;ede’ {" vvwbx4x2" {6X{ T{V*]t 1 OCT 2002 TWDO STAGE FLUI D CATALYTI C CRACKI NG
.PROCESS ~° FOR SELECTI VELY PRODUCI NG C2 TO C4 COLEFINS FI ELD OF THE11 (T 2002
I NVENTI ON The present invention relates to at e process for
sel ectively producing C2 to C4 olefins froma %,mﬂﬁmmmwma d. The gas oil
or resid is reacted in a first stage conprised atal ytic
cracking unit wherein it is converted in the presensglsdf conventional | arge

pore zeolitic cat t eactiqn t i nel udi boiling ..
range stream Th M&Si (‘Fmiﬂi.g] L{(epf&ﬁg‘% 'hc"e&""lftd&ﬁ} } a second

stage conprised of FORSELECTIYELYBRODUCING/GREO 6nOIEEINS st ri ppi ng
zone, a catalyst regeneration zone, and a fractionation zone. The napht ha
feedstreamis contacted in the reaction zone with a catal yst containing

from about 10 io 50 wt . (V% ﬁf S ﬁrﬁstal | ine zeolite having an average pore
di aneter | eEiE I ters at reaction conditions which

i ncl ude tenperatures rangi ng fromabout 500 to 650C and a hydrocar bon

partial pressure fro . 4 i por nroducts are cpll.ected
over head and the cat M§%¥%S§%‘? .“%‘%8%‘88P‘%fagégs‘@d&%§8_§§ﬁﬁi“§és éotr 08 h@fyz_one
on the vay pRydulthge] & 150bleMaensma b oif 0P fesid/0l Bld gRDIPOEr3ld isRRELeW th
steamin the stripping zone and the catalyst particles are sent to the

cat al yst regeadirsttstage aonprisdieofea Hokkcatalybicranacking anittwieeremt ialisystnventeidch i s
then recycled to the reaction zor;i. BACKGROUND. OF THE | NVENTI ON The need
for I|ow en Ystherpyesanse HIcanventionas dargs pore zealyicocatalflie reaetion pradusisef i ns
for use in al .ation | igorerization, MIBE and, ETBE.synt hesi rocesses.
I addi t1 ontietiB0tpntia AP asARe §earty deAGPhiaRn BF ey BBy Fone.
conti nues t ' ?0@18 r b :
particul arl ;ﬂl‘lt%dfg(rl g’gﬁ%@g?%ﬁ%ﬁ%ﬁﬁ%ﬁ@ eﬁé%ruol{ggéds?géﬁ}%?a Ir?agcrtllton

paraf fin depyt, agerippingrzoney e chrab@nrégenatitionciend, aedeviedtionitsesdnd.or

i ncreasing ol efin production. However, OCT 2002 _2_ these types of
processes t ypE&aphtharfeedstreant s contacied in thegeaetygi zarie withastatalysts as wel | as
hi gh operating costs. It . is erefore, advant agepus to.increase olefin yield
us'ngpr ocebadamiip o pbglh 1LG £ Ferver A ehaiftas e BivGRGhaed

voul dbe papbiechatetet 1chiRh 28800, 7:RnbRRAGRAE rlcRbh RoMUidhs Whigh! al vt | ¢
cracki ng processes. talytic cracking 1s an established and w dely used
process in irttudretengiegatindsedan pinpofromddisiut ¥00 @6 66 01C end ahy dpsdarediepartial | s of
relatively high boiling point to nore val uabl e | ower boiling products,

i ncl udi ng gpreskunedremacbeutidd ¢o d0gqsia. | Haper, produetsase Rellesgeheyerhead aindl  and
heating oil ., The re-em’pent cat al.y rocess-gﬁ)win use is the

p tic cracking.
fluid catal 1 @UacRTHgIeS Aot Basseq Hasopehihe A ite gme o ecvay soie o
br ought int 1 t K I ']’Q’?{'.E Sk ormof a
fine povvder,gat?f;?]élE g%tepéfaﬁig)\r}?z%‘l%a \‘éc‘él?ﬂ‘e‘(s:l%ge g‘? egf%l(t;l_ ou?&qug%gtrr#?rl ns,
usual |y abogbnéthd therdatdionspartioles abesdif 36 tiedcanBekicpgnéradoh izons viteré ake
place. During the cracking , coke and hydrocarbonaceous material are
deposi t ed opokehis wuned Jrom g ¢dtalyss whieh & theaueeysle¢dtogthe geactivh zomeal yst
activity and selectivity. The coked catal yst particles, and associ ated
hydr ocar bon er | e _subj ri pping process, usually with
steam to r B v(qtugbq}gb@ e i@&é@ﬁgu.. material as technically and
economnical |y feasible. The stripped particles containing non-strippable
coke, are renoved fromykhReg bl RREEMAMREMk]S s rEAHE AR IR RAseitRIartd1®
coked catal yst particles are regenerated by being contacted wwth air, or a
m xture of &rligindlefygfon usatin atkydatéorn todigotrenizatien WH BE bnd BT&kl ts in the
conbustion of the coke which is a strongly exothernic reaction which,
besi des r endxithesis peocssses, Isaddition, @ lawaeost Reprltafilight otefinshpatiewpslyat ur es

appropriate for . the endotherm c. cracki reactign., Th rocess 4s carried
ot in an | REGyHERS GO oms ind i B serdcis fRsdrosk G POWREASY i pper

