (230)
preferred choice of dinmensions and will be discussed
arfduht therhelrwah of Ithe bomere(ﬁmrr(ém)enbt(hdldmkhand thecdmgrigposition.
of the "overl ap" as shown as dinension (A in Figure
Ingrefestasi grabedimants of thespresemdavepion the auwlfar gap &)%ieast

The . l.ength of the overla b
Py ABEE. Tons Reetereg I PR e Friie 8 B BB fbout 1
; Y
nERE G 4 GRAES e MR TBE A6 0Bt g R4 oo
1.6 prctssito @aboavBdndliesn.In[a0fibst préfered aﬂbb&meﬂtaﬂletmmlar gap is
unexpectedly di scovered in cold flow experinents
fromeaboued dneh tmabfmtcﬂ inches apé ingined withothe) apesating 9@@(!1@%5 of

an
the Féé reasctor to malntam the vent velocity to within the ranges specified
herein throughout normal operating conditions. The term "normal operating
conditions" as used herein is defined as 75 to 110% of an FCC reactor's design

hydrocarbon feed rate.

[0050] Returning to the present invention as shown in Figure 3A, this
configuration is defined as having a lower riser section (220) overlapped by an
upper riser section (215) with a cone (225) and sleeve (230) arrangement where
the sleeve wall is substantially parallel to the lower riser wall (220).
Experimental tests were conducted to provide guidance on the preferred choice
of dimensions and will be discussed further herein. In a preferred embodiment,

the length of the "overlap" as shown as dimension (A) in Figure 3A, should be at



l ength in the di sengagi ng zone design of the present

invention. It is believed that one of the significant
w@e@blisrse2 with the designs in the Krambeck andP®EK$2009/002929

patent discussed in the Backgpound of the Invention

section herein, is that a transition | ength was not

i ncorporated into their designs, and in sone

i nstances, the cone and the |ower reactor riser may

have overla pped. What has unexpectedly been di scovered

leass 6 ingheswhen thasitas epld: éhagt length efetim ovealaprs praterably from
d t f

abo 6 aBoub 36 i, Bors PLprabliefonhabulas o F54i 74 iffhes. and

e\)eﬁ r#l&% Lpr &aﬂ&nf‘:ﬁ&%ﬂft 96 a(b%'ixt 15 G r\bﬁ%ﬂ the unit is Jn the hot

IOﬂ e term"transition as use

(1Bel’o9bfhtin§ icohgiionated in Figure 3A as d| mensi on ( B)
is defined as the di stance between the face of the

top of the lower riser (220) and the point of the

ohB1 530 i P ER0 a GBS ISA YA
R N e T e

len@¥ahtA diskh BESIBE Hdne s RAUGH the tphesedY fivadntiohe 191 belfeved that
en%te sl eevle gs%a g [8052]8%%dd|t|etg2al ly, ar?oltoher evea e

onei @fithé |s;gnﬁcmtsproblmys withtthe desiges iin thef Krarobegoand Kagn
fairly shall ow cone angle in the di sengagi ng zone

pagensidiseussed Hbtl\gr%ﬁmwm/emheowveww sestian Bersin, anthat a

B S S P e
thé QSnf gﬁg the FowrerdRdctoP SistPRA Hdv%‘?fvemk)h ed.2¥at Hak

shou e noted that thelaltudeln e ranges of
urleikpsctetWobetpsdigtovased i that somae trankgidn lengtht 1scrnqh1eerﬂ;irhthe

and the cone angle, forsuccessful operation of th
degigssefrtheiprosant |11®‘f¢nl’ﬂ@ﬁdf @rwrmmmt Ebﬁéﬁ@él?ﬁm%lbbﬁnmal

one _anot her .as rﬁll be di scussed f ee% 340.,V\h| l e
Wit th Rrery iRBerionis n o adig-Eonsent 0 is

o%ﬁgggegg.mtt& 3B s e IEhSMP 18 %is¥l herdifgs H[ds@rrate'l‘f fn Figure

patents i s the inportance of

3A B déhthsion (Byahl igdefined asithe distanoe beaV@netheAface: aﬁtl'h:etop of
seen fromthese references, there is not nmentio

theiower risert(238) and dre peing of the intergegion of the cone (225) and the
sleeve (230), as measured along the axis (D) of the upper riser (215).

Additionally, as can be seen in Figure 3A, the sum of the "transition length"
dimension (B), and the "overlap" dimension (A) equals the overall height of the

sleeve (230).

[0052] Additionally, another significant discovery is the benefit of
incorporating fairly shallow cone angle in the disengaging zone design of the
present invention. The term "cone angle" as used herein is illustrated in Figure
3A as angle alpha (o) and is defined as the acute angle between the cone (225)
and the upper riser wall (215). It should be noted that the latitude in the ranges

of these two design aspects, i.e., the transition length and the cone angle, for



angle. The Figures of the Kranbeck and Kam patents

seemto infer that there was not any transition |ength
W0 pwonpisent ed in their designs and that the coP@I/EHSIPNE002929

was basically about 45 (see-Bpgure 1 of U S. Patent

No. 4,579,716 to Kranbeck et al., as well as Figure 1

of U S. Patent No. 4,588,558 to Kamet al.). What the

i nventors herein have confirned is that with no

transition [ength and a highly angl ed cone as shown
supcfessmlaxmeamraﬂﬂth@fﬁmten%@nnggd tpbe apmwthdepenc?eynt

designs are hi ensitiyv he eccentricit f th
URQB A 2 ?r&ﬁe\%nnéggf%:}lsfg @ﬁeb‘e seen d: glcu)s/sgd i'ne

the Kam and Kranbeck patents, this was al so
experienced in their testing of their designs. In

[0083] i culaile nievishing tedsetndldito iahy spetificaheory, itlis belid0ed that
(as discussed in U S. Patent No. 4,588,558 to Kam et
ofghe Yeficiedrios wpith the prionar krasbeck @aaddsampatends iy g of

e SRR AR PRl ST A e
S ook ML poP By NS gk 67 conc

anB¥dlr PREFRAIEs OAkISOKrANnBEek asd Kiagn pyRAGY stein @ infart thiay tHere
also terimed as the "solids") escape fromthe riser

wath'hmcﬁragqlg'rargsiﬁmm &ngdh ingdrperatédsimidieyi degignsraasl thehths ¢ane
the cycl one arran ts,.intqg t i.] ute pha I
angic WR% bpeicatl s about 45 see Figug ltféf?ﬁégf@&eéﬁtﬁ?- iSﬁﬂi? to
"E' a sed_herei n. [ b or, :
KR 1377 T F & HEEN S BHENFEIIHRSSS tg Kam ekl
What 8RShyEhtdss HerSRDRARN cASimACIMS that WitAR{bSiramsifiéh 1érkth and a
Figure 3A in the operating position (including
highly-anghedkoome as sosvn byrthy Kranmbe&k and them 'patenis,ghatydwe prior

IS shown as dinension (C) in Figure 3Ain the cold and
artdesdgng arechighby &q%ﬂxvqfi)e%femgc QE e upRGT andolower risers. As

ca(rjlibrecsl“(leler&ll rdisrcluségerdS in &%%(Er%ca%%t I&'racrhf)é/ck' Satgltlts,o %"15“41«%9 aislz)e
experienced in their testing of their designs. 1n particular, when the eccentricity
gets above about 10% (as discussed in U.S. Patent No. 4,588,558 to Kam et al.),
a disruptive flow pattern occurs in the area of the disengaging zone causing
significant amounts of backmixing of both hydrocarbons and catalyst in the FCC

reactor.

[0054] It should be noted that the term "backmixing" as used herein means
the amount of hydrocarbons (also termed as the "vapors") or catalyst (also
termed as the "solids") escape from the riser disengaging zone, or other
disengaging zones/vents in the cyclone arrangements, into the dilute phase area
of the FCC reactor. Also, the term "eccentricity" or "E" as used herein is defined
by the formula:

Eccentricity "E" = (S/S¢ - 1) x 100

wherein:



upper and lower risers are conpletely concentric and

at 100% when the upper and |l ower risers are conpletely
weewensyser (i.e., in contact). This definiti onP@f/US2009/002929

eccentricity is the same as_ngferenced in U S Patent

No. 4,588,558 to Kamet al. [0056] Continuing with the

di scussion above, it is believed that this flow

di sruption experienced when the eccentricity is

greater than about 10%is caused in part by the upward

novihg cahallgrgestiningrdithensiones shpwarasshmension; (¢iipdiigure 3A

on the cane, of the upper,.riser, section. The nbving.

Catalyst bR opeATSERAseR RnshiRe RoREonFeItFiS Hosgigns).

of tJHﬁ riser disengaging zone. Additionally, it is

beli'eved that the flow pattern of the vent gas and

ent rgy sedheabahilat ¢hp'OIY sHodilhd dingersha CCpleRigafe BiAcin the

reactor entering the disengagi ng zone is severely

al tered igoldtand concemrioypaskteombr upt cone wal I angl e,

agai n causing | ow and/or tangential velocities in the

area of the di sengagi ng zone thus "breaking the seal”

Ol A6 B D B Ly 0 e
uppRf afll 6\ 6r REES are ev@pRite iy Gricehtriceatd 8 100% veheithe Upper

oted that this design and operation of the prior art
anddbwen rigersemralcompletebeverentiia ke i cantadten Thisedefinition of

eccentricity is greater than_about 10% but also
ecceniticity is the:sappe as refsrangedaniU. o Pateat Mg 413885 Phta Kam et al.

riser equi pment which will result in significant

erosi on damage unless nmitigated. [0057] In-order to

[oS6] Y. @&s’tirﬂﬂﬁgwmtﬂéﬂ&seﬁg&%ﬂ B5ovR], it 8% eHEGEFilat this flow

I nvention, co flowtests were perfornmed as di scussed

disrptibe ekparipheedhehen thd edcentridityals greater thaamt abiowd 10% is caused

_present 1nvention configurations. Cold flow test .

in partddys theerpevarddapvinglgatalyshisem thedower risengectiog impinging on
intern

|, riser reactor pracess utilizing..the

th;Poic gRhewprEs ser seciort T Brovipe crBly iethlostwmomengum

r t Ok rds S ol :
L e T
thattht dow pafiernt$§iGhe Vet pas and 8afrainedcanilyfrfemashe dilute phase

utilizing the segregated upper riser and | ower riser
arepof theineactioo entenigstbaldisbngaging zonsl issevenchanligred in itsfcourse
by;_t?lgg rrue}%%gnglvgé 2}&}&@? Sil_nn(%alpgirngtlgwag’n QI’O %glerqtialtzll velocities in
the area of the disengaging zone thus "breaking the seal" of the vent gas and
again allowing catalyst and hydrocarbons to escape from the disengaging area
into the dilute phase zone of the FCC reactor. It should be noted that this design
and operation of the prior art not only results in severe backmixing when the
eccentricity is greater than about 10%, but also results in severe impingement of
the catalyst on the riser equipment which will result in significant erosion

damage unless mitigated.

