THE | NVENTI Gbkdbtre i nvention relates to cracki ng process for

hi gh ol efins production) using a conbi | risers and a cracking
catal yst containing both | arge and nedi um pore zeolites. Mre particularly,
the inventionwoabadses to a fluid cat cracking process usingcgusssersng
catal yst having faujasite and ZSM5 conponents, to produce reaction
products conprising light olefins and naphtha in a first riser. At |least a
portion of the naphtha is recovered and passed into a second riser, in
which it is catRWID CAT CRAGCKKEG WITH BIOHODEFENS PRODUCTIONs. BACKGROUND
OF TAE | NVENTI ON The denmand for |ight olefins, such as propyl ene and

butyl enes, and particularly propylene) is increasing faster than present

pl ant capacig NeKGROUND SRVIHS vrghe is fromfluid cat cracking
(FCO) procemm%l ara C?‘Ju £ BisCLOR establ i shed and w dely used
process in the petroleumrefusing industry, primarily for converting

petrol eum oi rel ative i boiling point, to nore val uabl e | ower

boi ling pr om ql'mi&a%mg&i ne and mddle distillates such as
kerosene, jet fuel and heating oil. In an FCC process, a preheated feed is
brought into confact with a hot cracking catalyst, jch js in the form of
a f1uidized, fgnﬁbmqunqehteat?éﬁfﬂf%%%ﬁiasmcew%ghpﬁp_ a riser.
Cracki ng re%&d&ﬁﬁmﬁfsﬁlg%ohﬁﬁ@ﬁ)bnfo?%al"i‘ﬁgrstaﬂh% cl cRing cééalyd dontdinigg Lo five

seconds. The heavy feed is cracked to | ower boiling conmponents, I ncluding

fuel s, |i ghtboth largerand madinm pres. zeqlites.cMose particwarky; Resdinyanggn eelatessi ch are not

vol atile at .t J [ fd J V.S s - riser
exits i nto & QBEEIARER fiSth SyREE sl RE bl AR 2503, 1 2

separ at ed f rcompbtients; @b piddhe: readtivhi ppoduotdRBipiisib lighidldfisHiddmagitha 1 1 APR
2D03 WO 00/ 40672 PCTI US99/ 28713, -2 products.and strjpped with steam The
stream stri P& 35¥FFt Sk ”(IF?SﬁﬁgﬁTt’é’“r?gﬁth I‘%‘é’c%‘f%"‘ftﬁg Passed iB8 catal yst is
passed i Nt 0 s@cdnAIRBE iPtvRlchiifls WatakAicalRForadied t@Pbdadmbre TiRhibIBfns. _

hydr ocar bonaceous naterial are bdrned off with air, or a mxture of air and
oxygen, to forma regenerated catal yst. This regeneration heats the

catal yst fogieRcREDND OF PAEIMANENTIENt he hot, regenerated catalyst is
returned to (48 . process is continuous. Thus, a
typical FCC cracking unit includes (i) a riser (ii) a separation- stripping

| d (i b | s & uhi . ‘ ; |
s6 a5 to have tdns RERERR hERALHE Reh e PRy BT ot DUl e 02 Tecd i
associ at i on patticlaflypréysyllenesis idradsingfaster thappregent planetapacity. oA siajgl e cat al yst

regeneration vessel. Feeds commonly used with FCC processes are gas oils
whi ch are hisewcse(f ProRylens, s frome Quig f3f crsrliag Q‘F@C) Riesasfs: ?fw‘gpgm run

(at mospher i Glacifig i9hh estiASHAH AR Oy use APdcER i the GRAvIRMM Tefidipi cal FCC
cracki ng catal ysts are _based on zeolites, especially the |arge pore

synt heti c f andusty primarily £or capverting petealeyrn gilgofirelatively dighrbailingpainty t om t he

cracking re ' ' L0 . : i talyst. U5
patent 3,92 ‘?y?gpﬁﬁlé%ql%?gs&g%‘i%b??%’@@%?%ﬁ%‘?éﬁ%@%@?ght ol efin
producti on. distitlates euches kerosene f$ fisel andihdating otdatmby ECCqooess, i ng f auj asite

d ZSM5 zeolit ts,. a first rj for, . i ng_the.FCC feed and
Cecond 11 sePPitshed SRS PgURBPIO RO DR B 801 rSTHiES At YREEH G, acki gt he

the form of a fluidized, fine powder, in a reaction zone which comprises a riser.
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Cracking reactions are extremely fast and take place within three to five seconds.
The heavy feed is cracked to lower boiling components, including fuels, light
olefins, and coke. The coke and cracked products which are not volatile at the
cracking conditions, deposit on the catalyst. The riser exits into a separator-

stripper vessel, in which the coked catalyst is separated from the volatile reaction
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naphtha in the second riser produces nore ol efins and inproves the naphtha
octane. In all the enbodi ments, the second riser is associated with
'separate or outboard vessel, and not with the separ ati on-stri ppi n \/@3378?3
used with the first riser. Wile it is possible to build a new FCC unit
with additional risers and vessels for increased |ight ol efins production,
it is extrenewypopmgt) Y to add additional vessels to an exi $icrRgedfggsunit.
Therefore, it would be beneficial to be able to increase the |ight olefins
yield froman existing FCC unit, w thow- having to add additional vessels
to the unit. SUBSTI TUTE SHEET (RULE 26) .11 APR 2003 WD 00/ 40672

PCT/ US99I 28 lates to a
fluid cat c a |ng E’Eg@ pr‘r(x)t?e:s-sgfaw ng |ncr -agtsbgfﬂhggﬁ@ %@Pgéﬁof i ght
ol ef i n i ncl wolatidespnd phd strippedcaiatygt mtpaksedsntota\mgmcmmrw Wbeﬂhthgcoket o a single

separation-stri .esSse a cracking,catal ys Qmpri.sing both |arge
and medi um (38 é‘gy%@aﬁ’émgg}%eﬁr QPAgeQY S HAteIXa AfFofHE ctotf' n@ geed i's

cat al yti cal Inyixfir@6RKafaddoxypetl 46 Corth £Fepehcrited vatalgh. Ws%@ﬁsaﬁ%ﬂpht ha and
propylene in a first riser, with recovery and recycle of_ at |east a portion

of the naphtiats destalyst forhe erackingireactionsaad e hatgegencraedgRAystiy | < _
catal yti cal 'r¥mﬁ{e§?§<ﬁfé st & Mo%%ﬁ{e STﬁé’g%%é L GnBidebs! afal yi ene. Wile
t he napht ha crac assed T Nto The s riser nay conprrse the entire
Cs- 430F boi I[RGG)crackihg hmt fmhtdes)(]) ansért(&) psapatation- sifippihg vesselemdi(i),a it has

been found that p ht ol efi a roduced per
unit of ther?ﬁﬂﬁr{;ﬁgn ?f?sé@ §Pg‘cf 8? h’["gnfeﬁ% sgg&@ﬁ& F%gg by usi ng
the |ight ermc&ﬁonﬁoxﬁ:@@&&at@ﬁidaﬂﬁcraﬁﬂhglﬂxémmiﬁdﬁ&iehﬁmhﬂmﬂh@ range of
60-'300F (15-149C). Wil e sonme heavi er napht ha conponents boi]ing above 300F

may be pr eséH’tglq wwn@oryﬁmmn&érﬁ%sei and phsingle cxalystaegenemtiopaessgbond ri ser
reaction zong i rred that it
_be present |n an anoun ugéta h{sg@?ﬁgﬁ&%gg\%téga %ilb cgrag f@h%’gf;‘% han 25 wt.
% and still nnnﬂemqhtaébésatdlmclhéssrmginmemnsphgﬁc)tgaeoma\phum gaseid, The | arge

pore zeolite gnent. a faypasit nore preferably a
Y type fauj ggﬁféipr?ﬁsem}fq‘ezq}& "'Lg¢§ %c&x\gtcg%%p%ﬁgéﬁéggg B&étf:%rabl y a ZSM5
type. It is espezinllpnied Ridegdrd fathetib agaited, yach aseeblites XaandDsTher us

Component s, 'ofqédgyﬁéf%@ttﬁ#qﬁﬁm%?s%?ﬁﬁim”?%ht SBER005H 35 GBS | nor gani ¢
refractory st, QIS PoteRSs, ﬁzsbmctsicxost-s anl Fcerpeaf)&amﬂhh{maswﬁgml nder have
acid crackin unctional ify) for cracking t heavi er conponents of the FCC

feed and th eﬁmmompmnﬂ”b@pr@cﬁswlmnucr@mﬁp@b@heowufwa% | east 1
% of th%ﬁ%ﬁﬂ#%oht@@mﬂg&@m&'aﬂﬁkﬂ?&f@%%é&c%@f&ﬂ%ﬂﬁ@rl y preferred

enbodl ment arge pore t e conponent conprise an ultrastable
zeolite Y, wecondaisenfor crackihg saphthamodead én thelfust rizdr. 0ragking thepr ef er abl y no

greater than 26 and, t.he SUBST| TUTE EET R UE 56 11 APR 1003 WO
00/ 40G72 Pd?éé%?‘é@?i ond riyet pr °E>So¥‘8r°z°é‘§f; 3&“?1“8 ‘r‘%&)"agléth%sm5 It is
al so pref er pegnt. hataltmee@abcﬂhx\ﬁﬁﬁs 66 8écdind rigér xh aqstiafddwitti a sé}imlv@&phor us,
typically present as 205 I n, one enbodi nent , vvhlcg iﬁ ferred

enbodi nent , ﬁ’@a@eﬂe&ﬂ & WﬂW‘%%FP%@%@P@P&geﬁ Lsla Wﬁéﬁ? t| arge pore
si ze zeo"t?gsemvpgéitg siblelto 8uflh AL FOC G At SaHELAAHsRfskngEt 81 OXI de

bi nder and particles rrsing t um pore size zeolite, conposited
with a porourssselsrfoxrlgma&cdrllghirdcﬁnsrgrodwtxah, ibsiedremelyctostly traddnot her