t he regener i ahaci |l ary equi pnment. The catal yst is
cont i nuousl eag{c%%pg?%%&%ﬁgo?ggg%r or reaction zone, to the stripper
and then to the regenerator and back to the reactor. The circulation rate
is typically adjustedFisddibéd/pracessehdof bgltt paxhfirndelyleoganatiba hament ai n a
heat bal anced operation in which the heat produced in the regenerator is
sufficient fesenduiatiragted reryas iBferer Ing inweasing alofin prodnetien. r Hamsneng
regener at ed 110CT 2002 - J catalyst being used as the heat transfer
medi um Typical fluid catalytic cracking processes ar ﬁm,ﬂmmm”mmr n the
nonograph Fluid Catalytic Cracking with Zeolite Catal ! , P.B. and
Habi b, E. T., Mrcel Dekker Inc. N Y. 1979, which is incowmagat ed herein by
reference. As described in this nonograph, catal ysts which are
conventionally used are based on zeolites, especially the |arge pore

o v o -, - - v o .
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Also, U S Pat. No. 5.026,936 to Arco teaches a process for the preparation
.of propylene fromC4 or higher feeds by a conmbination of cracking &n@CT 200?
“met at hesi s wherein the higher hydrocarbon is cracked to form ethyl ene and
propyl ene and at |east a portion of the ethylene is netathesized to
propyl ene. See also, U S. Pat. Nos. a0262935 and 5, 043,522. U.S. Patent No.
5,069, 776 teaches a process for the conversion of a hydrocarbonaceous

f eedst ock b t| | D 10, Ped. of - it -
catal yat conisse SRS dHale: SEIATEGHL beRulBY Rl i Bt o,
tenper at ur enalQi4chiaR OPErRRQRR [ats MefddidRNGAtddedBs k& ARréanIARPYleld0

seconds. Oefins are produced with relatively little saturated gaséous

hydr ocar bonsgsibgipngcdssesrachici\requird retativiedy emallNapital, id8stirikdtt & Wobld be eaches
a process for copverting hydrocarbonaceous feedstocks wherein olefins are
pr oduced bypm@erqr gadANR SN §9 Hioreass olefen yredd ameatabticaCragiiing pragessest . A
probl eminherent in producing olefin products using FCC units is that the

process depends upon ¢l fi g cat.al yst balance to . maxi m.ze production. In
D L on. oven' i1 a s Galyi Cef ERYSH BB BOaRd DRI ERp B B0 O 7
2002 - smaxi gi ' Halal ' Y ' werally
Cow due to Lrde g By R iR peRRu o RELPRIIKICLY leh 1A

i somer i zat i point e moed valahbleriowerbdijidp peeducts; andfiding rgaselinecasl midide ef ore, it

is desirable to maxin ze olefin production in a process that allows a high
degree of coitillates.cueh as kerasene deti fupk gnddieating od: Hhecpresnsingnt ¢aly SUMVARY OF
THE | NVENTI ON ]l n accordance. wi t h Eheﬂ)lﬁrese t.invention thehgc<':fgﬁ§vgv' ded a
two stage pF8EELE RBFeSEPEC &y he At Cp g EXTRERE PEYSEPY WS i lcE}‘as oi l
or resid._ThErdASatel kel is e dht i cBAGEERith e LHIcKinSLAASCORRRTS el 2
fluid catal ytic cracking unit erern it 1s converted@in e presence of
convent i onatorhas € fipe pewalen|typicallx Bavdhy atpatticle sixelof @Bowr H800 icions| udi ng a

napht ha boiling range stream The naphtha boiling range streamis
i ntroduced Bsuiadlysabovt60rd Ognicgense ferphé desiraskcracking ceastionnia takepiacesed of a

reaction zope,. a stripping zone, atal.yst regeneration zone, .and, a
fracti onat | BHHBGHRS CrARRIngS SkAZDY BaHeRroRAPeoUS RalaReleate LADORIEdABHEE on
zone with a : Ntrak Nl fi 0. ) ery I'1ine
zeolite havfﬁg&giny%’%%g'ggﬂggf g&l Eﬁ lg%l}oggr)%%astél%th%ﬁ&g%%? Sgl.e‘}ﬁ\r/llgr{io?r% ers at
reaction cogglidd @ﬂﬁgwa@ﬁblbﬂ@hd@@sdcﬁﬂ&ﬁh?dr@b%ohaﬂzﬂéﬁﬂ. ffeosuibpdeqadt 10200 to
650C and a hydrocarbon partial pressure fromabout 10 to 40 psia. Vapor
product s ar strippingprogessovsratly awitha sigamhto remaveyastmypelr of the dydeoceripas sed

through the stripping,zone on the way o the catal yst regenerati on zone.
Vol ati | es aff@test iaﬁﬁeecanwaﬁﬁ agd gqpRqrpica @f%%sfhlﬁpffﬁg “Fmeddaidre cat a yst

particles a : _ t | IS burned
fromthe ca%%ftégl[mg &ﬁ?ﬁ %ﬁﬁ%pglﬁteﬂdg‘ﬁé?%résgxﬁgg&?gﬂoﬁﬂtg% (rg[e}gpcl%l%? gfr}ﬁzsglﬁgts aI n anot her
preferred epdpedermeditiwigdre theciiedsabdlydt puatitléOite rbgenefted by Seagaeohdcddd/st 1S
a ZSM5 type catalyst. In still another preferred enbodi ment of the present
i nventi on t withsa ond mixage of egdsidonly genrat anredevabasi tenp@ratore3 0l ws reswdts in
paraffins, and fromabouyt 20 to 70 wt. %olefing. i ~ ocr 2001 -6 In yet
anot her pr ef&rqasebuskion gt thseoksrwhigh ipe SERREIY RO RiEisepsiion ‘yﬁ@g’naegé%e

reaction zo I d t f 00C.
DETAI LED DE%%%%‘%?%% ‘%E!‘eeﬂs—!%t“ R S fe%&%tﬁ%t%hggbf?p?gﬁéjg Fage of
the present (el RIBtHePMi¢ SrabkRlbabaiton. THYHbEGAIPOMribd 36t inPih fMegra@d it
initial ASTM boiling point of about 600F. Such hydrocarbon fractions