[0057] In order to verify and quantify the benefits of the present invention,
cold flow tests were performed as discussed in the Example herein for similar

prior art and present invention configurations. Cold flow test models were made



shoul d be noted that in these cold flow tests, the
desi gn of the present invention was conpared to the
webkmgasts2zommerci al prior art as illustrated i PCHUS00%002929
1 herein, not the Krambeck/Kapdesigns, as the
Kr anmbeck/ Kam desi gns, for reasons as discussed in the
Background as well as the Details of the Invention
sections herein, are not commercially used or viable.
[0058] These cold flow tests not only allowed the
for iy eshortsontaokitimne FCLeindemahigenreactan proesss adilizingthe

o BRSE FRBh R e SuB o e B YRR Bk
) TG g PGP O ) g s

conbRtRIh® FCU intkmalbigelreabtdr pro¢is uitilizing tHessegesiited upper

schematic configuration for the cold flow testing of
rischangdower eser ¢onfiguoation andsealed risgr/cydlohe arrangemwentof the

cold flowunjt for the prior art copfjguration, is
preyeahinyeRtiondaundg Qs shopy iy Bleees %%ggiﬁeﬁh Aand 9B). It
schemat i nfd gurat | ld.f ' .
shBFT boBaTRRL e R ARG 4haRE i g DHhE Bl Avention
waCidparealtd the EWsst! &mewal%mdarﬂsmm&ra&éwimr%?em
Invention is shown in a photograph n Figure 7B. e
hetleihahbsthefK taneb exdridami dessgnsnde thelratnbedleKaod defignsy for
tests were perforned are detailed in the Exa

| e,  and,
reaspmsag slisqussed in therBackgreunday é&ell[%dhgqua@%ggﬁwsmvsmon
8B show t he resylts of testin of.chith the prior art
seghiens ﬁ%reﬂ}’é%%ﬂf’ ??%}ﬁf?lsﬁy&ﬁa‘gf’r-"é? %ned" conditions
as well as the present invention under "m saligned”

conditions at different riser velocities. Figure 8A

[0058)1s tTigesercold floof teSBl natonleakeged(thaimlensors tovisnalize and
di sengagi ng zones as a function of riser velocitjes,
measure thel lpsses Wrles physicaheonditions, byt alsesallowed the inventors to

Leakage( hydrocarbaons) from the di sengagi ng. zone
rup Gt PTRRUAERaeR dpakpcindes eisaleted 2ph diohg 46 Tesk et the
S O v ! ! arn - !
prEs i Hfon sy, e BrifiOR B! FElHernfbAf BroBm Lo SiaRa with the
prior@irt K mbEckaad Klandl desighs.a Tht aggeral 8gherAi©88ffiguration for

(pl ease note that the graphs in the Exanples are in
thexplshBawi testing af the)prior art is shown in Figure 6A, while the actual cold
flow unit for the prior art configuration is shown in a photograph n Figure 6B.
The general schematic configuration for the cold flow testing of the present
invention is shown in Figure 7A, while the actual cold flow unit of an
embodiment of the present invention is shown in a photograph n Figure 7B. The
details of the conditions under which the cold flow tests were performed are

detailed in the Example, and the results are summarized here.

[0059] Figures 8A and 8B show the results of testing of both the prior art and
the present invention under "aligned" conditions as well as the present invention
under "misaligned" conditions at different riser velocities. Figure 8A shows the
amount of Solids Leakage (catalyst) from the disengaging zones as a function of

riser velocities, while Figure 8B shows the amount of Gas Leakage



[ 0060] Even nore unexpectedly, the present invention
showed al nost no difference in catal yst | osses between
wo b@oasisgned and m sal i gned cases. It shoul d bRCTHUS®09/002929

herein that in all of the cobgd.flow tests, the

"m saligned" test case was run at the nobst severely

m sal i gned conditions of 100% eccentricity (i.e.,

wherein the Iower riser actually was in contact with

the sl eeve of the upper riser). [0061] Not quite as .
(hydegoarbans) fram thedisengaging izones as adurdtinnnof mser; ypledties.

.8B,.the.Gas L t for.th | d.. .of th
e 8 8 ] B i PR e
PRSP ST A AR P prirs of magnitde

orResth@serhth 2699900, (Wledr!idte tharthebhiphsdhnbe Exaniplekagen
in the "msaligned” condition. [0062] Figures 9A and
expBnemidal schkes).esul ts of testing of both the prior art
and the present invention under "aligned" conditions
as well as the present invention under "m saligned"

iti ' i ;ar : '
(09BOE 18 BbrCuhbE @il ipreseht iffErlion S8 Sffost no
diffei@zetif catadyst 168 el beieen theWligndd apl G alifRe @ oa4¢8! I0§hould
Sol i ds Leakage (catalyst) fromthe di sengagi ng zones

beasoted herein itleat infallrofsthe coldiflomatests, thehnhisaligged eteSBease was

shows the amount of Gas Leakage (hydrocarbons), fraom
rup aé thy BesbRyicRyy BHaligaed conditiansif 160% iesesntriclty (1.e.,
t _can. he

Wi G 1A PoBEaQBE M Th FeBtiE B R et of i upper

ﬁﬁgiigating both solids | eakage and gas | eakage are
shown by the performance of the present invention as
conpared to the prior art when neasured as a function

of the riser flux rates, Additionally, performnce of
(006D e Nt quits/anstreHnEnbworary iskenifigantgasshowndn Figure 8B, the

G L Eragiiantes SRETHE Dhedieacase PLInGHeSPig indphlorfiwte iy e Fanee
: . ) o . A

ofEBLPLE 210 ghALCRA LA RURST P! ASM kSl

pré&seanpieentiongioncadally pérdvemedad-ingllr arsbelEA fanmidiobdzing gas

herein. Figures 10A and 10B show
leakage in the "misaligned" condition.

[0062] Figures 9A and 9B show the results of testing of both the prior art and
the present invention under "aligned” conditions as well as the present invention
under "misaligned” conditions at different riser flux rates. The riser flux rates
are a measure of the catalyst mass flow rates through the riser. Figure 9A shows
the amount of Solids Leakage (catalyst) from the disengaging zones as a
function of riser flux rates, while Figure 9B shows the amount of Gas Leakage
(hydrocarbons) from the disengaging zones as a function of riser flux rates. It
can be seen from Figures 9A and 9B, that similar magnitudes of improved
performance in mitigating both solids leakage and gas leakage are shown by the
performance of the present invention as compared to the prior art when

measured as a function of the riser flux rates. Additionally, performance of the



the results of testing of both the prior art and the

present invention under "aligned" conditions as well
W@0whe1spr esent i nventi on under "m saligned" cPCHUS10091602929

at different vent velocitiespgl.n Figure 10A the anount

of Solids Leakage (catalyst) fromthe di sengagi ng

zones is shown as a function of vent velocities, while

in Figure 10B the anmount of Gas Leakage (hydrocarbons)

fromthe disengaging zones is shown as a function of
presenginyeniiony int kodh theydaligned!' apd) "seiseligned” conditiens (igas

col BRI IR BRI B3 e S e Lty
inflrS689a0b W?‘%ﬁo lifeRiedr@t the velocities as

I't noves throug I sengagl ng zone and into the
primary cyclone conduit (as in prior art) or into the

riser (as in the present invention). The vent velocity
[0063heasThetashigures fvomuthetcold flomosxpesimends of Hee Hxample

as intp the test facjilit Lvj ded hy. t he SS
hed@aars abovman T5Ruresd O aud APBLATeln dtightkS (B3R 408 show
thg FEus Sts i SL BRI rick AR id e E VAR, iRy,
"aliBHEdrt LOMUidYRS ad KRS the prédent evendibndirdee I'imigalippied"

veél ocities and catal yst mass flux rates ("Ug"). As can
condits@msmatidifferant ventt @lpcittes nds Figenet 1 0 e tecamount of Helids

Solids Leakage rates. fromjihe present inventjon.,are
Lgakage (¢afalys %mmlt GiseNgaZE ZHSS I ag gifpactipn pfxent

ri.or art.,und C I £1.0ns. r
velicifibs ehitg Bl BRI 0BRSS e AR Bldbsarbons) from
thé _ﬁié‘é’ﬁgh?ing' e islswihs a fhetionss riverefiee¢atesl! The "vent
di scovered is that at vent gas velocities at or above
veddirities"1@r f'véstegas vdlecitiesage thavescities ofthe fivéntgast that is
i mproved. This is even nore_evident fromthe data at
the gas myneng &Tase ithe awwasurGUNgHIE, deLhsngagme Zonse@s cajcylated at

as_can.be seen fr Fi es,.10A and 10B, higher, riser
g SR o § Rt Pl dbR s ea B0 28NS Erefdlry
| i i : ;
ey CorduRY BY B pHBEAL 0P Mitg' e PRLE S Oh e pRaEnERivention).
Theesetttvelodity B messueed asitirnvsldintatrit floof raté ef thieesanttgas into the
invention, the "transition length" (as shown in Figure
teg Apcility dieifled Ayithe cross sections area of the annular gap area, as shown

as area (301) in Figure 3B.