enbodi nent) t part.icl ot he | and nmedi um
pore zeoli téﬁ@ﬁ%ﬁ gt%g?“rf)’ﬂ ggl-g’:% iﬂ%Sthé lﬂgi’ﬁiﬁ?e?c?agft? actory

met al oxi de bbigbRas mcrdas@malli@m Slefdiy ikl fRom dWexifingCRGG uhit, withsiisct ed in an
FCC unit having a regeneration zone, a separation zone, a stripping zone
and at | eashaying tagddadditional vesselstg thewiti on zones, both of which pass the
crackate products and spent catalyst into the sane separation and stri pping
zones. At | east one reaction zone will be for the FCC feed and at |east one
for the naphtha crackate feed produced in the first reaction zone. As a
practical matter, each reaction zone will conprise a separate riser) with
both the separation and stripping zones being in the sanme vessel, and the
regeneration zone will be in a regenerator vessel. Mst of the reaction
products in the cracking zones.are vapors at the cracking conditions and
are passed into the separation zone, along with the spent catal yst, where
they are separated fromthe catBEBYEITUTH SHEEE¢RERE 2hassed to fi ut her
processi ng and recovery. The separation zone contains suitable nmeans, such
as cyclones, for separating the spent catalyst particles fromthe crackate
vapors. The cracking reactions result in the deposition of strippable
hydrocar bons and non- strl ppabl e hydrocar bonaceous mat erl al and coke) onto

o, o, o o, - o, o o




feaction zone, or wwth a new unit having two risers. Thus, the practice of
the i'nvention pernits increasing production of propyl ene-contai ni li]ﬂrér‘Rgllﬂm
‘gl efins with as existing FCC unit, wthout having to add an additi I
vessel, and conprises the steps of (a) contacting an FCC feed wth a hot,
regenerated) particul ate cracking catal yst conprising both | arge and nedi um
pore xeolite ‘?Q@p nts in a first cracking reaction zone abTHea2k1ON
conditions effective to catalytically crack said feed and produce | ower

boi | i ng hydrocarbons conpri si ng napht hag- propyl ene containing |ight

ol efins, and spent catal yst particles which contain strippable hydrocarbons
and coke; (Wi | i ng hydrocarbons produced in step
(a) $om sai in a separation zone and stri pping
said catalyst particles in a stripping zone, to renove said strippable
hydrocarbons to ptoduce.stripped, coked cataly articles., wherein said
separation and stﬁ’? HB’leﬁﬁmi’E?:légs t&raéf‘ﬁ“lﬁcﬂqﬁ CM§¢QEBQIC?SS(!%W50nt acting at

| east a por tih@Basell prriudtioeSilidhR oRAAS Uk@Gdih pFoplyRné, ushig at RAGttWON zone Wi th
sai d hot, regener a{ied, particul ate cracking catal yst in a second cracking
reacti on zorBsersfeedinginto o singlsrigparpiinisstapring vessel ang aczackingtcatalysty crack sai d

SUBSTI TUTE . 2 I 1003 -
PCT1US99/ 28 lé@%ﬁg%gtb#gﬁ grrﬁfa%fl 5ndeudéuem P%?B@%%ﬂ c:hng%glr Sggrrgéfg)%cg@éonpri si ng
mor e propyl &he RCOfeedis cgalytigily ovackéd tospradute rppeavkateartathyedmprises i cl es whi ch

contain stri | e drocarbong and coke; (d) separatin aid lower boilin
hydr ocar bonéi%gﬁtgm‘ggf?pé' AF {0 3 HFshFises Fetcg’}f%rgéngﬁecé'%\lf'&g@éﬁ??étion zone ang
stripping s3ostidddfithe h@shtha craclatt ftféddiRtoisedOMitPrisch,dn WhidVieissai d stri ppabl e

hyd[r ocarbons to produce, stripped, coked catalyst particles; (e) passing
sai d st ri pp&atalytisribycragked ipto praducts compsisingsdditional proptlenss ‘Mb‘&c Ad (d) into

a regenerati ' lGh: Al i ] ygen at
condi 11 one. GPpaERPRckdls BRtscd skl iR Rapbimb R RELES: Ghitd0 T
r egener at ed boilingi naphthp drattion ingthe pradti¢ef of theainwentipnsithas besn foundgbater at ed
catal yst particles into said fi.rst d secomnd cracki. eacti,on zones,
wher el n sai ek PEPYIeRe-oRfiiue b oL P o iBAoed pAFIICH & Al

crackate feed passed into the second riser, by using the lighter, Cs- < 300°F

fraction, which typically boils in the range of 60-300°F (15-149°C). While

some heavier naphtha components boiling above 300°F may be present in the

embodiment in which the feed to the second riser reaction zone comprises the
light naphtha fraction, it is preferred that it be present in an amount of less than
50 wt. %, preferably less than 25 wt. % and still more preferably less than 10 wt.
% of the naphtha feed. The large pore zeolite component is preferably a
faujasite type and more preferably a Y type faujasite. The medium pore zeolite
component is preferably a ZSM-5 type. It is also preferred that the catalyst
contain a phosphorus component. In addition to the large and medium pore size
zeolite components, the catalyst will also include at least one porous, inorganic
refractory metal oxide as a binder. It is preferred that the binder have acid
cracking functionality, for cracking the heavier components of the FCC feed and
that the medium pore size zeolite component comprise at least 1 wt. % of the
catalyst, on a total weight basis. In a particularly preferred embodiment, the
large pore zeolite component will comprise an ultrastable zeolite Y, with a unit

cell size no greater than 24,30 A and preferably no greater than 24.26 A, and the

SUBSTITUTE SHEET (RULE 26)



separate first and second risers. The separated, |ower boiling hydrocarbons
-produced in each cracking zone are passed to product recovery opgrgﬂj otg@,
which typically include condensation and fractionation, to conde d z§n
separate the hydrocarbon products of the cracking reactions into the
desired boiling range fractions, including naphtha and |ight olefins. By

i ght ol efi n%NJ)Fb/JOEﬁ context of the invention, is nmeant CcoggfiSdRgnsOSt!y
CZ, C3 and 4 olefins. In preferred enbodi nents, (i) the catalyst wll
conprise the preferred catal ytic conporents referred to above, (ii) the
naphtha feed to the second riser will boil within the range of from 60-300F
( 151490 iR BbiEizSfte Wifl SbmPhis! 26N/ RIIALd BRfertthdt ild dardifg T eaCt] O
products of the cfacking reactions in the second riser w not be m xed
with the fi centainiatdastGawti %iphpsphdnss typicklly piesdrit abR:Pradsedet o separ at e

product recovery. The . ngphtha riser reaction products,Wwll.be sent to the
same SUBSTI fﬁﬁx‘g}ﬁégﬁ*’(‘ Sdistersdenbofinedisihe %%?ﬁgﬂib%%l’%/ US99128713
. 7_ separ at ipaficles 26@prisifig tHedarlpepofeasdst Zeblste] conganittdwithag@ksiss, but will be

passed into ,a different separation neans wthin said vessel, fromwhich the
separat ed hjRereanis redicionpwetal exide bindenasd particles comprisias tha.wedinment , st eam

may al so be_ Lo &eat.adidn pgﬂﬂ L . 4 [41 zone, either
adm xed wit Rb{yhsgfenzggwteh%&?ﬁedggc or stggarog%’éﬁélrg%?g%%g?&%?%%fgemﬁe yield from
t he pr ocess bafdet. hinsainotheeeabalimenty the eatalyst partidleemay compritettath tife a t ypi cal
FCC pr ocesslwitho t t.he n%pht E‘? crackate ri Sek b ea tion zone. BRIEF

DESCRI PTI ON %ﬁc?ﬁmfﬁi}&wﬂﬁ 23PN te-SOMRORENLT FIRRQSItEd With 8 RATous, MOFgANIC, ' Foc yni t
useful in tpehdeforg iicts oRide biiRlet, Ay @ SingRParticle. Whi ch dual risers are enpl oyed
in association with a single separation-stripping vessel. DETAI LED

DESCRI PTI ON Cat cracker feeds used in FCC processes typically include gas
oils, which are LEd PR =Y s A cyum gas oi l
(VGO), a strai ghﬂ%ﬁ%ﬁ%gﬁgﬁgﬁ%ﬁ%‘? g+’f ?*"éﬁ%?%en%’g‘?‘“ﬁ%‘ﬁ‘?k%‘r oi | (LCGO)
and coker gaspapitios zofit) @asstrippingszonavand strieishiwé sdpataté triacignguractiort ypi cal |y

above about 450F (23 and re monl vy abpve about 650F (343C), with

end points 5?)"‘1%“%‘%85%?@6?—5 P a?”l’rﬁg‘é%ﬁmqo‘?ﬁ?ﬁ@g s(§|""E{fﬁ§}Feesallﬁfavy f eeds