i ncl ude gascanpssifigrbe adickipguastiomtigastrippérs Jhe relgenarator.cinidsthe apgiopaate oi | s,
cycl e stocks, .fopped.whole c¢rudes, tar sand ojl g, h&i}g oils. ée/nt hetic
fuel s, heav?n%bé"r}’cﬁf’é‘ﬁ%ﬁmfr QeSS FONBIONS i ionItesd Bop e reastor of

hydr ogenat i : NIt C I feed stocks
derived fr O?ﬁ@l&ﬁéﬂ %&?% ﬁ%tﬂ?‘%srtrel g%rn%_%sumrg?cf@%dgggne?égggg%%ﬁ%%%ﬁaég? %a&?ﬁi n a
first stageThpibslaabhYatkhs ﬁv'pﬁéal}'l'ychdﬁ?sftéﬂ ﬂé‘ldtﬁ/eqlf)%fééﬁ rhRasiRé o gssel where

it is contacted wth a catal’'ytic cracking catalyst that is continuously
recycl ed. Thairtesch hean balnoed eperaiioh irstvaaoh the haat produdedgashatregeuetator is
conditions that will forma highly atom zed stream of a vaporous

hydr ocar bonswhicigny er @amﬁ@nmgdge wrackingusadiqowih thaeirewatingregeseraidy  this
reacting suspension flows through a riser into the reactor vessel. The
reaction zone vessel is preferably - operated at a tenperature of about
800- 1200F and a pressure of about 0-100 psig. The catal ytic cracking
reaction is essentially quenched by separating the catalyst fromthe vapor.
The separated vapor conprises the cracked



hydr ocarbon product, and the separated catal yst contains a carbonaceous
.material (i.e., coke) as a result of the catal ytic cracking react 1 8A] Mhe
- coked catalyst is preferably recycled to contact additional hydrocarbon
feed after the coke material has been renoved. Preferably, the coke is
removed fromthe catalyst in a regenerat@r- vessel by conbusting the coke
fromthe O CT 2002 _7_ catalyst. Preferably, the coke is conbusted at a

t enper at UrecﬁBlyngé{hgt%gé’E &f‘@l@%eﬁf‘?ae%faf rﬁgﬁ?l;igrf ?@i@&%ip%ﬁ&%iﬁh&m frer «

t he conbustion ep, e regenera ca recyc e riser for
contact Wit Broxdshict afNd@dschibed artieliRdnd2ash FRIE Caddl iy SradMmEWithZdétigd in the
first stage of this invention can be any catal yst which is typically used
to catal yti €atalyst$,Nekd, hiddand Babin F deddardet Dekkear lateNrédl @9atvhidieis

catal ytic cracking catalyst cqonprise a crystalline tetrahedral franmework
oxi de corrpoﬁ@ﬁfl?org‘ﬁﬂ%le% élrfé?ﬁfefi% L&%@Pssebefitnawsl@mﬁgashe%m%m whrich

primary produc ! t ti.¢ cracking. reacti into clean, pr.oducts
such as nap%#h‘%%yéﬁt?%igisgﬁaﬁogﬁﬁﬁr%’ @@h{eéh%%eﬁépy?@ee@ggeogwg .Syﬁhg"érabl Y,
the crystal Eipgitetiaifdahndyanmewor k oxi de conponent is selected fromthe
group consi st i]ng of zeolites, tectosilicates, tetrahedral al um nophophates
(ALPGCs) and tetrahedral silicoal um nophosphates (SAPGCs). More preferably,
the crystalline franmeiliypicabfiede teacpaheittcracken caegendrelly Bechataesrinkd ah can

be enployed in the first stage catalysts of the present invention include
bot h nat ur abeiag® rlativebt highbeding eil ojvrasiduaps ciGer poits oMinapeixed withat er

than about 0,7 nm_.These zeolites include li.nite,.chabazite,

dachi ar di t eOEF GRS Brprsaaib il atdlfuvely slihoilink Poinf e rotkavpmam e
erionite, s L CiH.htd &; ihe. } : i: matrolite,
offretite, r?}ée}gélldfete%ascﬁrrgf g{eagﬁ,g}g Er e\r}gé’eﬁtree%ﬁ%%b?sgﬂl?g% ﬁgﬂ.léll%r?(l:l?ﬁéded anong
t he synt het peint @gldllyesbove@absan23(1°€5 more ¥YomAnonly aBbveétabelif3530°@, withehd H, J.
M Q T, W Z alpha, beta, and onega, and USY zeolites. USY zeolites are
preferred. péi rato, abouti R0 Ysi Typeakgaseails ineknda seaight B (arapsphgsier i n
this invention., However thg al, um num as well as the silicon conponent can
be substi t uBBHOHORCBIRE2s L ARAGPRSI Ot Sent s. For exanpl e, the al uni num

portion can be replaced by boron, gallium titaniumor trivalent netal
conposi tions whi ch ar §/ReaMi@ cdnvamti S fuid Bata 8k FR4HK L hged to
replace the silicon portion. Tche cat@} y??luc crg@i ng cgégaﬁ?gte u§sed in the
first stageswtabidter prodedihg oonwaniohalr tedrsportatigt firets, suctafifelvare peneraly

i norgani c oxi de catalyst framework 1 1 OCT 2002 _g_ conponent and an

i nert cat al yiBable tamerbihe rmoredamandingreguirerisnis ofdawtemisgionpBiednandf t he

catalyst is held ther by, use of. an inorgani ¢ oOxi mat r.i X ¢ onent .
The anti ve paroial fRggek PRI R  Corthepiett Mviugtie iotsminsios Ba M Des
the formati : i ; ' Qsﬁi‘b C. s that
are too |lar g%lgglﬂdtlﬁ?{leé%{e&?ﬁ%@et?%ﬁéﬁﬁfﬁ%f gﬁg{v\or @2?3@‘)‘ (Ezgrr%Héﬁent. The
active por ousrrhgldnggenes, and daaatiedey SThed praopelone kisclourplznedndoiodrhyiene
invention is preferably a porous inorganic oxide that cracks a relatively

| ar ge anpungabe ragteslcodith spgshanal do fame methylasapyrethers gmethyy rrdex s as
dt ble th | bl ank | f Syl . g.,
quar oy i s sber PUTETOF fad it neihe ot it Hon s aithih ophlek: ng can
o dut LEpt . . Syt
Cost st DIoRgBR et Rich Rl deiztidea bt kSt ok et 020 e+ ol e
B. S., et akequiﬂeﬂf&hﬁrhiaﬁﬁaté@@y%?isl@ﬁﬁxﬁj NPaddietoh 6 énhaning the w3hiide addv .
S|