[0064] Figures 10A and10B again show the significant improvement of the
present invention over the prior art even at differing vent velocities and catalyst
mass flux rates ("U,"). As can be seen in Figure 10A, at most vent velocities,
the Solids Leakage rates from the present invention are less than about 1% of the
Solids Leakage rates of the prior art under most conditions. There are also
significant improvements shown in the Gas Leakage rates in Figure 10B. Also
what was unexpectedly discovered is that at vent gas velocities at or above about
10 ft/sec, the leakage rates were significantly improved. This is even more
evident from the data at vent gas velocities at or above about 15 ft/sec. Also, as

can be seen from Figures 10A and 10B, higher riser catalyst flux rate, especially



fromabout 6 to about 36 inches, nore preferably from
about 6 to about 24 inches when the unit is in the hot
W@ poog/1515eper ati ng) condition. In preferred enbPdi/me200%002929
of the present invention, thesangle of the cone
section, as shown by cone angle (a) in Figure 3A
shoul d be between 5 and 25, nore preferably from about
5 and 20, and even nore preferably, from about 5 and
15, fromthe gxis of the riser. Along with the
abgvmehenoHe Ib(ficwsded toémprenedarednctiory i bathisalids aadgasdeakage
it inpacts riser wall erosion and catal yst flow
IalgShavi or. It should al so be noted that the overlap
l ength and transition region length for a particul ar
enbodi nrent may be dependent upon design factors such
[0865] butBaxed dri theb@tnéxpectéBRisulls anel grefert@bdsbodanents of the
rates, catalyst rates, operating tenperatures, |
pregeat nvengiop; tus Uransitiemlengthdciasshewndnikigure 3A) is preferably
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enPd diifent 6T MRPresct ipverRRRS thedindTe @f!thé GotedSction, as shown by
available in the industry. [006 Additionally, In

conermgle@i)andtigurd 3Anshypulibbelbsiwezinl ¥ dral 234, mhaderprefezably from
same overall superficial vapor velocity in the upper
8ﬂ§onhthe

abanti5? ang 207 anst eancmiormprederabhp fperaabout phosddlid
a ferred enbodi. t af the present .inyentio the
ax&r‘pgé CIiSCEy /5 8RE i"%‘ﬂ?ﬁ’ﬁs&@qnﬁ} rABONEthE A Ob‘fea?l&%rle tor
. ti . : . ' ti
AR AER Rl AES LRI A6 il P Bettnas b
al$d BafibteatHaodRIRVRfRp lengtatdhelr tramiiteon fdgidbh Mgl fona pagitular
the annular gap into the upper riser section. The
embakimestotaydradepandanbipemdesign fhetorsgashafs, baengtrlimitad to,

.invention shoul d be designed such that, the vent .
T15¢e pm?t?"’\ﬁg?‘?ﬁt’f?af‘h@t% ﬁa?aﬁystg'a% QPEAURE LyMPEIAHIEERRErating

. : |
S 58 P AP o 8 I
uti'fliieﬂ kg cBhRMRbn vie Shor@ét transitiGibdipihs & indprake PerfPpmance.

t/sec, nore preferably from about 10 to about 30 )
Oni¢ oEsld]l innble artahaydesignab¢ prépergeabmity dbthepragemyiniHtion

fop 3 pagican b ceop toped o mpIeI e el GHIFDTS Injheriadustry.
annul ar gap.
[0066] Additionally, in some instances, it may be desirable to maintain the
same overall superficial vapor velocity in the upper and lower riser sections of
the present invention. In a preferred embodiment of the present invention, the
upper riser section has a larger internal diameter (or cross sectional area if not
circular in cross-section) than the lower riser section to allow for the added
steam, hydrocarbons, or other material flowing through the annular gap into the
upper riser section. The cross-sectional area of the annular gap of the present
invention should be designed such that the vent velocity within the annular gap
is greater than about 10 ft/sec and even more preferably, greater than about 15

ft/sec. The preferred range for the vent velocity in the present invention is from



[0067] During operating conditions of the present
invention, the riser is operated at a sim/lar pressure
wa@sgoovhgisell | ut e phase area of the reactor. As sPCHUS100%002929
annul ar gap is controlled soogs to allow the volatile
hydr ocar bons and steam fromthe dilute phase area of
the reactor to enter the riser and be renoved through
the reactor cyclones. As discussed prior, it has been

unexpect ed been di scovered that under

ah@pééaoiahgu{:gﬁl LRSS nsqremgﬂerahlytftmmaponbh@ rt%ﬁﬁéwéo ft/sec, and
S RRARE I R 33T OGP o 050 s Eh o e ve

balrg@&%h%e i%%@eét@@ flow F%Sg)g]%ﬂ n?% g?:%?} gé]ti%filn'g'?hé Q@nular gap.

resent enti on. 0 ant benefit
of the present invention with respect to the prior art
configuration of the close-coupled cyclones as shown
[0067Fi guPeringioperaiing ¢onslitivseaftgi prgsend nevensfon;, Hee Figerds

orFateRat piHoEPresHiEaH hi AMFopRasearea SHSGAFE AS Such, the
S L

fré@rthe idilngs phavetaata af tireattd?RE edidr e rifedAitEbe ternbvédie
segregated riser of the present invention is that the

thpoughl theweactor oyeldnesy Aalhisouasédopriamdt hasshesinl unteixpactsfily been
these di sengagi ng zones, as wel| . as the operg}%i onal
digrenviessdthat 88deRIOPER PREANNEIFONLHiqNs; Hiat yirtually pone of the

el impated. . [0069] The nr e the '
s B3h Fscttiehi e PE AR B shidBiye Rfupactor Abr 1o the
digﬂ??ﬁhgé‘ﬁl‘eg DA R GH BAIRE Biser®SaniRllar @6 418 in the present
Iffirculty in maintaining proper annular gaps can be
invéntuat.rated referencing the prior art schematic in
Figure 1. Due to the high tenperatures to which the
associ ated equi pnent is subjected, the internal riser

bR e S By BRI o
BSOS, SRR GF U ot 600 QGRS f S g 1

that thedlisshghgirigheorestafahe ptiot het fre&diffadt torfi€ld )instalhe e final
conponents tend to nove in ogposite directions. This

dasignsafithe priex aspdfien bavetp make pgompraatise hetwesnghe optimum
mgél?a\%gal and process designs, resulting in a design that is not optimally
efficient for eithér installation or operation. A benefit of the segregated riser of
the present invention is that the problems surrounding fabrication and
installation of these disengaging zones, as well as the operational deficiencies

associated with the prior art, are eliminated.

[0069] The problems that the prior art poses in obtaining proper fit-up,
equipment installation and maintenance, as well as the difficulty in maintaining
proper annular gaps can be illustrated referencing the prior art schematic in
Figure 1. Due to the high temperatures to which the associated equipment is
subjected, the internal riser (5) must be able to thermally expand and move

independently from the primary cyclone (20). Since the primary cyclones (20)



of the reactor riser nmust be accounted for in thernal
cl earances. Due to these |arge | engths and high

wao b@pisds2expansi on (FCC reactors general |y oper@r/e@sionom929
about 950 to 1250 OF), exces3hve clearances in the
di sengagi ng zone (70) nmust be addressed by design.
This contributes to poor capture and control of the
cracked hydrocarbon products and spent catal ysts from
the reactor riser and can | ead to excessive coking,i

are ttacheshtoothetthp ofitke Fg&graagtordd and the wderpel reaggorgrisle? (5) is
Ny hani cal ' 0070] Addi t.i :

atfaghed 40 Bk BHTaTR Atrige FLRTERF @D oiEss FrpoReta AR [gmove in

o;ipggit@ rdZL%CBE)né.h?hfy i? %Pﬂﬁ&l OehspaRted Egéh@ﬂﬁt HR tlgé gthl growth

reé-di mensi ona erances required in this design

of B8 ¥EdRof Hadr Mustbericdobatddforiin ghemel cldwgarides. Ragctoothese
be fitted and installed in the field. This directly

largeclengthssandvieigh thermual texpassiog (FCSrdagtags generally apseate from

aRaBhDP QLD 1 NCFHGEEHIVS AFaRRNcsh (F NSdiabasgAnE ABRS | T) must be
; . . A

BB, atslabf] This CRRIERER T hidor MbROat eIl dfhe gracked

hydt6tAB6R produdth afd I88htAhtaly 5B TPorh RS CeartGrOGicktagd can lead to
conponent's nove in unison, “significantly less field

exddesdivagokimgriaghe aesh ¢fitherdisealgaginpezoneaG0das welbaswesslting
of the present design as conpared wit the prior art
methadcal QopRI@NH§®| one designs. I n the present
i nvention, the entire upper riser, primry cycl ones
and secondary cycl ones arrangenent can be pre-attached

h . . .
[0090f n€ ﬁgggﬁfgglﬁz gﬁ§ o@@rlg}gg’l g R Pary dAdoft thiECConduit in the

react or e reno t he "new desi gn

are@ W@l&ﬁdis&ngd%ng zefle (T0) aid thewtéght thicetdimensiindl taletanaes
conpared to the prior art. This novel design can save
requirhd fin ¢hig desigatreqeire drattmueh afthedpterppls ofithe F&C Reactor be

doywnt i e Xi Sti FCC.units resulting in
fifihand Srsblos Eue (59 dpfirs@iv FEterset i el qpraaunell a

' | ARy L Haids s3@ retrBfikgrar y cycl ones,
1%%%@&@8{1&32@; cyc‘f gﬁlgéqtag ﬁ%mfsnst arlerred1 together in a

nodul ar manner. In other words, no di sengagi ng zones

(and associated field fit-up with the associated,
[0873] oneln statk conteas), the ressguinvention is palegignswherein the upper

. nvention bcft wehen . . . . .

riser is connected to the top of the FCC reactor in conjunction with the primary
and secondary cyclones. In this design, since these associated components move
in unison, significantly less field fitting is required to install the reactor internals
of the present design as compared wit the prior art close-coupled cyclone
designs. In the present invention, the entire upper riser, primary cyclones and
secondary cyclones arrangement can be pre-attached to the head (top) of an FCC
reactor. The old FCC reactor head can be removed and the new design
components "lowered in" with very little field work as compared to the prior art.
This novel design can save both field construction time as well operational

downtime of existing FCC units resulting in considerable savings.



either the reactor riser and the primary cyclones, or

between the primary cycl ones and the secondary
weywbosss2 As a result, the conduit section bep@EES20091@2929

riser outlet and the primaryjzgyclone can now be fi xed.