B?Vi ggda_n egbaﬁdﬁohiaﬁ@s@ipbhig zahavektllglﬁﬂcﬁxc(xea@ioh mﬂ? Wébswﬁllm)gccog e) may be
ended in wt e cat cracker ed. Suc eav eds include, for

exanpl e, V\h#eéaﬁ 8“"@?5198%5“&“(% ﬁlaﬁéagfﬁg?ﬁp‘ﬂfa@agg ?"F&fﬁ%f??fﬁ‘?ﬁheri c and

vacuum di st izbh2t AQEpabtical Hdferd bdoh rédtAbR kére Wilkcongifialalsepieate risé 0i | s and

cycle oils fromthermal cracking of heavy petroleumoils, tar sand oil

shal e oil, ®dtybodetheseparation andsirippingzersdsing iy thesams yesselanddhe pay be
present in th @6tk shnet I: - ol unme % of
t he bl end, z}fr‘%n%re t?ﬁi@gﬁfﬁ?% a gﬂ%csgél‘t fg&%gbggﬂgﬁﬁae&‘%&r@gg% f eeds
typi cal | y cdimthaicracking zonesraravapons asthe aréckingieanditicns end angypassedtistp such as
SUBSTI TUTE ﬁll_flEET RULEZ6J 11. R 2003 % gO/ 406&% PCT/ USQQé1 8713 8.
aromatics a SERAFARHARRe A AR SRERt SPIANSh YHCTOUPY pre SERgTRLG ur_and

ni trogen. Ceiesa panticle$ hebgastedad Furtlie® pAct Sing drdatesbesl. Thegr aded to reduce
t he amount of undesi rabl e conpounds by processes, such as hydrotreating)

sol vent ext FEREFALOR Zouspaniaing,wiifable means seoh 1CYRIOnES fersepapdietdieand the I ke,
as 1s bl own spdiy CaREGARING (FRITHe! FitRatk UGAS! THE ofabling RERLM Rty dr 0gen 11

t he presence | e catal yst, such as a suppofted catal yst

cont ai ni ng in tho depasitioptaf strippalple hezdrocarbgnstanfjnonssttippableo cat al ytic
conmponents, ;at _copditions effective for t.he dr.ogen react. with the
undesi r abl eh?'étgﬁafg%%ﬁ%%mageﬁﬁn# ﬁ%ﬁew’ Pﬁftﬁ?% Stthgﬁ? f%@ﬁf&'ﬁ@n’@% , as is

wel I known. in the stripping zone, using a suitable stripping agent, such as steam, to remove

the strippable hydrocarbons, which are passed into the separation zone with the
stripping agent and combined with the crackate vapors. The stripped catalyst
particles are then passed into the regeneration zone, where the coke and non-

strippable hydrocarbonaceous material is burned off with oxygen, as either air or
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Typi cal cracking catal ysts useful in FCC processes have one or nore porous,
tnorganic refractory metal oxide binder materials or supports, which may or
‘may not contribute to the desired cracking activity, along with On?1dWRﬂmBe
zeolite conponents. As set forth under the SUWARY, in the process of this
Invention the cracking catalyst conprises both |arge and nedi um pore,
shapesel ecti v, | ]te conponents) along with at | east oney} 18)
refractory né&gﬁ&§§%ﬁe conponent and preferably including gtg@g%% 3§ous
conponent. By large port size zeolite (& nmeant a porous, crystalline

al um nosilicate having a porous internal cell structure in which the

cross-sectiaon j sjons. of.t es_br.oaf 8 A and
even greater“l%rk{“& g?gg%%enc?fxg&g,s@ggﬁxg[}gt, §%F§%?Jﬁr§{&9§§é%t,{°%§r g’gﬁec?‘abl y from
6.2 to 7.8 Aradenpassed bacd iatodakly cfackiny fesdtibrozohed If\a prefiarey oss- sect i onal
di mensi ons of tog‘gggt&r us inter nal cgl | s of e medium gore size zeolite
conponent wi§b ‘;"F%‘iﬁ@P’P Rets frpp the map ongag gl 5.8 ~  and

mor e pr ef er alyuabidddAme i fIr?qu-FﬁCAfeﬁJ ElabiShg 2bdeViodfR! gme-shmg\aa! ng exanpl es

of large pore zeolites use in the procéess of the inventron include one
or nore of thydrdeatbops,tiut engrpassed ypseparatecdeparstionemieansdn the separation uct ural t ypes
such as zeolite -1 DR .st.ruct ur al S _SHGH rdenite. . and

resopor ous Ptk ATGVEMRRS o aramptiige B B sRRLPE prii g O
Simlarly, tiseofetleasttworiSerz€Rtibh Stagdaripsutiutdd wily oneostparatién gt @id nor e of
SUBSTI TUTE SHEET, (RULE 16) '~ ~ 11 APR qio WO 00/ 40672 PCT/ US99I1 28713
-9 the MFI <nestrinping zongjueferably indhesamesvesselo TRenvention gy b8 ¢ ype such as
ZSMLL, the TERL@E WikihahihinPPCRUER @HHdAA Heleadsld skdRgERE Struct ural
type such as ferrierite. TheSe various structural types are described in
the 2"d revireation@one, on wath angw enit kefvingawioiriserssiThys the praqijgsef'thq 1978,
Butterworth . . | . i eferred that
the | arge p?%“e’én;ﬁlggg)g)z’ge%ﬁf%\ésc Jé/ﬁ{écﬁ{on%? gf(ﬁgle(h:'gtca t?/@}lgcﬂcﬁ%pl%ggg a FAU or
fauj asi t e t ywith apexdstingaTC unit,Switonehaving @dd an hdditioml segpekbtimd abl y zeolite
Y. Wiile zeolite Y be in the rare earth form the hydrogen form (HY),
or the uItré“é’mS?'g%é"??s?%rm it is preferred in the practice of the
invention that it be the USY form and particularly one with an

equilibrated unit cell size no gqrﬁsat,er t han 26. 30 A and preferably no
greater than 24. & contacting anFGGdned with 3 hefsresenerated gartiquiakicraghing t he USY
form of faujagi i ch EOH $fitd ®ndh&ds f a fifsgmewor k
al um num of ‘%@1’;”28&?@?5%%?&‘? ?’;{% one- |#|2’h1 91ﬁ%he p?r_anem?k sites are
t et r ahedr al cxsckingreastioncdontet reavtion conditienisaéferverto catalytically eraeksaidi. 26 A .

This is achi not her hasl Il size
stabilizati oiggf%l&;%ﬂ?‘égé%w?rn orilgléhht){dgc%p%sr%g% o epﬁ%‘% 'E@W‘@’ef’ 1150? %lggn?-e nvi ronnent s
and this carcobeimng Hghit odkfinis pdtspent Catahisypdrticteswhish tontainatrippablehe FCC
regenerator, as i§ known. During equilibration, aluminumis renoved from
the tetrahedb4ro Re ot sokent i 1t he presence of charge-conpensating cations
in non-framework positions is capable of maintaining the remaining
framework aluminumions in position, as is known. Such cations include one
or nore of A13+, (Wsgparat Iperboitinghydspearbams geaduced ig step (gRfomCeq+, Pr 3+,

and Nd3+), tslga I i . . + ) he al kal i
netals (e.g., %ﬁﬁ%ﬁﬁ%&ws gﬂe& %graﬁé%?%nﬁqa%{g%gpglﬁ?éﬂge%%sg conponent

pref erably quanolésina sy zohbeorahave saidstrippable Hydecadbioas jo produeeol i t e
conmponents of ,t range from about, | % typically from

he catal yst wil| -60 Wt .,
AR e 5o PRy ORES EAE RS BTt SO HeRion SRl Rsieg ZonekRiS . | based
on the t ot aljn ¢ @meSfessépi ght . As SUBSTI TUTE SHEET (R UGE 16) 1 1 APR 2003
WD 001 40672 PCT/ US99/ 28713 - 10 nenti oned above, in one enbodi nent, which
is a preferred enbodinent, the catalyst will conprise a mxture of two

separate particles.. ln this,enbodi pen i tl i1l conprise
the large pore zg‘élcﬂ‘tg‘:%%})%étnﬂ ogg?‘?b%}sﬁafd;xgap\%)mﬁxgﬁx%gc gﬂ‘é |As§{as¥msed in or
supported omnpactionizond giths4id hof Fepeherated mirtidulax crdekingtatalystina sebendot her type
of particle will conprise the nediumpore sjize zeolite i an |norganic
refractory rRERCKINEFRAGHON ARG, jakreagtion copditions c‘t‘?“f“f’% Y $rackseidi al may Dbe
used for each type of catalyst particle. In the preferred enbodi nent, one
type of catalyst particle will conprise the USY zeolite having a unit cell
size less than 24.26 A and a suitable matrix and the other type wll

conpri se the ZSM5 conposited WUBSTVNETE SAMEEIT(ROLET26r ent matri x material .
In this enbodinent, it is preferred that the phosphorous conponent be
conposited with the particles containing the ZSMS. This enbodi mrent of two
different catal yst particles used to achieve the over-all catalyst
conposition of the invention, permts the ZSM5 contai ning catal yst

o v v o o .




A L]

:and have acid functionality, for cracking the heavier FCC feed conponents.
‘Ilustrative, but non-limting exanples of anorphous, solid acid, porous

"matrix materials useful in the practice of the invention include aldg%ﬁﬁ\mm

«silica-alumna) SUBSTI TUTE SHEET (R ULE 16) 1 1 APR 2003 WO 001 4

.PCT/ US99/ 28713 -11 silica-magnesia, silica-thoria, silica-zirconia,

silica-beryl Yguahs silica- titania, as well as ternary igrgh@dsiss3oxi de
conpositions such as silica-alumna-thoria, silica-alumna-zirconia,

Ssilica-alum na-nmagnesi a, clays such ase¢kaolin, and the |ike. The matrix may
also be in the formof a cogel. The catal yst of the invention may be

prepared by E@}ﬂ‘ = ]”%ﬁ; NLEepar i acki ng
cat al ysts. ‘P aynﬁjdrﬁ%oé tﬂ?}% r n%%ﬁ%%%&f%’%izng&zééﬁlgéeain t he
cat al yst, baemdinig lighe olefins bnd spiead gasalystvpartibles whidhl contaipstrippable about 1- 20
w. % prefgr%bl 2-15 wt, %and nore preferably 2-8 wt. % The ZSM5
conponent i &Y 8%88‘?%@8 ®k®h at | east one al umi num or al umi na- cont ai ni ng
bi nder material. One or nore additionai binder materials which do not
contain alum num or alum na may al so be associ ated or_ conposited with the
ZSM 5 conponent . (dYseparating seiddewenhoilinghydrocaihoge gy saidsspeat cagdystt e in t he

catal yst w s . - . O . . | Y 20~ . % and nore
preferably b@%@%;ﬁ{gépgga?ggEgn %”?cel%%%ﬁ g%%ﬁ@é@m%d&%&% anount of
phosphor ous zge sereimoive siill atrippable by drocarborsad prodyce steipped)icbkedwdatalysbe such

that the nole ratio of the phosphorous to the alum numin the binder phase
is between B?T"Eﬁd 10, and preferably fromO0.2-5.0. Typical cat cracking
conditions in the process of the invention include a tenperature of from
about 800- 1200F (427-648C), preferably 850-1150F (454-621C) and still nore
pr ef erabl y 900- 1(¢) Bssing sgid-sgwppey. coliedyatalyss partislas peeducedhipusters (B0 psi g)