1949, are desirable. Al um na, i caal um na and silica-al um na-zirconia
conpounds apetape efimberdf gadodinentbey alsatradiycet emissionswoltks patisolaslytdegieallef i es,
strengthens and acts as, ofective thermal sjnk. The inert catalyst

Fr amovor k. cngrnt tald O RhyiShs AL hTam s SRieh 261 JiHERE RS ardeRier
activity th [ . gRiLE r I

Bl ank.  Kaol T SREEH, G HRiebhGRI fhfd PRERKECraqiall LOR AR FEBAAL e LR
quartz and ghinthesdfehesargpt ofefivk, piratelarigdtiyleid. Comequeantys thekbexitnar gani ¢
oxi de matri x conponent binds the catal yst conmponents together so that the
cat al yst pr aeecin the artafiod matiadsrofippoduding lergemquanpitics ptetbykend andact or wal |
collisions. The inorganic oxide matrix can be nade from an inorgani c oxide
sol or gel which is dried to "glue" the catal yst conmponents together.
Preferably, the inorganic oxide matrix will be conprised of oxides of
silicon and alumnum It is also preferred that separate al um na phases be
i ncorporated into the inorganic oxide matrix. Species of alum num
oxyhydr oxi desg-al um na. boehm te, diaspore, and transitional alum nas such
as a-alumna, b 11 0 C T 2002 -9 alumna, g-alum na, d- alum na.
e-alumna, k-alumna, and r-alum na can be enployed. Preferably, the

e N o



reaction zone, a stripping zone, a catalyst regenerati.on zone, and a
_fractionation zone. The naphtha feedstreamis fed into the reactlbhﬂﬁbﬁﬁl
- where it contacts a source of hot, regenerated catal yst. The hot catal yst
vapori zes and cracks the feed at a tenperature from about 500C to 650C,
preferably from about 500C to 600C. The-gracki ng reaction deposits

car bonaceous hydrocarbons, or coke, on the catal yst, thereby deactivating

Lne Sanal Y Shrop RecbPOKACAI AN ShaARR, 2PREN 3L el TRM SRAREREENCR ol Vol -

and sent to’alfracton sse rou

stripping Z@rﬂ%s%@rtﬁny}%tf’dtidn%eﬁr ateﬁtarslg%ea%efatmlstt%teet al yst particles
with steam The stripping can be prefornmed under |ow severity conditions in
order to retain adsorbed hydrocarbons for heat bal ance. The stri pped
catalyst is then passtStlﬁtemtel\loe@éa@ﬂaﬂicﬁsnlamsa fitnidraatdlytic srackgemer at ed
OCR 2002 - by burning coke on the catal in the ;%r esence of an oxygen
cont ai ni ng g&<C) bﬂlét*&taﬁpperatqd top@ayimizg ol ﬂﬁmcﬁaﬂal yistt %tliﬂ\'/ﬁ a and

s hen rocotd stPiPyR it RO MR o dhirefi® reg e & FREG LR oed.
Flue gas fophmdily o WdWiss ‘4?95@51%1%& ttﬁtﬂaegeagaat:%tm ARl atcggétgﬁér@ta

renmoval of particulates and for Conversion of carbon” nonoxi er which

the flue galseavy gusroibin gnedlfisatmdgambthertsuitable cutalpsphal sct td keackr atkkr
products fromthe reaction zone are sent to a fractionation zone where

various pr oelgéinsnaphtha teedve tlelothes rises uCandnylom within thmbleasy gasaut risers .

Wi | e attenpts, have,.be made to i.acreas i Ief i el |nthe FCC
process uni ¥l tegqulpefgo Htﬂétfm?éeel@*ﬁf tgF\\Qeo(i e‘g Ht/%cﬁtclt%ﬁ FPE%wn .
di stinct pr fh?igp ha from
a suitable @%ﬁ?igpﬁfﬁk“ﬁ??@) ﬁdeu%ﬁ%h f‘éﬁ?ﬁééct nrog’gbtglglbgel&%eg §§g£d@§? Hpr ocess
condi tions ¢dtalystv || maximze C2 to C4 olefin, particul arI y propyl ene,
selectivity vvlth relatively high conversion of C5+ ol efins. Catal ysts
suitable for use in the second stage of the present invention are those

whi ch are conprised ofAlw,dfPsPal- NhS,025934 0 Naea tegehes aprmcgseiqdhe

di aneter less than about 0O 7 ters Sld crystallin lite
Compr 1 o1 ng PEBAARBAE PrOPReneafats Gaust nett tkds By BeomiinfinrsplreRine, a
catal yst co | : i W

selected f r{cl)ﬁ?n(ptﬁ“ﬁutﬁ&ls Whehfm %lil%{eggr gﬂgtltag;e&els%y%a ! fgﬁi}?@ Hlﬁgll?&

al um nosi | i mpgrssene@trtmeatt\tem ar;ﬁfrabnetﬂttt@ethylezledt ntemheiiiecbarpno@yleare Seé er est
are the rredl um pore zeolites with a silica to alumna nolar ratio of |ess

t han about #I5o1U.prRatNapl 0268935 andd,@%6822.50: 1, and nore preferably |ess
t han about 40: 1. The pore dianeter (al so soneti rres referred to as effective

pore dianeter) can be r ed -usj dard adsorption,techni gue

hydr ocar bonaceous conﬁ'ﬁ%ﬁ%&? %’@/ﬂgﬁﬁﬁqﬁ%ﬁh Elar?éf’?'% (fo%twgtcé)rnél CISé‘eleogfleck