Figure 4 illustrates a preferred enbodi nent of the

riser outlet/primary cyclone inlet connection of the

present i nvention. Figure 4 shows a preferred

nbodi nent  of the upper riser (215) and the uppe
[097%}ar ofys discussemls thesprogent ingentiopa Wﬁﬂieyre@ytqrdrﬁér primary

e IR R TR -

Rl SRR AT S Py by

asSydihedeycldks andlriser) Areaeqwired i ﬁf@re@dlteﬁbﬂdldmmtween
the height of the riser reactor outlet, "R', is from

extalm@o the reastorgisghend tix primane syeloaenrdietween theppmamar y
cl one

RT3 S o SOREL RS EPLRISE B B
e S b B S AL AP L Rk g

prbferfddOéﬁuB@dMexﬁ df@h@bi@ett otldtiprRa choneilst condkotién of the
inlet height ("L"). In a nost preferred enbodi nent,

preseat revegition( "Rigpra 4 showmemefdrresl ¢robedinent Hfthersppertriser

Li mar cycl one inl t hei In, yet anot her
@ Eﬁ)em,d l@oumabﬁeﬁeﬁ et @ﬂé? e N@lta%ﬁletmm%@m??ne (235) and

d n
thi BEREY Helor lpﬁlés‘ﬁ?) i L Rl
emlbRIThRBLUhe he HtQ)f Qﬁ@ﬁﬁeﬁehbt@%uﬂéﬁ "RM f@frbﬂnﬁé&h@ Ne0 to about
inlet height ("L"). More preferably, the Tength of the

2.0 oineksi the heegtitgifahe ﬂrlﬂer\AZVC]dmeFin!m,r 'L "4) Inconmeee prefgrcte
upper reactor riser 15) to the prinmary cyclgne (1235

embodiment.4he bplgbt@fttbe a@%teagtos Oluﬂﬁb Ri'his fspmnghapt 1.5 to about

2. Gt dRgi Syt Ted Bimacy il A W ane ort hogonal 1o

the axis of the reactor riser on a I|ne al ong t he
centerline of the conduit fromthe outer dianeterof

[0073] upRetursiagitoFigurest, ih AThprd prefdrecdbembodihentedfahe present
the primry. cycl one (235). [0074] In_another preferred
ineertiiam, therheight ('Hé")midbe wppemriser from the tamof guskiisgy outlet

(415) to the bottom of the cone (225) is from about 3 to about 6 times the
primary cyclone inlet height ("L"). In a most preferred embodiment, the height
("U") is from about 3 to about 5 times the primary cyclone inlet height ("L"). In
yet another preferred embodiment, the length of the conduit (designated as "W"
in Figure 4) connecting the upper reactor riser (215) to the primary cyclone
(235) is from about 1.5 to about 3 times the primary cyclone inlet height ("L").
More preferably, the length of the conduit (designated as "W" in Figure 4)
connecting the upper reactor riser (215) to the primary cyclone (235) is from
about 1.5 to about 2.5 times the primary cyclone inlet height ("L"). It should be
noted that the length "W" is as measured in a plane orthogonal to the axis of the

reactor riser on a line along the centerline of the conduit from the outer diameter



baffle is installed in the FCC reactor below the
primary cyclone inlet. Figure 5 herein shows this
wepdodsrsent of the present invention wherein tPEI/US2009/002929
antj-coking baffle is instal-led in the FCC reactor
bel ow the primary cyclone inlet. In preferred
enbodi nents, the top of the anti-coking baffle is at a
di stance of at least two tines the height of the
fprlnar cyclone inlet (shown as_dinension "L"
offthg upéemyeaﬁmsmenéni)ﬁoahe optershamgtey of yag Bﬁmrﬁ |C¥t310ne
(zgﬁgure Sillustrates a FCC reactor design .
Fncor porati ng many of the enbodi ments of the present
invention. Figure 5 illustrates a design with three
primary cyclones (235) and three secondary cycl ones

[0074p) aintawtker prefarad apbedimpasrofithe preseabiiventibadn anti-
fromview, but located in the center of the assenbly

cm\hafﬂ; llsugibtaflal?ids)n thesF CEirrepetos bé}o;v thenprangry eyglone h@let
b l. h

Fighs Sferain aews sa8 etariinedt R RGN dBYtin Bherhhe

anqle§6lgﬁ§ |l_)%ffﬂé Ekelﬁg{dlgﬁ ﬂrtf'l i“@ﬁ? tHgg Ll%?éﬁ%é@ tngbgrﬁbé/'gﬂfne

inRPOYIE ¥éTErr@ﬂle%ddlﬁl\éﬁtSO|ﬁI@§tcﬁi@ﬁhé)am10@ikl T%‘blafﬂ@isl 416 distance
bafflels not illustrated in Figure 1). is made the

ofiatdeast hwioitiomesathe heaghttafithe peindrytdyelanetinles d&lhown laa dimension
"I_?, 1n\filg1|u;q @eﬁgﬁb{;}gﬁgﬁ ?@&“It}?fg gggmtr{) gy(r:]glpgtlé?l%% Fi,népure% 1t11ustrates a
f
P bt b B8 15T BERGPabLATR BB cneh PR
inSeHtidi | PiYurd safhaparea R A¢SignhRitA Thice GRIhAY Halbne (235) and
person to wal kupright in this sectlon duri ng
threesteabhddry ayslamed (ShSpatacheddo asingleiuppat riger (dbistructed from

-design provides nmuch greater access to _ many of_the
vigw; butcle@paﬁeﬁlgpéb@ cemtep @f thesassgaplyushewa in Ep)glaﬁ Yhes can be

sei L 1 oo b P - D e RS2 R B BERGY LSy 3P Briity
cym?ﬁhfda(%?% ﬁ%ﬁl@ﬂl ¥loseAdiple SO @oRE d&hgnPSf‘ﬁfe‘ prdor art (as

ower anti-coking baffle in conjunction

illusttdtedlimeic pripeatt Hf dighieel )p thesami-cokingritaffie imtorate above the
[ ascan be seen in Figure 5, virtually

follows. Firstl
primerycasalones: (8ae bipical pbrcoling bafie isnntyllpsigitedan Figure']).

Se%&?lgatbé é@%ﬁilzgtgg%gr?é} Prpacl’rrltte%aggedofa t?)e an 1oé(c|)knlgg %a%ttle Gs %21l as
the inspection of the related components (i.e., riser, cyclones, supports, etc.) very
difficult. As can be seen from Figure 5, the design of this embodiment of the
present invention allows sufficient headroom above the anti-coking baffle for a
person to walkupright in this section during installations and inspections.
Additionally, this design provides much greater access to many of the critical
inspection points such as the top of the internal riser, the primary and secondary
cyclones and connecting conduits, as well as the supports for the riser/cyclone

assembly.

[0075] Some of the benefits with lowering the anti-coking baffle in

conjunction with other aspects of the present invention are as follows. Firstly, as



single unit for installation into an FCC reactor. As

di scussed prior, this new design reduces a significant
wapwansisef field fit-up and installation as wePCT/HS2009/002929

equi pment downtinme. This newsjnodul ar” reactor design

can be pre-fabricated and attached to a new reactor

shell for "drop in" installation saving tine and

costs. It was noted before that the elimnation of

di sengagi ng zones in the cyclones conduits reduced the
caarhewseen oh Figuried, vitually thepgritiredeactprilpperiniserprimgiy ayclone,

baffl e from above

scpdsed SWeRe. PARTRRIS AL NGRERING Aa{De G2BLE e RS Ged 2s

. fetl ' ' OR o L O thi

s B SRR ShTCC Tl R S pe

de@f%%al‘eﬁﬁc@é?@ Sizsificant Athdudi offficld €t dndciakialigtibalak veclbss
well as to associated critical conponent areas that

equipmented@entéms. diids newpgeooduar ateaciog designi candrepriesfabricated

Additionally, the lower antj-cokipg baffle placenent

andextiached (ha Nyl T5A€L08She de] dnomlapﬁaﬁtaﬂi%t’f%k {aying time and

e ed t [ [ . . .1
coflt A pivs o R R ettt PRRIDAL BsLiaib PBnE titne
cy?ﬁﬁfé@ Ic3h8Gitdduce8 k@ kindantBf B/ Afup réquiibad. OSisiSarly, by
mal nt enance intervals). This wll also inprove coke
méeingahe ahtiycokingbaffld frgni abovetheprimmyoryeseneyiochelew the
(favoring the production of nore valuable products),
priroaryeqy cleneinherpsesead desigd mushtofghe W@llwﬁﬁ%‘twork for
. inyvention,.th t i COKI baf f f 4h t
b SRR e, TRE PSSP Pl BPLERR My s
acBs! 163U sh BRHE fil-LokinBbattIE &S WelPadhoPdssbidtddritital
steam bel ow t he baffle gpparatus to a concentric zone
comipuiat hias ithdtaeqaire htsss andihspectidaalt rygulapingtsatshe
st eam condensat e adj acent to the central riser

Addisienglyahe dowgnpnti-Toking baflceplacementyedeessgheivolyme of
revent coke formation from acc | at i inth
Ve BEHRAIR 1A HEC SHPRACR O GSpaP g Cr denrprs Sl Py fiiCoke

| . _ _ T b _
oo Y L0 RABRAP (AP A Chs i Qb AOUER A Biing
urit fuPRdrouadd ymeabksénanet eatetvlg). Vikw)willldlso (ppra@td dike

pressure above the ) _ _
selectivity - resulting in improved process yields (favoring the production of

more valuable products).