preferably s L, : : iofSdai Py;ﬁ i en about 0.5-15
seconds, prg?del@g%ﬁ?garg%ygsﬂﬁﬁgg{eeggh‘gé, ar_fp w‘?ﬁgéﬁggﬁ?‘g‘gwo feed wei ght
rati o of abo¥yged abedmlitiond effeetiverta bim off Sid Joke and@rdducelsadid hpt, eheated to a
tenperature_of not .nor han .850F, preferably no greater than 800F and
typically V\ﬁgﬁfl?‘atfﬁgat?@ﬁ%%ﬂ%‘fle% P'I(l)% about 600-800F. The naphtha crackate
recovered and recycl ed back into the naphtha cracking riser, is at a
tenperature in the range Qf from 200-850F when.it, is jn,ected into the
riser. SUBSTI T_Ln@ @_s&gw&mﬁzreﬁeyerm eatalpsEt EABEPACS A &3dbCT/ USe9/ 7871 3
-12 The i nvebhh®Brabkihp rddetibt'2dnaE witthdf 584 $0d aidl seboh@Eoie8RREIN O the Figure,
in which an FCC unit 10, useful in the practice of the invention, is shown
as conpri si sapagate firshendssependurisers.j ser reaction zones |2 and 14, both of
which termnate in the upper portion 15 of (ii) a single
separation-stripping vessel 16, and (iii) a regeneration vessel 18. Riser
12 i s the pri narThersepaated daeeobiilinghyduocakbdnk prddgced imexdch srackingked to form
products which includge napht ha and Li ght -CA ol.efins. Riser 14 is a
secondary rFEEATF R2Y o rg “cf’éCeﬁchr%%%?’?q’ﬁwmmhyimﬂB_"Wt. % of the
napht ha f or ggiflehdatioh 88d fréctionatich, BY Sdndeme!and séjfarat® Ble-hydfickibdi napht ha
fraction, is cracked to form products caonprisipng additjonal |ight, CZ-C4

ol ef i ns. ThBrodegts of & cpackingaeastippuintathe Hesired bpiling dangedtachionst o t he
separation ﬂﬁiq Ot dsaNBN; cBREA ui di zed, hot,

r egener at edfngat aéj}lsa ﬁ%%?‘%l??:’glgs are’ ?g}xg?h# glm ‘he ‘F‘%S@%’%@?ﬁ% into risers 12
and 14, vi ainvestipay isimeant cemprising miosthsCiS2s andiCsolefimhelnprefesraded FCC f eed,

conprising a yaguum gas.oi |l and)..optianall S ntaining a resid

Fact on boi RHGEEERl 08 saaSPChiBeEE e B LB e le: T ne 0.

The feed i sreférfdti 18 @bove; (iDitAE hfphttuefedtDio, the!fdcbid figer &All &bl Skithdatel cl es and i s
cracked to yield a spectrym of &oducts whi ch are gaseous at the reaction

condi ti ons, faage aEfrPmAO-300nE (Lird Y6 feraneamized lightoletingprodustion, ade cr acki ng
reaction i sagoRRl&latn Wdddbd of"ﬁxg%}z}cﬁi@?ﬁﬁﬁgﬁs AMfe HeOAGST Wil 90f peat al yst,
in addition'to the reattion products. e gaseous products conprise

hydr ocar bonmixddiveith the dirttaishr mastmnpsoducts, butgvillbepissed amskpacite ondi t i ons of
anbi ent tenper,ature and ,H{eessu ..and i.nclu ol efi ns, napht ha,

\ [ i C2-
di esel and BLIRROVEN el tﬁgﬁé‘?’r%h%ﬂ" ﬁgtsh\ﬁﬁgmcg}t%gxcé%ﬁ feed. The

-

Mapk

spent catal yst contains coke, unstrippable (hydrocarbonaceous material) and
stri ppabl e hydrocarbon deposits produced by the cracking reactions. The
spent catal yst particles and gaseous cracked products flow up to the top of
riser 12, which term nates in SUBYHTORE SEE{IER @RULEVystem of which only a
primary cyclone 22, is shown for convenience. The cyclones conprise the
nmeans for separating the spent catalyst particles fromthe gas and vapor
reacti on products. Thus, the upper portion of the vessel conprises the
separation zone generally SUBSTI TUTE SHEET (RULE 16) 1 1 APR 2003 WO
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i'ndi ¢cated as 15. These products are passed fromthe cyclones to the top of
vessel 16, fromwhere they are renpoved via |line 30 and passed to fumggn 003
"processing, including fractionation and recovery. The spent and sep s (;
catal yst particles are renoved $omthe cyclone by neans of dip |leg 23 and
fall down into the stripping zone 28. Recovered naphtha crackate,
preferably bqgyépi@sian the 60300F boiling range, is preheat geyughorgas W t h
steam and injected, via feed line 61 into riser 14, where it neets with and
contacts the uprising and hot) regenerat-ed catal yst pardicles and is
cracked to formcracked products conprising additional C2-C4 ol efins and
spent cat al yspariid veshdt s BT RRALSGIALYR brofel! GhiAuRptse@eho On
products pass up Into the separation vessel "and ihto a cycélone separation
system of whdifferennsepamtipn nmeansywithin sgid ees?dl, fromswhich texseparatedeni ence. Not
shown are the ,secondary cycl ones sogiated with the primary cyclones, as
i s known inq’ly c BBé'éé%"é?rqrﬁmPYFéfj?él%HF@F"gﬂé“%‘ﬂérﬂya@a‘f‘%X §Qg‘barti cles
are separ at gfleted Mtb MR HRARA YRer Fatking?BacBOR b, TithBHAitdd Withedi Pl €9 2S
and fall dowY into stripping zone 28.” In this preferred enbodi nent, the
vapor and gagphtha fsedrog sepasasely dmiegted Rrepdend yield fm gherprecessief thisonal C2- ¢4
ol efins, ar f . J I . sent to
Further pr odSe BB G el BpE it F 2 HEBTICE rockonPlE

fracti onat i amphths trrokarayisdraeactionizéme. r ecover the additional ol efins.
However, if desired, the naphtha cracking riser reaction products could be
m xed with the FCC feed riser reaction products and this m xture, along

Wi th the st BRRFDESCRIPITON'OF TRRDROWING €SSi ng. The stripping zone
contains a plurality of balfTes (not shown) which, as is known, are
typically in the formof arrays of netal "sheds", which resenble the

pi tched roofs of . V i . i ng

catal yst particl g‘ggg%ﬁfeosrcn%%%ﬁ%isﬂsﬁﬁﬁgﬂ/ﬂ g?ﬁq%l? q?ﬁfeai g‘tetp% E%f{rll‘gé ézt{one and

m ni m ze i ntthe inzentioaf inmkinly doal risers laret employpddh asdociagon withlasingledl t er nat i ve
catal yst and_vapor cont.acting devi ces such as "di sk and donut"”

configurati SHRAT V’S&p%ﬂ%l"%‘vgd in the stripping zone. A suitable stripping
agent, such as steam is introduced into the bottom of the striping zone
via steam | ine and_ removes as vapors, the strippabl e hydrocarbonaceous
material defHETANEDDESCRIPTION : quring the SUBSTI TUTE SHEET ( RULE~6)

11 APR 2003 WO 001 40672 PCT/ US99/ 28713 - 14 cracking reactions in the
risers. These vapors rise up, mx and are withdrawn with the FCC feed riser
product vapors) Cateradkeefesds usethin EECippmsesses typiaally dnaludeans ofsywhieh es are

f ed, viatrggg,ﬁi b Lraki i di 136 i n

regener at or 8,%%5%2'3%%3#39&%#) gaggéﬂt%&d%agﬁ%n%ﬁggﬁgvg@gé ynt‘}sﬂS ure of oxygen
and air, enten (amgospheric)aye ody alight caticackenmil FEGCpamd edkengassiilspar ki cl es are

carried up iato t. di sengaqi. ng. zone 54, of. the regen olhe oxygen

burns of f t ST Vﬂ@‘b-a‘%ﬁ*ﬂ@ g@Bﬁ?&%ﬁ“ﬁ%ﬁQﬂv&r@g&ﬁ?gkggza@’st particles

and in so dehdehord'esthmohllyBbviabloft 50PE (TBLaY, Uvith Enedpdins y té Akt about

950- 1450F. The di sengagi ng zone of the regenergtor al so contains cycl ones
S

(not shown) WMAP F{63Lfax dr addifien, ione or magsdicavytesds having g endboiing| es” from t he
aseous comauski f ' ' ; Caz and

gt eam and"?g'?‘ﬁ?@"9&’3%{;"2‘%&'&%‘?gégﬁh‘%@;‘“ggggBlﬁ’?ﬁ%@fﬁ‘g‘y tthggatt op of the

fluidized bethcBa,fetd; Sushbeas feedsghaude, forexamplsywholeBnd rédugedierades, bed i s

supported on a,qgas distributor grid, .briefly. jmn icate{dlﬁ%y.das | i ne 40.
The hot, reé@h@%&f@d&‘@aﬁ(ﬁ?ﬁ osplariciand Xec %Fﬁ‘l&%%‘r?é" °éld§5@tﬂ and 44 of
fwrel secti @Ag agfhaldies, A% oiltfand @§l€ 61l ¥em tlpgRAbEatidtg 6fhalvyst transfer |ines
50 and 52. The top of each funnel acts as weir for the_ overflow ng catal yst

particles. Pagolewmoilsdas sagd oflshale eilpoalesived ligaids, syperpdesand thehiked own

t hrough t he 1.0t 0 f. i ) | eminto the
respective F?hg%;}g%‘)zba Séfgin *hgﬁf#%g&gggg?lglnr%gﬁto%%#?%ﬁ??z%g?op of the

r egener at or volumel %nf thethlerid) and mbe typitally franalaboutdntor3@twohime adhesei ser i s
adjusted to gi ve tgﬁ desi red ﬁ]agixal st tc% oidl .rg}i o _and cracliiln

t enper at ur e fEsfs fpiGally contain toa fughia copfent qf Jimdpsizable gempoggnts, sje 95;93i cally less
than half of that in riser 12. The invention will be further understood
with reference to the exanple bel ow. EXAMPLE A comrercial FCC unit
operating with only an FCC feed riser and a cracking catal yst which
conprised a mixture of ZSM 5 aAUBSTIIEYEOEET REGUBHY| TUTE SHEET (R ULE ?6)
1 1 APR 2003 WO 00/40672 -15 PCT/ US99/ 28713 containing catal yst, was
conpared with the process of the invention (Base +), using data generated
in pilot plants. The comrercial unit was processing a vacuumgas oil feed
(APl = 20.8)) using a catalyst blend of a commercial USYcontaining catal yst

o o — N A T T —— .