Zeolite Mol gg ¢8d4oabey 2n bistock wiftPh BKGhe bed 014 (

1979), both o(?&jo\% gﬁ”ﬁn%oﬁ%@?a gﬁggg H?%)t;/e%rseogr evr%ce 11§0 C T 2002
~. Medi um pmlzeolsmczeatak;et comprisingta mlteewtlse;lorendmhfetqarcﬁ‘cttis ce O00f mtnhet a

present invention are described in "Atlas of Zeolite Structure Types". eds.
W H.  Mei ertesmer@iukg am‘@abmw@o&@mﬂtatamemldemtlrrrcﬁt:%dhmﬁbobtnl 1992,

whi ch is hereby i n or at ed ference. medi um ore Si ze zeolites
general |y h%qF@nQSp %ﬁ%ré H‘rpgﬁ?‘?&ﬁ U rStQUVFb’h]atlSlStf‘?mf?tf &ﬁ‘ae(i’”r?cl ude for
exanpl e, Ty e
zeolites (I @%’ﬁ%@%%%ﬂﬁgo’tw Ulg( at ur??518 @ ntga@%gr/r%l es
of such nedhiyReRofsR c%h%&tﬁt%’djdr@éarbbﬁ&dééﬂ@ fge'ﬂyto%ks &dkeh o?téﬁ/h%re ZSM 23,
ZSM 34, ZSM 35, ZSM 38 , Silicalite, and silicalite 2. The
nmost preferpmdiulcsdBfism:ﬁqtm@t‘ﬂauﬂtfa:edsttedmmthepresnmtﬁ &a B&MeSt cattNyst. 3, 702, 886
and 3,770,614. ZSM 11 is described in U S. Patent No. 3,709,979; ZSM 12 in
U S. Patent No. 3,832,449; ZSM 21 and ZSM 38 in . Pat ent. \ 948, 758;
ZSM23 in U S. Patent Awoblﬁf@mhegﬂlzt IngMQ zengé%effrhpt@ Ctslﬂést‘%%N? tnits
4,0l 6, 245. t eference.

. @I thaﬁ{tggid&ﬁeéﬁ WP G ?{) c1f‘19%9 a{i}%’t %%ﬁgcg'% fldkilYze

QO her suita porersize zeo es rn

silicoal um ﬁmﬁeﬂateada%ﬂo}weﬁtﬂdﬁs lfﬁAa@a sehdlaFAPEN1Be whiiehined to
described in U S. Patent No. 4,440,871; chrormS| licates; galliumsilicates;
iron silicates; alum num phosphates (ALPO), such as ALPO 11 described in
U.S. Patent No. 4,310, 440; titanium alum nosilicates (TASO, such as

TASO 4~ described in EP-A No. 229, 295; boron silicates, described in U S.
Pat ent No. 4, 24,297; titanium alum nophosphates (TAPO), such as TAPO 11
described in U S. Patent No. 4,500,651; and iron alumnosilicates. In one
enbodi ment of the present invention the Si/Al ratio of said zeolites is
great er than about 40 The rredl um pore. 5| ze zeoI i tes can |ncI ude

oy o " - " Y r 1 1




110CT 2002 - 14 Exanples 1-12 - ~' The foll owi ng-exanpl es ”lﬁz:\d@tﬁ
the criticality of process operating conditions for maintaining c ]

- grade propylene purity with sanples of cat naphtha cracked over ZCAT-40 (a
catal yst that contains ZSM5) which had been steaned at 1500 F for 16 hrs
to sinmulate conmercial equilibrium Conparison of Exanples 1 and 2 show
that increasing Cat/Q1l ratio inproves propylene yield, but sacrifices
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stripping zone, a catalyst regeneration zone, and a fractionation zone,
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hydrocarbon feed after the coke material has been removed. Preferably, the coke is

removed from the catalyst in a regenerator vessel by combusting the coke from the
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catalyst. Preferably, the coke is combusted at a temperature of about 900-1400°F v

and a pressure of about 0-100 psig. After the combustion step, the regenerated

catalyst is recycled to the riser for contact with additional hydrocarbon feed.

The catalyst which is used in the first stage of this invention can be
any catalyst which is typically used to catalytically "crack" hydrocarbon feeds. It
is preferred that the catalytic cracking catalyst comprise a crystalline tetrahedral
framework oxide component. This component is used to catalyze the breakdown
of primary products from the catalytic cracking reaction into clean products such as
naphtha for fuels and olefins for chemical feedstocks. Preferably, the crystalline
tetrahedral framework oxide component is selected from the group consisting of
zeolites, tectosilicates, tetrahedral aluminophophates (ALPOs) and tetrahedral
silicoaluminophosphates (SAPOs). More preferably, the crystalline framework

oxide component is a zeolite.

Zeolites which can be employed in the first stage catalysts of the
present invention include both natural and synthetic zeolites with average pore
diameters greater than about 0.7 nm. These zeolites include gmelinite, chabazite,
dachiardite, clinoptilolite, faujasite, heulandite, analcite, levynite. erionite, sodalite.
cancrinite, nepheline. lazurite, scolecite, natrolite, offretite, mesolite, mordenite,
brewsterite, and ferrierite. Included among the synthetic zeolites are zeolites X, Y,
A.L,ZK-4,7ZK-5,B,E,F, H,J,M, Q, T, W, Z, alpha, beta, and omega, and USY

zeolites. USY zeolites are preferred.