[0076] In a preferred embodiment of the present invention, the anti-coking
baffle of the present invention includes holes and/or piping through the anti-
coking baffle for the effective distribution of steam below the baffle apparatus to
a concentric zone around the internal riser, which ideally deploys the
steam/condensate adjacent to the central riser disengagement gap. The purpose
of this design is to prevent coke formation from accumulating in the areas
surrounding the annular gap. The steam is introduced by a plurality of open
steam distribution holes and/or pipes (510) as shown located near the center of
Figure 5 (partially obstructed from view). The operating pressure above the

apparatus is normally higher than below the baffle, which can provide a simple



apparatus is normally higher than bel ow the baffle,

whi ch can provide a sinpleneans of distributing the
wGa@ans1sed t hout the need of introduci ng a conpP@RUS2009/002929

di scharge mani fol d and/or conguit system [0077] As

part of the present invention, the equi pnent

enbodi nents above are utilized in a process for fluid

catal ytically cracking a heavy hydrocarbon feed as

defined above. In this process, the heavy hydrocarbqgn
meanscofi dishuding:the steom veitloout the meed of intreducers » £QBIRIFX

.The heavy. rocarbon.f.eed is injected through one or
dlﬁ}aégq E@élﬁi‘gﬁ%ricﬂ{’%mﬁsygﬁﬁ’r or riser. Wthin this
reactor riser, the heavy hydrocarbon feed is contacted

with a catal ytic cracking catal yst under cracking

[009Tpi t iAEJi?aaithfffthb)bréseﬁuiﬂ\ﬁeﬂﬁohmh&mqlilgpmemtaémbd)diments above
particl es containi ng car bon deﬁ;si ted thereon and a
u

aré otidized dn k ipnocess daubluidcatakyticaliy sraoking p hgavp hudrqcgrron feed
tignal. and wil i cal Ly | "
aselrer At TR i hoesae s ans PPt i s sopgurigd o
o))
B PRI SR L By ARl 00005, 52T Broven

omehfbee febdndd21dsRato a Riaetc raddry Within @oidactf? riser4fie heavy
psia (140-275 kPa); and a catalyst to feed (Wm/w)

hydadéarbon deehisaent&ted wath prathbytabérackingaatadystagler cracking
where the catalyst weight is total wei

cogrditw%ﬂlet;bwéwl@iﬁg IRSPERY %@ygfep%\ﬁ%%t@ﬁwghceafbon

t i f o ] . ..
ot s SR B 00 vons
arb Q:Sfl?érﬂpdn\éi ahl %viﬁﬁgggc%?ﬂ ihERiqd ?{é%gpérﬁt‘ﬁ‘?eé frot'$bout 932°F to

reactron zone is an abou seconds, nore

aH%??G&@*F ¥500°P 09 C) 3pieferabBesBna 97 7aRdo a¥6lt DBILF (525 to
preferably fromabout "2 to 3 seconds. [0078] Catal ysts

54090) ghy drot abonsartigl siess aes fronaabougl (crt $0 psing70-345 kPa),
conprising either a Iarge-fore nol ecul ar sieve or a
preferablyeramh abouk 8840 40msia Gr4fe2pd kPayvindcutatalyst to/teed (Wt/wt)

o oy o 4135. pETEiRY Slics b b BB BH Bl o
whBhPbF A G AN BBLRE WRhnbhaY D iBlkthu o0 with
aver age pore 8| anmeter greater than 0. nm Ich are

thé YeéF it Yhd/FedtibR zeat avé steain may Coatpfisehfooatife Snwt% of
feeds. It is preferred that both the

the feed. Preferably, the FCC feed residence time in the reaction zone is less

than about 5 seconds, more preferably from about 3 to 5 seconds, and even more

preferably from about 2 to 3 seconds.

[0078] Catalysts suitable for use herein are cracking catalysts comprising
either a large-pore molecular sieve or a mixture of at least one large-pore
molecular sieve catalyst and at least one medium-pore molecular sieve catalyst.
Large-pore molecular sieves suitable for use herein can be any molecular sieve
catalyst having an average pore diameter greater than 0.7 nm which are typically
used to catalytically "crack" hydrocarbon feeds. It is preferred that both the

large-pore molecular sieves and the medium-pore molecular sieves used herein



| ar ge- pore nol ecul ar sieves and the nedi um pore

nol ecul ar sieves used herei nbe selected fromthose
worioeasisaz si eves having a crystalline tetrahePtCHEIUS2009/002929

framewor k oxi de conponent. Preferably, the crystalline

tetrahedral franmework oxi de conponent is selected from

the group consisting of zeolites, tectosilicates,

tetrahedral al um nophosphates (ALPGs) and tetrahedral

si | i coal um nophosphates (SAPGCs). Mre preferably, the
becyejented friome tasgmolscurlas glayes b@ﬁ@@rﬁbws&h%iwaﬂlﬁéml

o AR ST BB R b
oxﬁrggg{):@gﬁeﬁt NS ﬁégffhglé@é{; cPHﬁsﬂiﬁ% 0f zPQlies, tectosilicates,

ar sieve cata east ne nmedi um pore

te¥Bh&FHl AUnfih8pKosphltes!(ATTOPOAR] eaahedraht is typically
used to catalyze the breakdown of primary products

silicamumireophaisphates (SAP&s)i Moregqurefarablyi theocrystalline framework
products such as naphtha for fuels,and ol efins f.or .
oxifie RPRPNERICRIRIBIRE Tqrsemre pad GREQRMSPFS] caialysiis'a zeolite. It

sopBLEEubBR B SENRhE G Gl SABRSEL A iR gt eas
ortéNat i-ggx%ggewmwr%iié\}é datA§EeiR] htlegsiimRYmedivepbtondlecular

crac talysts which include |arge-pore zeolites
siewes; theakrgSpors chRagonduds tymioally sedy® grsakyzevhebrdakdown of
sieves that can be enpl oyed in accordance with the
prpnageprodpatsdiomdhe icatal ik crskingnisaction infasledmpradupts such as

napBIRCChapels 250 it B8 ARG P oBER chabazi Lo,

dachiardite, clinoptilolite, faujasite, heul andite,
analcite, levynite, erionite, sodalite, cancrinite,
[0089) el imrgelppzeimidleculacsicees that aretypidallyeysedfihroemmercial
mesolite, nordenite, brewsterite, .and ferrierite. )
FQGprocasstunilg ass alsol switable fopmspdereiny &iGfe ups asedspmynegcially -
are zeolites X, Y,. A, L. ZK-4 K-5, .B, E ,F J,
aceraffy Gppley satiyeatigndl ackinesAguets wieh el argd polt
ze%ﬁ?és' stu]‘éﬁ asiSYorkeYe rA&@it%ﬁLla&@@Pbﬁr O1RAN 4 sieves that can
nol ecular sieves used herein be Sefected froml arge
bep@ihplodedlihtaesordhhiee Mathetherbeynt étvdnaiopeinplude bogh natural and

for use herein are the faujasites, particularly
syntiuitictlerge, paygveokitas. R¥on-lingitisg) exesilesohoaturalilagge-pore
zeg'ﬁl[eescigl: uﬁiesgirrelgl?l?itet,% %bgzri e, %ilajlicltli%%i?e, fcﬁholpjtslﬁ)lﬂg,rf%hjnasite,
heulandite, analcite, levynite, erionite, sodalite, cancrinite, nepheline, lazurite,
scolecite, natrolite, offretite, mesolite, mordenite, brewsterite, and ferrierite.
Non-limiting examples of synthetic large pore zeolites are zeolites X, Y, A, L.
ZK-4,7ZK-5,B,E,F,H,J,M, Q, T, W, Z, alpha and beta, omega, REY and USY
zeolites. It is preferred that the large pore molecular sieves used herein be

selected from large pore zeolites. The more preferred large-pore zeolites for use

herein are the faujasites, particularly zeolite Y, USY, and REY.

[0080] Medium-pore size molecular sieves that are suitable for use herein
include both medium pore zeolites and silicoaluminophosphates (SAPOs).

Medium pore zeolites suitable for use in the practice of the present invention are



i ncl ude both nmedi um pore zeolites and
si |l i coal um nophosphates (SAPGs). Medi um pore zeolites
waiowaplse2 for use in the practice of the presePtT/US2009/002929

i nvention aredescribed in "Agkas of Zeolite Structure

Types", eds. W H Mier and D. H d son,

Butterworth-Hei neman, Third Edition, 1992, which is

hereby i ncorporated by reference. The nedi um pore size
enerally have an average pore di aneter |ess
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indhde W38 ZSMU1 2. Z8M-22NBSMR284 8 SRSB4, ZIW S, i78N4- 3B, ZSM-
Pat. No. 4’, 076, 842; and ZSM35 in US. Pat. No.

4% 7M. 301 5ilioaditereamidi shealita 20 TheSnedypre uddd medisapPote a¢olite

SAPO- 34, SAPQ 41, and_ SAPO 42, which are, described jn
used g thepressgf, inyenten §74S¥m, yihieh asenhethat b5 Bat Nos.
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(ALPO), such as ALPO-1 1 ’described in U'S. Pat. No.
3,948738;, 28M-28iih AhSuratNoi4)0%6,842 pareb ZEMSO)in §isc PatNo.
TASO 45 described in EP-A _No. 229, 295; boron
4,816,245+ &, mgetiengdakpvenS APO)s, pagh anNSAPD-134SAPP-34, SAPO-
titan al pm.nophosphat es (.TARP h 11
415 SAI A TR BRE RO din TS pal NG A0 87T chnhiso be
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e N AnBfing Sl OPRELHR IR HORE pfCoutar sieves that
cafitb@d whed [He €insiré ehzsnbsilieateysgallibar silivatesyniran sidicatest ude

“crystal line adm xtures" which are thought to be the
alumim phosplaies ABPE)y sudigas ALPO-11 described in U.S. Pat. No.

4,310,440; titanium aluminosilicates (TASO), such as TASO-45 described in
EP-A No. 229,295; boron silicates, described in U.S. Pat. No. 4,254,297,
titanium aluminophosphates (TAPO), such as TAPO-11 described in U.S. Pat.
No. 4,500,651; and iron aluminosilicates. All of the above patents are

incorporated herein by reference.