<ZSM'5 containing particles, was used for the naphtha cracking. Prior to
‘use, both catalysts of this blend were steamed to sinul ate hydrother nal

- ‘deactivation occurring in the regenerator. The USY unit cell” size 11 APR 2003
stabilized at 24.26 .4. Both bl end conponents were comercially avail abl e
.catalysts. The catal yst blend contained approximately 35 wt. % USY and

appr oxi mat elywodedbemt . % of ZSM 5. The results are shown i mcrivessiaiBe bel ow
for BASE +. SUBSTI TUTE SHEET (R ULE 16) 1 1 APR 2003 WD 00/40672 -16

PCT/ US99/ 28713 CASEBASE FCCBASE +Cat at¥st USY + to ZSM 5USY + 1S % ZSM 5Feed
rate) kB/D7.224.5Conv., wt. %2.567.3Yields) wt. %

f eedl - i ZS1lakbiflaticld at@tdmpdinds tomBinkgHetdddatong partithArlyGiluPandd C4=6. 612. 3C42. 1
2. 2Napht habQ. 327. 2Di stil |l atel718. 7Bott gns10. 614. 0Cok é 24. 6TOTAL100. 0100. 0
Conpar i ng HHEReEn, Lopsequentlys ihesafeeds angodien gt 9*’&9%3‘16’3 39 geddee the propyl ene
product i on ghi,n S ' i 4 f |l ower 430F
(2210 convermg%ftlgﬁgﬂga%lo Mﬂh&‘gh}r@dﬂggﬁgﬁ’ ?%htaﬁiely‘?l?gg”n F%%g?f eed rate.
Al so, the ekdtioncsalid absorbérds R hfas saxtlecutarisicves amdghe ke, ap isda@wnwhi ch i s

advant ageoys { pe.r ver . l, w an al nost

P ol d i AndkeaBhg By ifs CERENEIRtne g Wi AIGhR R TABR R U001
gt her enboguitabié satgstct, mgiaﬁ GRS 'o;md chtglykdt;mnmﬁxﬁﬁghmmalyﬁe i nvent i 0? will
e apparent to, and can, be, readily nade , those JUBSTI JUTE SHEET ( RULE
~6) 1 1 APRPORRES Wik b P er70 Cathy YOS IS6¥ £anERORS ORI MG ar ¢

wi t hout de | I iR GRARK N { | ' cribed
above. Accclg?{jl?%ds%e?l t??& a}c{;@ﬁ(ﬁ;t i ntdﬁgﬁﬁiﬁon?&%k@ggggﬂgw ﬁgmgﬁéai ne

them from the feed, as is well known.

{

Typical cracking catalysts useful in FCC processes have one or more
porous, inorganic refractory metal oxide binder materials or supports, which may
or may not contribute to the desired cracking activity, along with one or more
zeolite components, As set forth under the SUMMARY, in the process of this
invention the cracking catalyst comprises both large and medium pore, shape-
selective zeolite components, along with at least one inorganic, refractory metal
oxide component and preferably including a phosphorous component. By large
pore size zeolite is meant a porous, crystalline aluminosilicate having a porous
internal cell structure in which the cross-sectional dimensions of the pores
broadly range from 6 to 8 A and even greater in the case of mesoporous
structural types, preferably from 6.2 to 7.8 A and more preferably from 6.5 to
7.6 A. The cross-sectional dimensions of the porous internal cells of the
medium pore size zeolite component will broadly range from 4 to 6 A,
preferably 4.3 to 5.8 A, and more preferably from 4.4 to 5.4 A. Illustrative, but
non-limiting examples of large pore zeolites useful in the process of the
invention include one or more of the FAU structural types such as zeolite Y,
EMT structural types such as zeolite CSZ-1, MOR structural types such as
mordenite, and mesoporous structural types with pore diameters greater than 8

A. Similarly, the medium pore zeolite component may comprise one or more of

SUBSTITUTE SHEET (RULE 26)



appended hereto be limted to the exact description set forth above, but
rather that the clains be construed as enconpassing all of the features of
‘pat ent abl e novelty which reside in the present invention, includinbldPR 280e
features and enbodi nents which woul d be treated as equival ents thereof by
those skilled in the art to which the invention pertains. SUBSTI TUTE SHEET
(RULE 16J WS 1S CLAIIVIED I'S: 11 APR 2Q03 1. A fl updrosisnenacki ng
process with increased Ca ol efins production which col ~nprises the steps
of : (a) contacting an FCC feed with a-garticul ate, hot, regenerated
cracking catalyst cor~,prising |arge and nedi um pore zeolite conponents in

a first craglei VB §tRRRIrAIGPZALR ady SKRECth MEIC QRbhirhiAPse fichQsZSKe t O
catalytically crack said feed and produce first |ower boiling hydrocarbons

conprisi ng hhphe TN girushyaldypecsunh a$ thetagoniej gk the FER strycturah typepeeh  cat al yst
particles [ &h. taj n_strippable [ r ; ke. (b} separating
said first o@gﬁﬁ%i ﬁ"ﬁ& Vﬁ?%lﬁ&@ﬁ%“?@é&”ﬁ%a‘%g@ﬁ’c?ﬂ’gg’%gp I’(eﬁs‘c"%rom sai d spent
catal yst paeditiod 66“Atasadf Zietkite SHRPRFAT 3" L1978, Bittbrabrths) PoAdorfdbyd cat al yst
particles i i/}r_i ppi rég zor]e, to rennove said strippable hydrocarbons to
pr oduce strﬁ)ﬂ@d, eigiead eﬂ-Q%‘t particles, wherein said first separation
and stripping zones are in the sane vessel; (c) contacting at |east a
portion of said naphtha produced in said first reaction zone with said hot,
regenerat ed, parlt ismwfatrgs) thatibk large peresizgeolita compensahef thegatghystar at e

cracking re ' k LQn ihd | f l.ye catal ytically
crack said ?}oéﬁpé}r&ﬁaa é'g@og?‘agﬁgg%gt%%%?@%?ﬁﬁ%ﬁcifﬁ\é&#}édrrntgg%r bons

ar 1 cl o5 VATL ALl pontan Shr aonb & A arbons and coke.. () sepalating
sai d secon\é\ﬂy ngﬁﬂ @’Wéﬁ‘eo‘blg %aﬁg‘g} 5iiﬁpr§f§€ﬁ§“%: ’eHr%itce particles

in a secondopie ifRRAGIES it 6P HeATS P ForkDRR] ﬁ&@ctﬂhﬂ- Bl WEhaRi d particles in
sai d stripping zone, to zexnove said strippable hydzocaxbons to produce

stripped, cedquilibrated ahipcell piae no gicater than 2659 A and preferalily 08 greajerpizansi ng sai d
stripped, ¢ cat al yst riicl .oduced ,j S . agnd (d) into a
regeggr ati o%v'?gﬁ‘e é‘h‘syﬁf’?ﬁ?‘éé’%" %‘Q}%’Bﬂg%m‘grdéenggkﬁgﬂ é&}a\msﬁe b°’x§/gZan at

condi tions ghieved by eerh®vabbf the etfahe@alfrakQork MumibMAWES] B aotthitot | _
regenerated catal yst particles; (f)_ passi ng Sa!@,%@,lga?t ,.regenerated particles

into said ffewesr thapenedifbed the amewrk sitacarr lumpigam grd thppelk s in a
separate ri o’ J akdl. fq . ¢ kil ol arbons from
said first ie@{)salzregi?ggﬁ;%%eﬁgﬂg? %a‘?d@e%%%@ﬁ?‘}gaew hggx?a |e'r?§glh€é(§{r{lrgg’gr bons fr
oxn sai d secfrhe faggsite.aCeld size stabilization ik ackdévedimhighnermperatara, oridafive t her
processi ng) wherei.n the cess condi,ti in the first .and second cracking

reaction zofftAm 5?‘6’%‘619?‘}‘55‘513{‘%?%% Sy g{’;‘%&éﬁ%g Sl manufaCoys of gl op of t he

total C3 pro@FICregenerdi6r, hi isknownd Diging REuilibieibn, bahintm i Yetheesdr bons. 2. A
process according to claim~ wherein sai cgtﬁgl@yst al so copprises at | east

| a
one i nor ganﬁ'@mr@f tetralegral fﬁ?_ﬁtcéﬂorb%il@éh%!“ﬁ&’é’tc _@Fgea‘fo.ml??.nsgﬂilﬁgr ocess
accordi ng t &oh&nMoh- 4R poétichdls eI Girifih@inidphe indifing Cracking

functi on.