In general, aluminosilicate zeolites are effectively used in this
invention. However, the aluminum as well as the silicon component can be
substituted for other framework components. For example, the aluminum portion
can be replaced by boron, gallium, titanium or trivalent metal compositions which

are heavier than aluminum. Germanium can be used to replace the silicon portion.

The catalytic cracking catalyst used in the first stage of this invention

can further comprise an active porous inorganic oxide catalyst framework
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component of the catalyst is held together by use of an inorganic oxide matrix

component.

The active porous inorganic oxide catalyst framework component
catalyzes the formation of primary products by cracking hydrocarbon molecules
that are too large to fit inside the tetrahedral framework oxide component. The
active porous inorganic oxide catalyst framework component of this invention is
preferably a porous inorganic oxide that cracks a relatively large amount of
hydrocarbons into lower molecular weight hydrocarbons as compared to an
acceptable thermal blank. A low surface area silica (e.g., quartz) is one type of
acceptable thermal blank. The extent of cracking can be measured in any of
various ASTM tests such as the MAT (microactivity test, ASTM # D3907-8).

Compounds such as those disclosed in Greensfelder, B. S., et al., Industrial and

Engineering Chemistry, pp. 2573-83, Nov. 1949, are desirable. Alumina, silica-

alumina and silica-alumina-zirconia compounds are preferred.

The inert catalyst framework component densifies, strengthens and
acts as a protective thermal sink. The inert catalyst framework component used in
this invention preferably has a cracking activity that is not significantly greater than
the acceptable thermal blank. Kaolin and other clays as well as a-alumina. titania,

zirconia. quartz and silica are examples of preferred inert components.

The inorganic oxide matrix component binds the catalyst
components together so that the catalyst product is hard enough to survive
interparticle and reactor wall collisions. The inorganic oxide matrix can be made
from an inorganic oxide sol or gel which is dried to "glue" the catalyst components
together. Preferably, the inorganic oxide matrix will be comprised of oxides of
silicon and aluminum. It is also preferred that separate alumina phases be
incorporated into the inorganic oxide matrix. Species of aluminum oxyhydroxides-

g-alumina. boehmite. diaspore, and transitional aluminas such as a-alumina, b-
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employed. Preferably, the alumina species is an aluminum trihydroxide such as
gibbsite, bayerite, nordstrandite, or doyelite. The matrix material may also contain

phosphorous or aluminum phosphate.

A naphtha boiling range fraction of the product stream from the fluid
catalytic cracking unit is used as the feedstream to a second reaction stage to
selectively produce C, to C4 olefins. This feedstream for the second reaction stage
is preferably one that is suitable for producing the relatively high C,, C;, and C,
olefin yields. Such streams are those boiling in the naphtha range and containing
from about 5 wt. % to about 35 wt. %, preferably from about 10 wt. % to about
30 wt. %, and more preferably from about 10 to 25 wt. % paraffins, and from
about 15 wt. %, preferably from about 20 wt. % to about 70 wt. % olefins. The
feed may also contain naphthenes and aromatics. Naphtha boiling range streams
are typically those having a boiling range from about 65°F to about 430°F,
preferably from about 65°F to about 300°F. Naphtha streams from other sources
in the refinery can be blended with the aforementioned feedstream and fed to

this second reaction stage.

The second stage is performed in a process unit comprised of a
reaction zone, a stripping zone, a catalyst regeneration zone. and a fractionation
zone. The naphtha feedstream is fed into the reaction zone where it contacts a
source of hot, regenerated catalyst. The hot catalyst vaporizes and cracks the
feed at a temperature from about 500°C to 650°C, preferably from about 500°C
to 600°C. The cracking reaction deposits carbonaceous hydrocarbons, or coke,
on the catalyst, thereby deactivating the catalyst. The cracked products are
separated from the coked catalyst and sent to a fractionator. The coked catalyst is
passed through the stripping zone where volatiles are stripped from the catalyst
particles with steam. The stripping can be preformed under low severity
conditions in order to retain adsorbed hydrocarbons for heat balance. The

stripped catalyst is then passed to the regeneration zone where it is regenerated
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preferably air. Decoking restores catalyst activity and simultaneously heats the
catalyst to, e.g.. 650°C to 750°C. The hot catalyst is then recycled to the reaction
zone to react with fresh naphtha feed. Flue gas formed by burning coke in the
regenerator may be treated for removal of particulates and for conversion of
carbon monoxide, after which the flue gas is normally discharged into the
atmosphere. The cracked products from the reaction zone are sent to a
fractionation zone where various products are recovered, particularly C,, Cs, and

C, fractions.

While attempts have been made to increase light olefins yields in
the FCC process unit itself, the practice of the present invention uses its own
distinct process unit, as previously described, which receives naphtha from a
suitable source in the refinery. The reaction zone is operated at process
conditions that will maximize C, to C, olefin, particularly propylene. selectivity
with relatively high conversion of Cs+ olefins. Catalysts suitable for use in the
second stage of the present invention are those which are comprised of a
crystalline zeolite having an average pore diameter less than about 0.7
nanometers (nm), said crystalline zeolite comprising from about 10 wt. % to
about 50 wt. % of the total fluidized catalyst composition. It is preferred that the
crystalline zeolite be selected from the family of medium pore size (< 0.7 nm)
crystalline aluminosilicates, otherwise referred to as zeolites. Of particular
interest are the medium pore zeolites with a silica to alumina molar ratio of less
than about 75:1, preferably less than about 50:1, and more preferably less than
about 40:1. The pore diameter (also sometimes referred to as effective pore
diameter) can be measured using standard adsorption techniques and
hydrocarbonaceous compounds of known minimum kinetic diameters. See
Breck, Zeolite Molecular Sieves, 1974 and Anderson et al., J. Catalysis 58, 114