[0081] The medium-pore size zeolites used herein can also include
"crystalline admixtures" which are thought to be the result of faults occurring
within the crystal or crystalline area during the synthesis of the zeolites.
Examples of crystalline admixtures of ZSM-5 and ZSM-11 are disclosed in U.S.
Pat. No. 4,229,424 which is incorporated herein by reference. The crystalline

admixtures are themselves medium-pore size zeolites and are not to be confused



within the crystal or crystalline area during the

synthesis of the zeolites. Exanples of crystalline
wa@ewpsasisees of ZSM5 and ZSM1 1 are di scl osedP@TUE2080/002929

Pat. No. 4,229,424 which is_ggcorporated herein by

reference. The crystalline adm xtures are thensel ves

medi um pore size zeolites and are not to be

confusedw th physical adm xtures of zeolites in which

distinct crystals of crystallites of different
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I norgani ¢ OXI ri'X conmponent that binds the

catal yst conponents together so that the catal yst

product is hard enough to survive inter-particle and
[0082kt or Thealarge-pbté sndmeditineporeeatpdysts ob shelpresentrinxention

can be @Bl?e from.an inorgani c oxide sol or gel i{’\lni ch
wilktygically heopregenfdn angorgani¢ pxt ec‘BﬁSBh%?ﬂ‘EOS%té Alchinds the
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beahadé firminm aminonghuitr exide esl oiggell whichds dhiedhai"ghie” the catalyst
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compangntsiwgethesl Rieferablyq the inarganic oxide matrax willhe gamprised
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o-ahiringg Bsalbmipd,@salnimina, d-abimmae ealumind, a-alumicaf aid/pt
particles, in the aforesaid inorganic oxide matriX.

alpmgsetancke amploysnde Frefsrahdy, thealumimasneciay 16 AntalemiuyDy
YRS Do SR b PR LA S B
AGRAFHR, A SRR GGk MRS i yihn
scepeof tiigimlensionthat thelleeapcrecandlyists addmedium-pore catalysts
be present in the same or different catalyst particles, in the aforesaid inorganic

oxide matrix.

[0083] As mentioned above, the contacting of the heavy hydrocarbon feed
with the cracking catalyst results in spent catalyst particles containing carbon
deposited thereon and a lower boiling product stream. The majority of, and
preferably substantially all of, the spent catalyst particles are conducted to a
stripping zone in the FCC reactor. The stripping zone will typically contain a
dense bed (or "dense phase") of catalyst particles where stripping of volatiles
takes place by use of a stripping agent such as steam. There will also be space
‘above the stripping zone wherein the catalyst density is substantially lower and

which space can be referred to as a "dilute phase".



stripping zone in the FCC reactor. The stripping zone

wll typically contain a dense bed (or "dense phase")
wW@Roogasksky st particles where stripping of vol aR@T/€82009/002929

takes place by use of a stri.pgi.ng agent such as steam

There will al so be space above the stripping zone

wherein the catal yst density is substantially | ower

and which space can be referred to as a "dilute

phase".[0084] The majority of, and preferably

substantially all of, the stripped catal yst particles
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pastichgb im Heopresgndecef an okegaraccrtyising gas prefepahlstain thus
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hydrocarbon feed with the cracking catalyst also

substantihBy iall of, tHeChdstaegémoratedaraainst partidles tars thiemarecy ¢led to the
referred enbodi ments of the present invention, at
FC@asactipmome whersf thejigontact injaeted (v deebad product
streamis further separated into a | east a naphtha
streamand a distillate streamfor use in producing
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crigkihgleamlas alioidsingin AFAT eeRMdr dvirhedd produet stryamayin
Exanpl e [0087] In this Exanple, extensive cold flow

prefestadrgmnbédintents of thenpresentdnvyention ad ledst a poriden af theddeC
erformed. ., This testing conﬁi sted of .runni

relciar pkeaas PR SRR HOHEher SPaRRlEd iR [57stch naphtha stream
erel. [ S]Qﬂ,Qi' LS Lt between
ant\ﬁﬂaeﬁfslhggfrehsgrne%hf Ee pri lﬁg)rréagcgﬂg Elld[ugd hgkﬁ& an‘géf't% erred
enbodi ment of the present invention configurations at
scal ed sizes and operating conditions
[0086] The following example is presented for illustrative purposes only and

is not to be taken as limiting the present invention in any way.

Example

[0087] In this Example, extensive cold flow testing of the current invention
and the prior art was performed. This testing consisted of running see-through
plexiglass models of both the prior art, wherein the disengaging zone is in the
conduit between the riser and the primary conduits, and a preferred embodiment
of the present invention configurations at scaled sizes and operating conditions
using air in place of hydrocarbons and steam. Gas escaping through the vents
was measured with hélium tracers and probes. Catalyst escaping through the

vent was collected and weighed. A diagram of the setup of the cold flow test



using air in place of hydrocarbons and steam Gas
escapi ng through the vents was neasured with helium

wao e@erss2and probes. Catal yst escapi ng t hr oughP@eS20691002929
was col |l ected and wei ghed. AszgiLagram of the setup of
the cold flow testfacility of the prior art design is
shown in Figure 6A, while a picture of this cold flow
test facility that was utilized is shown in Figure 6B.

A diagram of the setup of the cold flowtest facility
fa@tﬂltsaogﬂ@r prioart depigniisrshewan FhgussGhanhile aurere ﬁfﬂ{as cold
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ests, esi g resent 1 nvention was
is showaieFigwret e, while agiictueevetids abldoflowrtestrfacidity that was
illustrated in Figure 1 herein, not the Krambeck/ Kam
uttlized gnishowis in fégueeaitbeck/ Kam desi gns, for reasons as
di scussed in the Background as well as the Details of
the I nvention sections herein, are not commercially

Orry, Vi il I
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severely msaligned positions and it was di scovered

intRigtret lhberein, mot thé Kvambeok/Kane desigps, asttbe fanmbicskdian
of the prior art, Kranbeck/ K esi gns when th el
deiems EngPasns s slisgussedhin m@af%gcgr? S W&Qi asithp Details of the
These experi t.s 1.ndj any £ - fecr L0
Ikt SRS PR, AR i S Blp B e RE JBRRVE i
shBBREAIS6 BB Hoted B ikt Gl A iéstslaesceived ih thisdainyle, the
| osses for the present invention, as conpared to the
new desigaof titesugentiheerstion was telitsd imsayiengyzniseligsed positions

t he conduit between the riser and the prinmary ..
angohwiap tdgscovnréedc@ﬁbamum@tdaY@tfqrbwqrﬁ@mﬁggiesdﬁ?fhclm@s of
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Invéntion relative to the prior art. [0089] The cold

hyldrevirbes Iesswas indieattd biyeelfum ttaber measurearentgandtasgnificant
present invention configurations. This not onldy .
desrdasovitl cataly st hessas forsthe prosent invensioppas compared to the prior art

design wherein the disengaging zone is in the conduit between the riser and the
primary conduits. The comparative data from the tests in this Example as shown
in Figures 8A, 8B, 9A, 9B, 10A, and 10B illustrate the significant and surprising
improvements in the process results of the présent invention relative to the prior

art.

[0089] The cold flow tests were performed for the prior art and the present
invention configurations. This not only allowed the inventors to visualize the
and measure the losses under actual conditions, but also allowed the inventors to
run the present invention design under "misaligned" conditions to test that the
present problem truly rectified the misalignment problems associated with the

prior art Krambeck and Kam designs. The general schematic configuration for



and neasure the | osses under actual conditions, but
al so allowed the inventors to run the present
wo pwensisen desi gn under "m sal i gned” conditi onBCT/US108%002929
that the present problemtrul3y-rectified the
m sal i gnment probl ens associated with the prior art
Kranbeck and Kam desi gns. The general schenmatic
configuration forthe cold flow testing of the prior
art is shown in Figure 6A, while the actual cqlﬂlflow
thgicold flew tepling of the brier 2 is shpwnin Sigure 6éhahils theactual cold
hot ogx a in Figure 6B. The. general scg¢ [.G. ;.
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insE@teN isshawahin Bigiad 6 A, wiilgtheeachiil colDflo}v Uiie of ahd
flow testing apparatus for a scal ed version of the

embodiment of tampregentanventior isshomwn i aphatagsaph in Figure 6B.
Fi gure 6A. The apparatus consisted of a riser (610)
whi ch was connected to primary cycl one intake (615) by

[OQ?GLS eNgRIL SR ﬁ&;&%es{tﬁé?%m?%?@@ SoPh isea{l{:&%asi?ﬁ %g rt}he prior art

sengagli ng zone was encapsul ate

coMfiguirgtién R sove seniiicallpdn Faame. 6 AaThe)dppardas consisted of a
flurdized with air (630) and entered the riser (610).

riser [{610)uwhichawes c¢mssfedwnsprimjaey cpdonatintake €6 13)de aand
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aif 630 -antttintéteache ﬁs@ﬁ{@l 0) VA hel@h trdder (635)00hslidjé@¥d into the
testing. Catalyst lost fromthe di sengagi ng zone was

risenlahd ¢che dnfountrof helimnetxagpr ¥63s monitomedr(©40) mspde the(gegiglass
and quantifjed. [0091] In a simlar arrangerrent ,. the
hausing o gyentidk deakges fpam dhe dissngagingznoag (0£0)i Brripg the test,

i [Tt RS jB e PlexidlEsTHEAZ ndalt R R alir fRlth
acfed VB vEMSEK" (rf #R) col i WERinES r@ﬁﬁh?ﬂlds@ﬁ%@ th@@i@.gngaging

riser (715)” by a di sengagi ng zone configuration (720)

zobk wiecqlteesahfronnthenplexiglasieactissengmgporg (630)endagquantified.
entirely encapsulated in an airtight plexiglass
housi ng (725). Catalyst was fluidized with air (730)

mﬁﬁﬁei? t ref %ﬁ‘q‘?@a%eg%m Zl%,ot}l'e c'(/_}l(P Flloivvutrg;sttirrléjl %S}r)ar(aaf’ssgf a'§taled
version of a preferred embodiment of the present invention is shown
schematically in Figure 7A. The apparatus consisted of a lower riser (710)
which was connected to the upper riser (715) by a disengaging zone
configuration (720) of the present invention. The disengaging zone was entirely
encapsulated in an airtight plexiglass housing (725). Catalyst was fluidized with
air (730) and entered the riser (710). A helium tracer (735) was injected into the
lower riser and the amount of helium tracer was monitored (740) inside the
plexiglass housing to quantify leakage from the disengaging zone (720). During

the test, air (745) was pumped into the plexiglass area at measured flow rates,

which acted as a "vent gas" in the cold flow testing. Catalyst lost from the



| ower riser and the anount of heliumtracer was

nmoni tored (740) inside the plexiglass housing to
w@Qomtsfsy2 | eakage fromthe di sengagi ng zone ( 7200/US2009/002929