framework aluminum ions in position, as is known. Such cations include one or
more of APY, Th*, Zr**, Hf", the lanthanides (e.g., La**, Ce*", Pr’*, and Nd*"),
the alkaline earth metals (e.g., Mg®*, Ca®") and the alkali metals (e.g., Li*, Na”

and K"). The medium pore size zeolite component preferably comprises ZSM-5.
The total amount of the catalytic zeolite components of the catalyst will

range from about 1-60 wt. %, typically from 1-40 wt. % and more typically from
about 5-40 wt. % of the catalyst, based on the total catalyst weight. As
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4. A process according to claim3 wherein said | arge pore zeolite

cozn. ponent has an internal porous cell structure having cross-sectional
~dinmensions ranging from6 to 8 AL 5. A process according to cIaithApkqmgin
sai d nmedi um pore zeoXite conponent has an inteznal porous cell structure
“having cross-sectional dinmensions ranging from4 to 6 ~. -200 . 11 APR
2003 6. A progssepecording to cla'm5 wherein said catal ypéripsdossnsies a
phosphor ous conponent, 7. A process according to claim 6 wherein nore than
50 wt, % of said naphtha feed for saidjgecond cracking reaction zone boils
wi thin the range of froxxt 60~3000F. 8. A process according to claim?7

wherein the ] | r ' b el : Abdlith&ai: @di Um pore
Zeolites rar%ega'??@n%bégg‘% _oge iﬁléﬁtgmg&ﬂé@cﬂ 1%&1%54@13\ p? ocessé%{’c@gr ding to

cl ai m 8 whercatalystwilbcdngpriye apnixaire ediwotseparaterpartickss, dn Uiy embadimest, and sai d
medi um pore aepolite conprises ZSM 5. ~10. A progess according to,claim9
wher ei npm)rgn? HRA °$Qa"§ﬂl° ¢ Wil compaise CA%T%P?F&%B@@@ OBPPRETLFORPIiEde range of

fxoxn 60- 30QafR (k1 difdeRe HEEPsuPFGRIUn th tdrdndd fDfrActoREhEhlodd d contacting
occurs in the p(r Sen g 0 stesau??addecli’pto sal d second “cracki ng reaction

zone. 12. Anfamix andothe otheatypernd pprticleowll cainphis¢ thermedivm poR sideaedlits pr oduct i on
whi ch coxnpt | . St of .cont.acti F e 1 th. a

parti cul ate,ui %g%?}ﬁgglﬁerﬁggé?@'amﬁéﬁé‘é i a@?ﬁgﬂegg%ﬁe'egﬁﬁg Y and ZSM 5
zeol i te cat ataydrial magbe asedios eadhttype ¢fratlyst pantiolep Inds, prefeaedani ¢ refractory
met al oxzde havi.ng an acid cracking fynction., .in a fiyst.cracking reaction
zone at rgaEF’SBﬁifn%BE(?Pfims"fé‘P é‘(l?awlll? S\?‘Bﬁ’?ﬁ%ﬁ}f#’&%@w%‘&gd feed and
produce fir glunltQUfF5izE Mss tR JAVH Q6Ad PABGLRAMAEK a0l Meloth@Rd Wil  -21 11
aPR 20D3 propyl ene-containing light olefins, and spent catalyst pazticles

whi ch cont aicomprise the ZSM-5 composited with the same or different matrix material, In

this embodiment, it is preferred that the phosphorous component be composited
with the particles containing the ZSM-5. This embodiment of two different
catalyst particles used to achieve the over-all catalyst composition of the
invention, permits the ZSM-5 containing catalyst particles to be added to an
FCC unit loaded with a cracking catalyst comprising a large pore zeolite, such as
the USY zeolite. In another embodiment, the catalyst particles may comprise
both the large and medium pore zeolite components and the phosphorous
component, composited with a porous, inorganic refractory metal oxide binder,
in a single particle, In this embodiment, each of the two zeolite components
(large pore and medium pore) may first be composited as separate particles with
the same or different matrix, with these particles then composited with a binder
material to form single particles comprising both zeolites in the binder material.
The binder material used to form the single particle catalyst may be the same or
different from that used for each of the two separate particle components. The
particle size of the catalyst will typically range from about 10-300 microns, with
an average particle size of about 60 microns, as is known. The inorganic
refractory metal oxide used as the binder or matrix will preferably be amorphous
and have acid functionality, for cracking the heavier FCC feed components.
Illustrative, but non-limiting examples of amorphous, solid acid, porous matrix

materials useful in the practice of the invention include alumina, silica-alumina,
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strippabl e hydrocarbons and coke; (b) separating said first |ower boiling
-hydr ocar bons produced in step (a) fzoxn said spent catal yst partic{ 3
.first _sepaxation zone and stripping said catalyst particles in a s %53 N@
zone, to renove said strippable hydrocarbons to produce stripped, coked
catal yst particles, wherein said first separation and stripping zones are
‘izt the sarrevy&g,§4§ (c) contacting at |east a portion of pafgsnagiy ha
produced in sal Irst reaction zone with said hot, regenerated,

paxi zcul ate cracking catalyst in a secepd cracking reaction zone at
reaction conditions effective to catalytically crack said naphtha and

pr oduce secq .

propyl ene- CO%G.I nY@E31F,Os'11HantﬂPH¥Sﬂ§§Qgg%ﬁgpg%ﬁﬂaﬂ%@%g?tt|1 g asvvhl ch
contain st rlvmmltmhydhoxgmnbmmle&nﬁposmms sich) as siliea-altinirg-thevia) second | ower
boi | i ng hydr Q¢ ons fxorn sajd ent cat al. articles.in second and
separate sep aB‘F'F“%&H’&“H a’é‘i“rﬁ ﬁgﬁ“@?ﬁlﬁiﬁ ispehees kaplig, and the; i ppi ng

zone, to rerme-rﬁ@hﬂ fraP ARBILE if i HOEAEH0ETe!. OTRY it opliel pped,  coked
catal yst parti cles; aSSI ng said stripped, coked catalyst particles

produced i nievesgen (nny bamne;(aue)d byrm weellrlngamamethpdsuse i foripreparing h sai d
particles ar h oxygen at conditions effective to burn off

sai d coke aﬁ?cg?rsgﬁﬁ%gél%lﬁ&hot, regenerated catal yst particles; (f) passing
said hot, regenerated particles into sai d first and second cracking
reaction zones, ch of arate ris -22 1 1 APR
2008 {g) passi ng zpaoqthglthq T‘ H%W%ﬁﬁéﬂﬁﬁ%%ﬁd first
separati on ‘paded tﬁ@%tﬁ%‘aﬁily%@@v@@ﬂt,'wqﬂ% B @k Mu'f'i@b%a%bgfb?erﬁm gm said
seclond sepaxation zone to & fractlonatlon system for furt processing

wher ei n t he 2pkowk§sardmare profesably24Bive. ¥4. rEhe Z5M-Seampeaertrisicki ng react i on
Zones are Sy uuB%f@B vHEhoﬂX%a%PSncCﬁ LiHeo aﬂ%ﬁ?%ﬂﬁﬂ%\%car r fddria he total Ca

pzoducts in econ ower ons
One or more additional binder materials which do not contain aluminum or

alumina may also be associated or composited with the ZSM-5 component. The
amount of the USY or large pore size zeolite in the catalyst will range from
about 10-50 wt. %, preferably 20-40 wt. % and more preferably 25-35 wt. %,
based on the total catalyst weight, The amount of phosphorous present in the
particles containing the ZSM-5, will be such that the mole ratio of the
phosphorous to the aluminum in the binder phase is between 0.1 and 10, and
preferably from 0.2-5.0.

Typical cat cracking conditions in the process of the invention include a
temperature of from about 800-1200°F (427-648°C), preferably 850-1150°F
(454-621°C) and still more preferably 900-1150°F (482-621°C), a pressure
between about 5-60 psig, preferably 5-40 psig, with feed/catalyst contact times
between about 0.5-15 seconds, preferably about 1-5 seconds, and with a catalyst
to feed weight ratio of about 0.5-10 and preferably 2-8. The FCC feed is
preheated to a temperature of not more than 850°F, preferably no greater than
800°F and typically within the range of from about 600-800°F. The naphtha
crackate recovered and recycled back into the naphtha cracking riser, is at a

temperature in the range of from 200-850°F when it is injected into the riser.
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13. A process according to claim 12 wherein said USY zeolite has an a

equi l'ibrated unit cell size no greater than 24.30 A 14. A process
-according to claim13 wherein, said catalyst also conprises a phogphPRA0H
conponent. 15. A process according to claim 14 wherein said catalyst
conprises an adm xture of particles conc~pxising said USY zeolite and
particles co I D said ZSM5 zeolite. 16. A process accgx=cgli claim
| 5 wherein t%ag%ﬂg%s of said ZSM5 and USX zeoli.tes res%gg{a:sé\}gfr{/lg
coznprise from1-20 wt. %and from 10-30 wt. %of said catalyst, based on
the total weight of the catal yst. 17. process according to claim16
wherei n sai d phosphorous conponent is contained in an al um num cont ai ni ng
bi nder conponent of said particles containing said ZSM5. |s. A process
according to cl am ifvebsl GliMpSRtHeinbeARRUIWith RATerRE I FigphEghed unit
cell size no greater than 24.26 A - 23 11 a~R 200 19. A px ocess
accordi ng t oviothamFCT wiitelOp sefigdn theypiractish of theanyentieryris shawmsasi d bi nder
conmponent in_an amuynt such that the binder .B/ A I atio lies between
01 and 10, SBPRDEIOUE SRR B RF oD 268 a8 MnEPEBER Y b Al 6
ratio is betté@efiate ith@Rgp&rportichl1s &f ()AGaGde SPpaNLBR-SGippgOleadeM &0 Wherein
nore than 50 wt,. % of sald naphtha feed for said second cracking reaction
zone boi | s indKiib arpgeneratign vesseli18q Risps 13 doie pnmary riser reactor, in whic

the FCC feed is cracked to form products which include naphtha and light, C,-C,
olefins. Riser 14 is a secondary riser in which at least a portion (e.g., ~ 2 20 wt.
( %) of the naphtha formed in riser 12, and preferably the 300°F- boiling naphtha

fraction, is cracked to form products comprising additional light, C,-C,4 olefins.