(1979), both of which are incorporated herein by reference.
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eds. W. H. Meier and D.H. Olson, Butterworth-Heineman, Third Edition,
1992, which is hereby incorporated by reference. The medium pore size
zeolites generally have a pore size from about 5A, to about 7A and include
for example, MFI, MFS, MEL, MTW, EUO, MTT, HEU, FER, and TON
structure type zeolites (IUPAC Commission of Zeolite Nomenclature). Non-
limiting examples of such medium pore size zeolites, include ZSM-5, ZSM-
12, ZSM-22, ZSM-23, ZSM-34, ZSM-35, ZSM-38, ZSM-48, ZSM-50, silicalite,
and silicalite 2. The most preferred is ZSM-5, which is described in U.S. Patent _
Nos. 3,702,886 and 3,770,614. ZSM-11 is described in U.S. Patent No.
3,709.979; ZSM-12 in U.S. Patent No. 3,832,449; ZSM-21 and ZSM-38 in U.S.
Patent No. 3,948,758; ZSM-23 in U.S. Patent No. 4,076,842; and ZSM-35 in
U.S. Patent No. 4,016,245. All of the above patents are incorporated herein by
reference. Other suitable medium pore size zeolites include the
silicoaluminophosphates (SAPO), such as SAPO-4 and SAPO-11 which is
described in U.S. Patent No. 4,440,871; chromosilicates; gallium silicates; iron
silicates; aluminum phosphates (ALPO), such as ALPO-11 described in U.S.
Patent No. 4,310,440; titanium aluminosilicates (TASO), such as TASO-45
described in EP-A No. 229.295:; boron silicates, described in U.S. Patent No.
4.254,297; titanium aluminophosphates (TAPO), such as TAPO-11 described in
U.S. Patent No. 4,500,651; and iron aluminosilicates. In one embodiment of the

present invention the Si/Al ratio of said zeolites is greater than about 40.

The medium pore size zeolites can 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. Patent 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 with
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physical admixtures of zeolites in which distinct crystals of crystallites of
different zeolites are physically present in the same catalyst composite or

hydrothermal reaction mixtures.

The catalysts of the second stage of the present invention are held
together with an inorganic oxide matrix component. The inorganic oxide matrix
component binds the catalyst components together so that the catalyst product is
hard enough to survive interparticle and reactor wall collisions. The inorganic
oxide matrix can be made from an inorganic oxide sol or gel which is dried to
"glue" the catalyst components together. Preferably, the inorganic oxide matrix is
not catalytically active and will be comprised of oxides of silicon and aluminum.
It is also preferred that separate alumina phases be incorporated into the inorganic
oxide matrix. Species of aluminum oxyhydroxides-g-alumina, boehmite, diaspore,
and transitional aluminas such as a-alumina, b-alumina, g-alumina, d-alumina, e-
alumina, k-alumina, and r-alumina can be employed. Preferably, the alumina
species is an aluminum trihydroxide such as gibbsite, bayerite, nordstrandite, or

doyelite.

Preferred second stage process conditions include temperatures
from about 500°C to about 650°C, preferably from about 525°C to 600°C:
hydrocarbon partial pressures from about 10 to 40 psia, preferably from about 20
to 35 psia; and a catalyst to naphtha (wt/wt) ratio from about 3 to 12, preferably
from about 4 to 10, where catalyst weight is total weight of the catalyst
composite. It is also preferred that steam be concurrently introduced with the
naphtha stream into the reaction zone, with the steam comprising up to about 50
wt. % of the hydrocarbon feed. Also, it is preferred that the naphtha residence
time in the reaction zone be less than about 10 seconds, for example from about
1 to 10 seconds. The above conditions will be such that at least about 60 wt. %
of the Cs+ olefins in the naphtha stream are converted to C4- products and less
than about 25 wt. %. preferably less than about 20 wt. % of the paraffins are

converted to C4- products, and that propylene comprises at least about 90 mol %.
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preferably greater than about 95 mol % of the total Cs reaction products with the =
weight ratio of propylene/total C;- products greater than about 3.5. It is also
preferred that ethylene comprises at least about 90 mol % of the C, products,
with the weight ratio of propylene:ethylene being greater than about 4, and that
the “full range” Cs+ naphtha product is enhanced in both motor and research
octanes relative to the naphtha feed. It is within the scope of this invention that
the catalysts of this second stage be precoked prior to introduction of feed in
order to further improve the selectivity to propylene. It is also within the scope
of this invention that an effective amount of single ring aromatics be fed to the
reaction zone ot-‘-said second stage to also improve the selectivity of propylene vs
ethylene. The aromatics may be from an external source such as a reforming
process unit or they may consist of heavy naphtha recycle product from the

instant process.

The first stage and second stage regenerator flue gases are
combined in one embodiment of this invention, and the light ends or product
recovery section may also be shared with suitable hardware modifications. High
selectivity to the desired light olefins products in the second stage lowers the
investment required to revamp existing light ends facilities for additional light
olefins recovery. The composition of the catalyst of the first stage is typically
selected to maximize hydrogen transfer. In this manner, the second stage
naphtha feed may be optimized for maximum C,, C;, and C, olefins yields with
relatively high selectivity using the preferred second stage catalyst and operating
conditions. Total high value light olefin products from the combined two stages
include those generated with relatively low yield in the first stage plus those

produced with relatively high yield in the second stage.