During the test, air (745) wgg_punped into the

pl exi gl ass area at neasured flow rates, which acted as

a "vent gas" in the cold flow testing. Catal yst |ost

from t hedi sengagi ng zone was collected fromthe

pl exi gl ass encl osure via port (750) and quantifi ed.
dijapegingroonecwhsi collented fiomn theeplexiglasranciesuae vimpob (750) and

bot? the prior art and present invention sinulations,
quepbifiedser was 8 inches dianeter. For both sinul ations,
the riser termnated in a 90 degree el bow at the top
with the location of the vent being the key difference

[0092)\eeFdild WO eRpérireatal 0BAfigsrations of beth elepttor drband
the cold flow experinments, several key paraneters were

presenit éalvendionesimadationgptheatiserovasel tichies dpameter n§or both
.condjtions. Catal yst fl uxe re varied from 50:10 .
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reflpgrety pidas eommaroial epersingt dondstaons. ASatahyst flowes wers garied
di aneter at .8 inches, and the gap in the riser vent
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digmeterfofikd slevef riser velocities. First, it can be
seen in Figure 8A, that in the present invention

"al i gned
[0093] Figures 8A and 8B show the results of testing of both the prior art and

the present invention under "aligned" conditions as well as the present invention
under "misaligned"” conditions at different riser velocities. Figure 8A shows the
amount of Solids Leakage (catalyst) from the disengaging zones as a function of
riser velocities, while Figure 8B shows the amount of Gas Leakage
“(hydrocarbons) from the disengaging zones as a function of riser velocities.
First, it can be seen in Figure 8A, that in the present invention "aligned
configuration” the Solids Leakage was reduced by about 5 orders of magnitude,
or a staggering >99.999% (graphs on exponential scales). Even more
unexpectedly, the present invention showed almost no difference in catalyst
losses between the aligned and misaligned cases. Not quite as startling, but very

significant, as shown in Figure 8B, the Gas Leakage rates for the aligned case of



configuration” the Solids Leakage was reduced by about
5 orders of magnitude, or a staggering >99.999%
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unexpectedly, the present ingention showed al nost no
difference in catalyst | osses between the aligned and
m sal i gned cases. Not quite as startling, but very
significant, as shown in Figure 8B, the Gas Leakage
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of both the prior art and the present invention under
"aligned conditions as well as the present invention
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I nvention under "aligned" conditions as well

sippilasend vastiyeihprvedriddioth cosditiopsedér thenstidn arns at
different vent velocities. In Figure 10A the anount of
Sol i ds Leakage (cat al yst) fromthe di sengagi ng zones

[0p§§ﬁ \Aﬁlﬁal'sasfgl ﬁfgllilpe%t Re coFc{1 hogveex%%rltrrlleen%s o%xample 2 are
shown in Figures 10A and 10B herein. Figures 10A and 10B show the results of
testing of both the prior art and the present invention under "aligned" conditions
as well as the present invention under "misaligned" conditions at different vent
velocities. In Figure 10A the amount of Solids Leakage (catalyst) from the
disengaging zones is shown as a function of vent velocities, while in Figure 10B
the amount of Gas Leakage (hydrocarbons) from the disengaging zones is shown
as a function of riser flux rates. The "vent velocities" (or "vent gas velocities")
are the velocities of the "vent gas" that is the gas moving from the area
surrounding the disengaging zone, as calculated at the velocities as it moves
through the disengaging zone and into the primary cyclone conduit (as in prior

art) or into the riser (as in the present invention). The vent velocity is measured



the anmount of Gas Leakage (hydrocarbons) fromthe

di sengagi ng zones is shown as a function of riser flux
WO 21008515The "vent velocities" (or "vent gas  PCT/US2009/002929

velocities") are the velocitiggs of the "vent gas" that

is the gas noving fromthe area surrounding the

di sengagi ng zone, as calculated at the velocities as

it noves through the disengaging zone and into the

primary cyclone conduit (as in_prior art) or into the
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area of the annular gap area, as shown as area (301)

in Figure 3A. [0096] Again, Figures 10A and 10B show
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rates in Figure 10B. "Al so what was unexpectedly
Thikrs apy elsedigrs fichatt ingirovementyashowval bcthei@as heakmgeabtesan
about 10 ft/sec, the | eakage rates were significantly
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abodkedouf 097 iecThRlsoeasibas bekedhfoen Biguees h@Atand 10B, higher
indicated that the current inveniion reduced catal yst

riges Shexsrabs; espedighy abevabewtstthib/Hssdedimineprovedirpductions in
iof.,art. Th xperinments al so indicated that the
bcﬁbéPBQ%%@)ﬁa? gesaggge I3tES-significantly lower in the
present invention than in the prior art configuration.
Addi tional kinetic nodeling work indicates these

[009F)! t i THe Fevohis ofYidseaaierimdnts irlicdted tieat ele bugbnt ipaention
selectivity which is an inportant econom c aspect of

rethced ¢atakyst losaes by a SigniKcanttamowntds domgpared ko theopider ag. The

this resuljting |lo hydr.ocar bo . .
experiments also 1nglcate that the hy focarbon losses are significantly lower in

the present invention than in the prior art configuration. Additional kinetic
modeling work indicates these resulting lower hydrocarbon losses improves light

gas selectivity which is an important economic aspect of this invention.

[0098] Kinetic modeling work indicates this resulting lower hydrocarbon
loss improves light gas selectivity (due to less thermal cracking in the dilute
phase of the reactor) which is an important economic aspect of this invention.
Based on these kinetic models, a 10% reduction in hydrocarbon leakage to the
dilute phase leads to 1-3 vol% reduction in C,._ yield. Under typical operating
constraints, this would allow an FCC unit to increase gasoline yield by about 1%

with a resulting decrease in bottoms yield of about 1% at constant feed rate. For



| oss inproves light gas selectivity (due to | ess
thermal cracking in the dilute phase of the reactor)
wanioehsise2 an i nportant econom ¢ aspect of thi SPCT/US2009/002929
i nvention. Based on these kiggtic nodels, a 10%
reduction in hydrocarbon | eakage to the dilute phase
| eads to 1-3 vol % reduction in C2- yield. Under
typi cal operating constraints, this would allow an FCC
unit to increase gasoline yield.b about,lpq%%&ﬂ a
typisglipeonanigeseenaes 1Ihth8d1thrpi1@q¥leﬁvaf, this st dgad to
.canstant feed rat Fortypi cal econom c scenarios in
S‘%‘i‘@ﬁ’é‘t?“'&“&&?ﬁ"i"ﬁ%‘ﬁ&%ry, this shift will lead to
significant economc credits.CLAIMS: 1. Afluid
catal ytic cracking reactor vessel, conprising: a) a
| ower internal reactor riser, wherein a portion of the
| ower internal reactor riser is located within the
fluid catalytic cracking reactor vessel, and wherein
the I ower end of the lower internal reactor riser is
attached to the shell of the fluid catalytic cracking
react or vessel; and b) an upper internal reactor riser
| ocated within the fluid catal ytic cracking reactor
vessel, wherein the | ower end of the upper interna
reactor riser termnates in a conical section which is
connected to a cylindrical sleeve;, wherein the upper
section of the upper internal reactor riser is not in
fluid connection with the dilute phase section of the
reactor vessel, and at least two riser outlet ports
are mechanically connected to the upper section of the
upper internal reactor riser; wherein the upper end of
the lower internal reactor riser is in fluid
connection with the upper internal reactor riser and
the dilute phase section of the reactor vessel; the
| ower internal reactor riser is not mechanically
connected to the upper internal reactor riser; the
| argest dianeter of the conical section of the upper
internal reactor riser is larger than the dianeter of
the upper end of the lower internal reactor riser; the
cylindrical sleeve of the upper internal reactor riser
has a dianeter |arger than the dianeter of the upper
end of the | ower



internal reactor riser; at |east a portion of the
cylindrical sleeve of the upper internal reactor riser
woey@piisgss2 Wi th at | east a portion of the upperP@nuSmwh9/002929
the lower internal reactor rigger; and there is no
mechani cal neans | ocated in the region of the
over | apping portion of the cylindrical sleeve of the
upper internal reactor riser and the upper end of the
| ower internal reactor riser for restricting the
CeABMRtricity between the cylindrical sleeve and the
upper end of the lower internal reactor riser.2. The
fluid catalytic cracking reactor vessel of Claim1,
wher gi n A BRid Icﬁ@nytw&ﬂaekir@oxrebétoawes@;i,cdbrﬂmgngal ly
connected by a first conduit to a primary nechanica
cy cl @reelowdrehtepnaltreadtior nispr, iwleerginne poritincef theylowenentemal
desi gned. for centrifugal]y separating catalyst
regelor fiseieis lppaigd wlmlaége lind gatabytic cragkingHerEoR vesiel.eand

Wb T usOBRR 938, A b FRdeoRP BBt Pl 1 e shen
ofAABFHIid Safd ié&%gﬁféiggaﬁgt Rebal &/ cyclone inlet port

on the second en irst conduits. 3. The fluid

cat ab)ydn eppurdaterng reactor eisev Reatdd withid therfiuld catedytic n

at | east one primary nechani cal cyclone has a vapor .
crackingtreanior vessel whereinhihgilowker gnd of thecuprerinteanalgeaeter riser

AT RS ARG RF A aSE SR B
wﬁ ol {hfeq.gjyelr ¥e§§&?5?fﬂe&ﬂ)\/€;&?qﬁﬂ | rP&he AL&Sis MoP M fluid
y e

rocar n vapors, an rein there are no openi ngs

conhethién Hagome diRnephhsecseetioh dfahe rdutdr va¥BEly and at least two
mechani cal cyclone outlet port on the first end of the

risse outldt portsiaret maokbiartibally ecometded, tavée hippiet a¢ctoycobihe upper
.inlet port on the second end of the second conduit. 4.
intespalieastar EseL| yti ¢ cracking reactor vessel of any of

t he ' i, h el - -

e PSSP S g IEISAE: MRSt S s
cotiBElion Wigr theluppRaéitenal réftoffiseridhd tHe Relutephlase§settien of

| ower internal ‘reactor riser is from6 to 36 inches
theimeactotecskelyithie bawerl intdrnakreactor mger sawitonechagielly eoringcted

tEe operating (hot) condjtion. ) ) )
to the upper internal reactor riser; the largest diameter of the conical section of
the upper internal reactor riser is larger than the diameter of the upper end of the
lower internal reactor riser; the cylindrical sleeve of the upper internal reactor
riser has a diameter larger than the diameter of the upper end of the lower
internal reactor riser; at least a portion of the cylindrical sleeve of the upper
internal reactor riser overlaps with at least a portion of the upper end of the
lower internal reactor riser; and there is no mechanical means located in the
region of the overlapping portion of the cylindrical sleeve of the upper internal
reactor riser and the upper end of the lower internal reactor riser for restricting

the eccentricity between the cylindrical sleeve and the upper end of the lower

internal reactor riser.