The reaction products from each riser are passed into the separation zone in
vessel 16, as shown. In operation, the fluidized, hot, regenerated catalyst
particles are fed from the regenerator, into risers 12 and 14, via respective
transfer lines 52 and 50. The preheated FCC feed, comprising a vacuum gas oil
and, optionally, also containing a resid fraction boiling above 1050°F, is injected
into riser 12, via feed line 60. The feed is atomized, contacts the hot, uprising
catalyst particles and is cracked to yield a spectrum of products which are
gaseous at the reaction conditions, as well as some unconverted 650°F+ feed,
and coke. The cracking reaction is completed within about 5 seconds and
produces spent catalyst, in addition to the reaction products. The gaseous
products comprise hydrocarbons which are both gaseous and liquid at standard
conditions of ambient temperature and pressure, and include light C;-C4 olefins,
naphtha, diesel and kerosene fuel fractions, as well as unconverted 650°F+ feed.
The spent catalyst contains coke, unstrippable (hydrocarbonaceous material) and
strippable hydrocarbon deposits produced by the cracking reactions. The spent
catalyst particles and gaseous cracked products flow up to the top of riser 12,
which terminates in a cyclone separation system, of which only a primary
cyclone 22, is shown for convenience. The cyclones comprise the means for
separating the spent catalyst particles from the gas and vapor reaction products.

Thus, the upper portion of the vessel comprises the separation zone generally
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22. A process according to claim 12 wherein said contacting occurs in the
presénce of steazo, added to said second cracking reaction zone. 28] MR 2003
‘process according to claim21 wherein said contacting occurs in the
presence of steam added to said second cracking reaction zone. 24. A nethod
for inproving the propylene productivity of a Fluid cat cracking unit which

produces a cX@§lhgrconpxasi x~g propyl ene and naphtha, sai gefgghids Cr
ackate conmprising a |l ower boiling fraction which boils in the range of from

60- 300F, fxoxn a fluid cat cracking feesh said unit conprising (i) a single
regenexa.tox vessel, (ii) a single conbined separator-stripper vessel,

(1), 20| contichRfed |5 CeleRBUADAE AR Honfdl Aolbcadb ik (6F BEldsag Sai d feed

and (iv) a particulate cra yst conprising a US Ite and an
armor phous bilGgfsemvetess thay aregeindvedetii bide 30 apd passeto fumaher pdatiessingt | east one

[ . id unit: -2 2003 ' (b di i cul
caralyst conmiils Rt wdomding Thdmma Sl BBl ' OO Torm

a conbi ned pfyfemovedromand & clsie by(ridant @t:eipaé%(m:gmfdﬁmaawhiiﬁ@tm@epar ation
zone at | east, a, portion of said naphtha crackate conpri si &9 a fraction of
whi ch nor e SHipRingrong 28oReenvercdinaphthe cragkle psteraplyhosingdotheélt f eeding it

into said s m | : ' L whh | , In which
the porti ongg sa@éﬁ%gﬁﬁ%’hgﬁcr%ﬁ%@%ont a??%ﬂéqgcll gﬁ%{%}’iﬁgge%g{l% yst

particl es ablimacisenlt, shartiit meets withfand tcontects thearprisingtand hbt, y crack sai d
napht ha and_pr odu e propyl ene; wherein the pragces onditions in the
first and sé‘g%ﬂ?fa@ﬁgg%yﬁ %@éﬂ"@ds E’&ﬁg%ﬁa?%’“é%ﬁ“@r!’é?fuﬁ opyl ene conpri ses
at | east 90comphisifig additibrtal CHCRloleEns Bh® Spedit Satalpstiparicids! The spshtsecond | ower
boi | i ng hydrocarbons. 25. A nethod according to claim?24 wherein said ZSM5

catal yst i néftalepagticles andireacHion aradusts PAESIHBIAAe spAsgAR Yessel anduhi ch t he
1'/AL nol e §db LRyERRospaRBbY SRRk of viich dfly a pmak & ciBRkP2ds ding to

claim 24 furtﬁer conprising t'he step of passing t'he hydrocarbons separated
from sai d ciersionveniense.aNptshowm aseithe se¢andaryseygloned associstedhwithitbe t he

oyt ocar Do RPL s MRl SRR B B e, ST
.ACALLAY. Al batdtgit pasticlésNardseparitdd ffony the@adeods Soachor pradictd)padd\thrdugh. Al | . A3Y

dipleg 25 and fall down into stripping zone 28. In this preferred embodiment,

the vapor and gas cracking reaction products, including the additional C,-Cy4

olefins, are removed from vessel 16 via a separate line 32 and sent to further

processing and recovery. In this embodiment, a separate fractionation system

may be used to recover the additional olefins. However, if desired, the naphtha

cracking riser reaction products could be mixed with the FCC feed riser reaction

products and this mixture, along with the stripped hydrocarbons, sent to

processing. The stripping zone contains a plurality of baffles (not shown) which,

as is known, are typically in the form of arrays of metal “sheds”, which resemble

the pitched roofs of houses. Such baffles serve to disperse the falling catalyst

particles uniformly across the width of the stripping zone and minimize internal

refluxing or backmixing of the particles. Alternative catalyst and vapor

contacting devices such as “disk and donut” configurations may be employed in

the stripping zone. A suitable stripping agent, such as steam, is introduced into

the bottom of the striping zone via steam line 29 and removes as vapors, the

strippable hydrocarbonaceous material deposited on the catalyst during the

SUBSTITUTE SHEET (RULE 26)



v AYF: AU3. A; 3. A33r,\y& ADF QR
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ca]ca]ca]calcalca
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a] ca] ca]calc ca al h ui _Oxk}xsnid_
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bifts P Btin
10% & ()- @10% & (l)h & AB CDI xnmb@haS) 10%&' (
shown). The fluidized bed is supported on a gas dxstn utor grid, briefly

indicated by dashed line 40. The hot, regenerated catalyst particles overflow the
top edge 42 and 44 of funnel sections 46 and 48, of respective regenerated
catalyst transfer lines 50 and 52. The top of each funnel acts as weir for the

overflowing catalyst particles. The overflowing, regenerated catalyst particles
flow down through the funnels and into the transfer lines, which pass them into
the respective risers14 and 12. The flue gas is removed from the top of the
regenerator via line 56. The catalyst circulation rate in each riser is adjusted to
give the desired catalyst to oil ratio and cracking temperature, with the catalyst
circulation rate in riser 14 typically less than half of that in riser 12.

The invention will be further understood with reference to the example

below,
EXAMPLE

A commercial FCC unit operating with only an FCC feed riser and a
cracking catalyst which comprised a mixture of ZSM-5 and a USY zeolite-
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9Z& ()-, 100%& ()- | @BFL0% & ()-!, (10% /& ()- 10Z 10Z 10Z< 109%&Z& ()-,"
1008 (-, 1100&& ()~ (}ro\: 1 (10%( <[ & ()- 10/ 10/ 10/ <MLO% & ()- !,
"10% ] & () - Hyo oo/ & () -+ 10% & () - h$I$$5$} r g\ =! &10% ()pchrkddsri04|
104] < 10%4] & O) 1@ 10%4[ 4] & ()-Y 10%] & () -
1 >S10% [ 1| & () - $$$$' K( ( dEg\ =! Sy100& ()psS10%& ()-S 10%& () -
@F10%' ()-"f10% ()-310% ' ()-(1))**f**aBg\=! S 10%& ()-

:Jlr (33{& ()- SY&%Lg%&@%@Q% ﬁ%e/ﬂ Qi the procest S¥helihvention (Base +),

using data generated in pilot plants. The commercial unit was processing a
vacuum gas oil feed (API = 20.8), using a catalyst blend of a commercial USY-
containing catalyst and a commercially available ZSM-5 catalyst. The blend
contained about 34 wt. % of a USY zeolite and 0.2 wt. % ZSM-5. The MAT
activity of this catalyst blend was 71. With a riser outlet temperature of 975°F
(524°C) and a catalyst to oil weight ratio of 5, the yields obtained in the Table
below, under BASE FCC, were achieved.

Two different pilot plants were used to demonstrate the improved FCC
process of the invention. A circulating pilot plant was used to simulate the
primary riser for cracking fresh feed and a bench scale unit was used to crack
60-430°F boiling range naphtha produced by the circulating pilot plant unit, to
simulate the second or naphtha cracking riser. A process model was used to
convert the pilot plant results to equivalent heat-balanced commercial operation,
for comparison with the BASE FCC process. A preferred catalyst of the
invention comprising a blend of (i) 85 wt. % of a USY-containing catalyst and
(i) 15 wt. % of a catalyst containing ZSM-5 with about 18 wt. % P;0s in the
ZSM-5 containing particles, was used for the naphtha cracking. Prior to use,
both catalysts of this blend were steamed to simulate hydrothermal deactivation
occurring in the regenerator. The USY unit cell size stabilized at 24.26 A. Both
blend components were commercially available catalysts. The catalyst blend
contained approximately
35 wt. % USY and approximately 3.8 wt. % of ZSM-5. The results are shown in
the Table below for BASE +.

SUBSTITUTE SHEET (RULE 26)



.10 10 10<MLOY%& ()-! S5&L0%& () - 3S90910%& ()-S. 10%& () -
_ 710% u& ()-!cY s$10%u& () -
- F"sS10% u& ()-S310% u& ()-310% u& ()---J.U..6/Z/ aBj _@ S10% u&

©z10% u&' () -

--aB_@

()1 AnAB8 10 ()

-110% u- u& ()-2zs10% u& ()-'10% u& ()- m0% u& ()-2/70T00212aBj @ - @0% A& (
)- )10% u& ()-F(10% u& ()- &10% u& ()-#10% u& ()-!f
10% u- u&' () - 33xmb@! 3Y: *10%z& ()- 10-u 10-u PCT/US99/28713

10- us<ML0% ué&' () - 8- 10% u& ()-6MLO% u& ()-110% u& ()-3335 6666aBnb@!,y
C109%6G& () - @3 10938 () -! @ALOYEGRE () - y@bOUEs () - @ 109%63& () -

SGLOY%GE () - 6" 7;

;Lt 5003/({52 (@)LL [@f Flcm& () 'C‘Vd.O%&' ()- ; lOG 10G }OG <L109%x&' () - 00/6.00/&5& ()-
‘F10%m& ()- " Lf 10bsiR L e L AREA)- 0% ()
@10%=& ()-!s&l0 Myét) ) 10968 )-USY[@rtoZ(SM -30nNPUSY HOPSES ZIM2E | KKKLL
LLL}rg\ =i S&L10% plé\c%lrate, kB/D 7.2 24.5

Conv., wt. % 72.5 67.3

Yields, wt. % feed

H2S 1 1

H2 0.1 0.1

C1 1 2.1

C2= 1.2 2.7

C2 0.8 1.6

C3= 4.2 12.1

C3 0.9 1.4

C4= 6.6 12.3

C4 2.1 2.2

Naphtha 50.3 27.2

Distillate 17 18.7

Bottoms 10.6 14.0

Coke 42 4.6

TOTAL 100.0 100.0

Comparing these results shows an almost three-fold increase in propylene
production using the process of the invention, at the expense of lower 430°F
(221°C) conversion and a 10 wt. % reduction in the fresh or FCC feed rate.
Also, the olefinicity of the C; fraction is a high 90 mole %, which is
advantageous for propylene recovery. The results also show an almost two-fold

increase in butylene production.