The following examples are presented for illustrative purposes

only and are not to be taken as limiting the present invention in any way.
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Examples 1-12 - >

The following examples illustrate the criticality of process
operating conditions for maintaining chemical grade propylene purity with
samples of cat naphtha cracked over ZCAT-40 (a catalyst that contains ZSM-5)
which had been steamed at 1500 F for 16 hrs to simulate commercial
equilibrium. Comparison of Examples 1 and 2 show that increasing Cat/Qil
ratio improves propylene yield, but sacrifices propylene purity. Comparison of
Examples 3 and 4 and § and 6 shows reducing oil partial pressure greatly
improves propylene purity without compromising propylene yield. Comparison
of Examples 7 and 8 and 9 and 10 shows increasing temperature improves both
propylene yield and purity. Comparison of Examples 11 and 12 shows
decreasing cat residence time improves propylene yield and purity. Example 13
shows an example where both high propylene yield and purity are obtained at a
reactor temperature and cat/oil ratio that can be achieved using a conventional

FCC reactor/regenerator design for the second stage.
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TABLE 1
Feed Temp. Oil Res. Cat Res. Wt % Wt.% Propylene
Example Olefins, wt% °C Cat/Qil Oilpsia Time, sec Time, sec [oFY Cy Purity, %
l 38.6 566 4.2 36 0.5 43 114 0.5 95.8%
2 38.6 569 8.4 32 0.6 4.7 12.8 0.8 94.1%
3 222 510 88 18 1.2 8.6 8.2 11 88.2%
4 222 511 9.3 38 1.2 5.6 6.3 1.9 76.8%
5 38.6 632 16.6 20 1.7 9.8 16.7 1.0 94.4%
6 38.6 630 16.6 13 1.3 7.5 16.8 0.6 96.6%
7 222 571 53 27 0.4 0.3 6.0 0.2 96.8%
8 222 - 586 5.1 27 0.3 0.3 7.3 0.2 97.3%
9 222 511 93 38 1.2 5.6 6.3 1.9 T 76.8%
10 222 607 9.2 37 1.2 60" 10.4 22 82.5%
11 22.2 576 18.0 32 1.0 9.0 9.6 4.0 70.6%
12 22.2 574 18.3 32 1.0 2.4 10.1 1.9 84.2%
13 38.6 606 8.5 22 1.0 7.4 15.0 0.7 95.5%
Table 1 Continued
Ratio of C;~ Ratio of C5~
Example Wt. % Cy" Wt %Cy 10GCy to Cy Wt. % C;°
I 2.35 2.73 4.9 4.2 if4
2 3.02 3.58 4.2 3.6 12.8
3 2.32 2.53 3.5 3.2 8.2
4 32.16 2.46 29 2.6 6.3
5 6.97 9.95 24 1.7 16.7
6 6.21 8.71 2.7 1.9 16.8
7 1.03 164 5.8 3.7 60
8 1.48 2.02 4.9 3.6 7.3
9 2.16 2.46 2.9 2.6 6.3
10 5.21 6.74 2.0 1.5 10.4
1 4.99 6.67 1.9 1.4 9.6
12 4.43 6.27 23 1.6 10.1
13 4.45 5.76 33 2.6 15.0

Cg. = CH4 + C3H4 + CgH(,

The above examples (1,2,7 and 8) show that C;/C,” >4 and

C;7/Cy” > 3.5 can be achieved by selection of suitable reactor conditions.
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Examples 14-17 ~ ’ -

The cracking of olefins and paratfins contained in naphtha streams
(e.g. FCC naphtha, coker naphtha) over small or medium pore zeolites such as
ZSM-5 can produce significant amounts of ethylene and propylene. The
selectivity to ethylene or propylene and selectivity of propylene to propane
varies as a function of catalyst and process operating conditions. It has been
found that propylene yield can be increased by co-feeding steam along with cat
naphtha to the reactor. The catalyst may be ZSM-5 or other small or medium
pore zeolites. Table 2 below illustrates the increase in propylene yield when 5
wt. % steam is cc;-fed with an FCC naphtha containing 38.8 wt. % olefins.
Although propylene yield increased, the propylene purity i‘s diminished. Thus.
other operating conditions may need to be adjusted to maintain the targeted

propylene selectivity.

TABLE 2
Steam Temp. Oil Res.  Cat Res. Wit% Wt% Propylene
Example Co-feed C Cat/Oil Oil psia Time, sec Time, sec Propylene Propane Purity. %
14 No 63 8.7 18 0.8 8.0 1.7 0.3 97.5%
15 Yes 631 8.8 22 1.2 6.0 13.9 0.6 95.9%
16 No 631 87 18 0.8 7.8 13.6 0.4 97 1%
17 Yes 632 8.4 22 1.1 6.1 14.6 0.8 94.8%
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f) recycling the hot catalyst particles to the reaction zone.

2. The process of claim 1 wherein the crystalline zeolite is selected from the

group consisti-r;g of ZSM-5 and ZSM-11.

3. The process of claim 2 wherein the reaction temperature is from about 500°C
to about 600°C.

4. The process of claim 3 wherein at least about 60 wt. % of the Cs + olefins in
the naphtha boiling range feedstock is converted to C4- products and less than

about 25 wt. % of the paraffins are converted to C4- products.

~’ 5. The process of claim 4 wherein propylene comprises at least about 95 mol.%

of the total C; products.

6. The process of claim 5 wherein the weight ratio of propylene to total C,-

products is greater than about 3.5.

7. The process of claim 1 wherein the large pore zeolitic catalytic cracking catalyst of
the first stage is selected from the group consisting of gmelinite, chabazite,
dachiardite, clinoptilolite, faujasite, heulandite, analcite, levynite, erionite, sodalite,
cancrinite, nepheline, lazurite, scolecite, natrolite, offretite, mesolite, mordenite,
brewsterite, ferrierite and the synthetic zeolites X, Y, A, L, ZK-4, ZK-5,B,E,F, H, J,
M, Q, T, W, Z, alpha, beta, and omega, and USY.

8. The process of claim 7 wherein the large pore zeolitic catalytic cracking catalyst is a

USY zeolite.
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