5. The fluid catalytic cracking reactor vessel of any

of the preceding clains, wherein the acute angle
wheimesrs2t he coni cal section of the upper inteP@EIUS2009/002929

reactor riser and the axis afgzt.the upper interna

reactor riser is from5 to 25. 6. The fluid catalytic

cracking reactor vessel of any of the preceding

clainms, wherein a transition length as neasured from

the top of the |lower internal reactor riser to

bot tdm ofhe Aeidcentalytic os@@tlngmeacéonfmﬁeleo% agg 1, ‘Wherein the

e R e
mga{a‘ﬁll%’él cgcfc{n%%le@% Wﬁfc‘i’nrqrx é’e{ne%alﬁ@m %’cléﬁ@ls designed for

IS an ann

cdﬂﬁﬁﬂfgﬁﬂytsb?aﬂaﬁwgrcatd]yﬁfpﬁmlcllé@?Fﬂirﬂihyﬂtcﬁ&rb(ﬂﬂdaﬁdre and wherein
cylindrical sleeve of the upper internal reactor riser

therfe dre e dpenangs intbhdirst Gondiiits exicapidfos dhearigen euthat poKs wgthe
reac

figh 4 PSRt SBSYEA e PN B AP Riga L Mgt et Port on
thgg&on J‘gfﬁl%fﬁﬂs?cgﬁcﬂhfs whi ch substantial l'y

es an upper sectron of the fluid catalytic
crackl ng reactor vessel froma | ower section of the
fluid catal ytic cracking reactor vessel, wherein the
ant i3.cokiregflbid ddtalyiis cradking dedatort vessél off Q@lagmt2;Iwhérein at
cracki ng reactor vessel at an el evati o bel o

1%?ﬁ%rﬁ¥“ﬁ@%@ﬁ%§l‘°@fé1¢8?@ has %vaquut Rertay xcﬁdémhwgca“y

B e R
wtﬁﬁhls%g@ﬁdaﬁ‘g %é&ﬁﬁm’é?cl‘b‘ﬁ%'l@ 6831 AEd PorCmRi fiddal 19" S eparating

ere d wherein the anti-c klng baffl e plate is

catalgst paptioley érom hydrotarben vhporispamed ndlereinltherefare ne openings in
reactor vessel. 9. The fluid catalytic cr ackldag
the sgeanst cwbg@xqwt f@rathmpslmmeméehﬁmwé %{ﬁ%qm lekgort on the

S el P Piiseond sRaFH w3 dnC ehullar, Rdshn LRI ke inlet por
orf {HeQBnd A BFthe GhAGMAALI © plate whereln the vapor

trans es an r open pilpes are |ocated

substanti aI |y adj acent to the upper internal reactor
riser. 10. The fluid catalytic cracking reactor vessel
of ahy ofha feidwatelytic sgacking reactor vessel of any of the preceding -

claims, wherein the length of the overlapping portion of the cylindrical sleeve of
the upper internal reactor riser and the upper end of the lower internal reactor
riser is from 6 to 36 inches when the fluid catalytic cracking reactor vessel is in

the operating (hot) condition.

5.  The fluid catalytic cracking reactor vessel of any of the preceding
claims, wherein the acute angle between the conical section of the upper internal

reactor riser and the axis of the upper internal reactor riser is from 5° to 25°.

6. The fluid catalytic cracking reactor vessel of any of the preceding
claims, wherein a transition length as measured from the top of the lower

internal reactor riser to the bottom of the conical section is from 6 to 36 inches



claims, wherein the Eccentricity between the

cylindrical sleeve of the upper internal reactor riser
wa@eaotikis2zpper end of the | ower internal reactPCT/DEXE9/002929

is greater than 10%in the hgf_-position.11. The fluid

catal ytic cracking reactor vessel of any of the

precedi ng clainms, wherein the Eccentricity between the

cylindrical sleeve of the upper internal reactor riser

and the upper end of .the |ower interngl reactor riser
when thedluidcatalyfic stagking rasstaroresprlds in Hie oporating hat) i ¢

catal ytic cracking reactor vessel of any of the
COBaEEEﬁing clains, wherein at least a portion of the

i nner dianeter of the upper internal reactor riser

above the conical section is greater than at |east a

por t7.0on Tie fllid dataigtic iavkingreaetort vegs¢lafeanyi off the patceding

reactor riser. 13. A fluid catalytic cracking process .
claims, whenejinttherefis @ncanputar gapi hetwear aalpwerdatespalreagter riser

f . any_ .of .t he preceding cl ai erein.the QCEeSS , -
angytb SYiBilifa LG o1 thE SebrhirtEmab iy tonFined SEREEN 11 gyinches.

t hrough one or nore feed nozzles connected to an

external fluid cracking reactor riser section wherein

t he @xt erheafluid! datalytie aedckinge feredrovesselssrangesti tho préceding
in fluid connection with the | ower internal reactor

claiimssg furtheratomoptising desubstantially herigootal ky displaced articeling
react or vessel: b).contacting the heavy hydrocarpo .
bafe glade oviigh RukstRRGA %f‘éfae%aé?%wymw%ﬂ@%@!ﬁﬁ? id catalytic

fluid ' r t [.ser:: &) '
crpib sFAEE e ARG F Tk SRS righ o RS BUlP by polfing
rehdibi dbsef veidrainyge dnfiesldhg bashlé avlkaledtiath@fluidsstabytic
riser; d) passing at |east a portion of the heavy
crikdng ceadbomy ésselcatamoele vatidrobelbmuthei prédagamachanicalrgyelone
the | ower internal azfﬁac;t or gi ser er. i nternal

to the u
inleg petto the aneokingdalile ppmechanicglly Spnseied e the, yprex ipternal
cracked product ream a
ref OB RGBSR A ARG 2B 0! She Skiiftly
cyclone, or a combination thereof; and wherein the anti-coking baffle plate is

free to move relative to the internal wall of the reactor vessel.

9.  The fluid catalytic cracking reactor vessel of Claim 8, wherein the
anti-coking baffle plate is comprised of a plurality of vapor transfer holes and/or
open pipes, which penetrate through the anti-coking baffle plate wherein the
vapor transfer holes and/or open pipes are located substantially adjacent to the

upper internal reactor riser.

10. The fluid catalytic cracking reactor vessel of any of the preceding
claims, wherein the Eccentricity between the cylindrical sleeve of the upper
internal reactor riser and the upper end of the lower internal reactor riser is

greater than 10% in the hot position.



wherein at |east a portion of the heavy hydrocarbon
feed is catalytically cracked into | ower nol ecul ar
wawioghsisk/dr ocar bon conmpounds whi ch are retri er€dUsS®09/002929
the fluid catalytically craclyed product stream 14. The
fluid catalytic cracking process of Caim13, further
conprising: - flow ng a hydrocarbon-containing vapor
froma dilute phase section of the fluid catalytic
cracki ng reactor vessel into the upper intern

r eactlor Thes@uid catalytir sradkdng yencterarassel- %foqnya@ﬁﬁ!hﬁg»receding
CIf o HEFSRdBe S o PeLS b ee dhe Tl Teser &8 the pber
in{%ﬁal%?@tﬁr ki@{:ﬁﬁeﬂlﬁghg: %&' Und'dfIRE 1GREL intmal Rk tiseP &

velocity o bon-cont al ni ng vapor through

grefer eanUEeY iflake hét positiod0 ft/sec to 30 fit/sec. 15.
The fluid catalytic cracking process of any of C ains

13-14, wherein the total residence tine of the heavy
hydr gcarhon_ feed and the hot fluidized catal .
m i o THE BME @G sracis sectorovdRe Gicirdt oF theinsereding
- . i Nt I | :
b LT RSG5y AR MR cr e
reactor riser above the conical section is greater than at least a portion of the

inner diameter of the lower internal reactor riser.

13. A fluid catalytic cracking process utilizing the fluid catalytic
cracking reactor vessel of any of the preceding claims, wherein the process steps
comprise:

a) injecting a heavy hydrocarbon feed through one or more feed nozzles
connected to an external fluid cracking reactor riser section wherein the external
fluid cracking reactor riser section is in fluid connection with the lower internal
reactor riser located inside of the fluid catalytic cracking reactor vessel;

b) contacting the heavy hydrocarbon feed with a hot fluidized catalyst in
the external fluid cracking reactor riser;

c) passing at least a portion of the heavy hydrocarbon feed and the hot
fluidized catalyst through the lower internal reactor riser;

d) passing at least a portion of the heavy hydrocarbon feed and the hot
fluidized catalyst from the lower internal reactor riser to the upper internal
reactor riser; and

e) retrieving a fluid catalytically cracked product stream and a spent
catalyst stream from the fluid catalytic cracking reactor vessel;

wherein at least a portion of the heavy hydrocarbon feed is catalytically
cracked into lower molecular weight hydrocarbon compounds which are

retrieved as the fluid catalytically cracked product stream.
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14. The fluid catalytic cracking process of Claim 13, further comprising:

- flowing a hydrocarbon-containing vapor from a dilute phase section of
the fluid catalytic cracking reactor vessel into the upper internal reactor riser,
wherein the hydrocarbon-containing vapor passes through an annular gap
between the lower internal reactor riser and the cylindrical sleeve of the upper
internal reactor riser section, wherein the velocity of the hydrocarbon-containing

vapor through the annular gap is from 10 ft/sec to 30 ft/sec.

15. The fluid catalytic cracking process of any of Claims 13-14, wherein
the total residence time of the heavy hydrocarbon feed and the hot fluidized
catalyst mixture in the external fluid cracking reactor riser, the lower internal

reactor riser and the upper internal reactor riser is less than 5 seconds.