1t is understood that various other embodiments and modifications in the

practice of the invention will be apparent to, and can be readily made by, those
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appended herefo be limited to the exact description set fo above, but rather
that the claims be construed as encompassing all of the features of patentable
novelty which reside in the present invention, including all the features and
embodiments which would be treated as equivalents thereof by those skilled in

the art to which the invention pertains.

SUBSTITUTE SHEET (RULE 26)



“0z109B& () - MLOYB& () -! 109B& () -"S10YB&g-) - 4109B&' () - WM Xx=X>X?X @ MkxnbCl ! &1
0% h& ()- 10B 1OB 10B<MLOYB&' () - 9109B&' () -
..,-“ ) § Aye xmxzz @ dEmbCl | @0% h& ()- y10% h& ()-Y j?%ﬂPR 0
- STO96RE () -Z10% h& ()-@||]}L~~~~dEnmbCl ! & L10%
. h& () - &-LlO%v & () +10% h&' () - &&10% h& ()-3"S10% h& ()- 10%
& ()-~3456C0OThC! ! @0% h& ()-F10% h& ()-%40% h& ()- 10 h 10 h 10 h< 10%
h& ()-L0 10% h& ()-TchgxyeK, C 3 ,10% h& ()- 3 ,10% h& ()-'a, 3 ,10% h& ()-
3 ,10% h& 1)- 3A Ih#idhéay rrackEi@%protesd withGrdredsdtd ¥ ¢lefins, pBodadtionsg () -

which comprises the steps of:

(a) contacting an FCC feed with a particulate, hot, regenerated cracking
catalyst comprising large and medium pore zeolite components in a first cracking
reaction zone at reaction conditions effective to catalytically crack said feed and
produce first Jower boiling hydrocarbons comprising naphtha, propylene-
containing light olefins, and spent catalyst particles which contain strippable

hydrocarbons and coke;

(b) separating said first lower boiling hydrocarbons produced in step (a)
from said spent catalyst particles in a first separation zone and stripping said
catalyst particles in a stripping zone, to remove said strippable hydrocarbons to
produce stripped, coked catalyst particles, wherein said first separation and

stripping zones are in the same vessel;

(c) contacting at least a portion of said naphtha produced in said first
reaction zone with said hot, regenerated, particulate cracking catalyst in a second
and separate cracking reaction zone at reaction conditions effective to
catalytically crack said naphtha and produce second lower boiling hydrocarbons
comprising more propylene-containing light olefins, and spent catalyst particles

which contain strippable hydrocarbons and coke;

(d) separating said second lower boiling hydrocarbons from said spent
catalyst particles in a second and separate separation zone and stripping said

particles in said stripping zone, to remove said strippable hydrocarbons to

produce stripped, coked catalyst particles;



3 ,10% h& ()- 3 10%h&() 'a, 3 ,10%hé&-()-pVv8C a, 3 ,10%h& ()- 3 ,10%
"h& ()- 3 ,10% h& ()- ,10% h& ()- 3 ,10% h& ()-kL-C 3  10% ha' 1em@

'_" 10% he () (&) ¥ p%gsmtg]&sa(lh stripﬁ?’ed % erc]i&cgga"lyg% p%@co8le§‘ p(r)oducedlﬁx/ égf:

and (d) into a regeneration zone in which said particles are contacted with
oxygen at conditions effective to burn off said coke and produce said hot,

regenerated catalyst particles;

(f) passing said hot, regenerated particles into said first and second

cracking reaction zones, each of which is in a separate riser; and,

(8) passing said first Jower boiling hydrocarbons from said first separation
zone and said second lower boiling hydrocarbons from said second separation

zone to a fractionation system for further processing,

wherein the process conditions in the first and second cracking reaction
zones are such that propylene comprises at least 90 mol % of the total C;

products in the first and second lower boiling hydrocarbons.

2. A process according to claim 1 wherein said catalyst also comprises at

least one inorganic refractory metal oxide binder material.

3. A process according to claim 2 wherein said binder material has an acid

cracking function.

4. A process according to claim 3 wherein said large pore zeolite
component has an internal porous cell structure having cross-sectional

dimensions ranging from 6 to 8 A,

5. A process according to claim 4 wherein said medium pore zeolite

component has an internal porous cell structure having cross-sectonal

dimensions ranging from 4 to 6 A.
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6. A process according to claim 5 wherein said catalyst includes a

phosphorous component.

7. A process according to claim 6 wherein more than 50 wt. % of said
naphtha feed for said second cracking reaction zone boils within the range of

from 60-3000F.

8. A process according to claim 7 wherein the respective pore sizes of said

large and medium pore zeolites range from 6.5-7.6 Aand 6.4-54 A.

9. A process according to claim 8 wherein said large pore zeolite

comprises a USY zeolite and said medium pore zeolite comprises ZSM-5.

10. A process according to claim 9 wherein more than 75 wt. % of said

naphtha feed boils within the range of from 60-300°F.

11. A process according to claim 7 wherein said contacting occurs in the

presence of steam added to said second cracking reaction zone.

12. A fluid cat cracking process with increased Cs olefins production

which comprises the steps of:

(a) contacting an FCC feed with a particulate, hot, regenerated cracking
catalyst comprising USY and ZSM-5 zeolite catalytic components and a porous,
amorphous, inorganic refractory metal oxide having an acid cracking function, in
a first cracking reaction zone at reaction conditions effective to catalytically crack

said feed and produce first lower boiling hydrocarbons comprising naphtha,
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(b) separating said first lower boiling hydrocarbons produced in step (a)

from said spent catalyst particles in a first separation zone and stripping said

catalyst particles in a stripping zone, to remove said strippable hydrocarbons to

produce stripped, coked catalyst particles, wherein said fixst separation

stripping zones are in the same vessel;

(c) contacting at least a portion of said naphtha produced in said

and

first

reaction zone with said hot, regenerated, particulate cracking catalyst in a second

cracking reaction zone at reaction conditions effective to catalytically crack said

naphtha and produce second lower boilinlg hydrocarbons comprising more

propylene-containing light olefins, and spent catalyst particles which contain

strippable hydrocarbons and coke;

(d) separating said second lower boiling hydrocarbons from said spent

catalyst particles in a second and separate separation zone and stripping said

particles in said stripping zone, to remove said strippable hydrocarbons to

produce stripped, coked catalyst particles;

(e) passing said stripped, coked catalyst particles produced in steps (b)

and (d) into a regeneration zone in which said particles are contacted with

oxygen at conditions effective to burn off said coke and produce said hot,

regenerated catalyst particles;

(f) passing said hot, regenerated particles into said first and second

cracking reaction zones, each of which is in a separate riser; and,
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wherein the process conditions in the first and second cracking reaction

zones are such that propylene comprises at least 90 mol % of the total Cs

products in the first and second lower boiling hydrocarbons.

13. A process according to claim 12 wherein said USY zeolite has an

equilibrated unit cell size no greater than 24.30 A

14. A process according to claim 13 wherein said catalyst also comprises a

phosphorous component.

15. A process according to claim 14 wherein said catalyst comprises an
admixture of particles comprising said USY zeolite and particles containing said
ZSM-5 zeolite.

16. A process according to claim 15 wherein the amounts of said ZSM-5
and USY zeolites respectively comprise from 1-20 wt. % and from 10-50 wt. % of

said catalyst, based on the total weight of the catalyst.

17. A process according to claim 16 wherein said phosphorous component
is contained in an aluminum-containing binder component of said particles

containing said ZSM-5.

18. A process according to claim 17 wherein said USY zeolite has an

equilibrated unit cell size no greater than 24.26 A.
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23. A process according to claim 21 wherein said contacting occurs in the

presence of steam added to said second cracking reaction zone.

24, A method for improving the propylene productivity of a fluid cat
cracking unit which produces a crackate comprising propylene and naphtha, said
naphtha crackate comprising a lower boiling fraction which boils in the range of
from 60-300°F, from a fluid cat cracking feed, said unit comprising (i) a single
regenerator vessel, (if) a single combined separator-stripper vessel, (iii) at least
one riser reaction zone for catalytically cracking said feed and (iv) a particulate
cracking catalyst comprising a USY zeolite and an amorphous binder material,

said method comprising:

(a) adding at least one separate riser to said uni;
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catalyst in said unit to form a combined particulate catalyst;

(c) recovering from a first separation zone at least a portion of said
naphtha crackate comprising a fraction of which more than 50 wt.% boils in the
range of from 60-300°F and feeding it into said separate riser terminating in a
second separation zone, in which the portion of said naphtha crackate contacts
said combined catalyst particles at reaction conditions effective to catalytically

crack said naphtha and produce more propylene;

wherein the process conditions in the first and second cracking reaction
zones are such that propylene comprises at least 90 mol % of the total Cs

products in the first and second lower boiling hydrocarbons.

25. A method according to claim 24 wherein said ZSM-5 catalyst includes
an aluminum and a phosphorus component, in which the P/ Al mole ratio ranges

between 0.1 and 10.

26.  The method according to claim 24 further comprising the step of
passing the hydrocarbons separated from said cracking catalyst in said first
separation zone and the hydrocarbons separated from said cracking catalyst in

said second separation zone to separate fractionation systems for further

processing.



