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PROCESS FOR SELECTI VELY PRODUCI NG LI GHT OLEFINS IN A FLUI D CATALYTI €I 0CT 2007
‘CRACKI NG PROCESS FROM A NAPHTHA/ STEAM FEED FI ELD OF THE | NVENTI ON The

_ present i nWOtMBTO8sEl ates to a process f i y produ@icrgusss/osssea
olefins froma catalytically cracked or aﬂmmmmmmﬂ cked naphtha stream A
m xture of the naphtha streamand a streamof steamis feed into a reaction

zone where it is contacted with a catal yst cort & ni ng fromabout 10 to 50

w.%of a crystalline zeolite having an average pore dianeter |less than _

about 0.7 nanonBREOGCESS FOR OO Y PROAD GO TNGe IJGHTeObd BINSes from

about 500 to 6500MdFL A TALNTIEC RN CRIBG WROCEKSS #FROM W to 40

psi a. BACKGROUND OF THE | NVENT'IWPF"FHWS@‘ET&M ke pm ssions fuels has

created an increased demand for TT1gh ins tor use in alkylation,

ol i goneri zation, MIBE and ETBE synthesis processes. In addition, a |ow cost

supply of light ol efins. 1parti cularly propylene, continues to be in demand
to serve as MMM& particul arly pol ypropyl ene
production. Fixed bed processes for |ight paraffin dehydrogenation have
recently attracted rengwed interest.for increasi n(? ol,efirfcgro uction..
However. these types ofiPISEEIJBYERGNN TEIHEY 1Q B EOTSSS (O SRRy Progising
capital investren I i § i

aavant ageouc T o nerDs (4L e FRalDHE) CRELRL BPuiRTIally crhohel AFNEL i fam.
relatively syaliktgapiftied naphihs streah.ankdta yweedm of etaadi s feud afidoya Adeebhageous
to increase olefin yield in catalytic cracking processes. U S. Patent No.
4.830, 78 di wnomraltflLswpdta@émawyti/\iaccztsalafek¢¢rga(rllx|¥g:00)n abogt khea 50 svidpetat ed

to maxim ze ol efiH. roduyction. The FCC unit J]as t se arabe r'ﬁers into.
whi ch a di 1 Prarialliecerolits bahineat ayerags perg dlametes JeRahan AbeK e risers i s
desi gned so | : R * ] ~ 1
aor 2002 wordrerdus iR HERSPhRLKES nthich ifgbab PR Sirks FontABAT00 T,
sui tabl e cal6a0yStandid hy dotarbBniarthl preddusbfivim abeut 1U e, feed in the
other riser. Conditions within the heavy gas oil riser can be nodified to
maxi m ze either asolbne or ol efi ducti on. The primary nmeans of

maxi m zi ng B4 f B T EYIENNONt i s by using a specified
catalyst. Also, U S. Pat. No. 5.02b,936 to Arco teaches a process for the
preparation of propylepe fro or_hi gher .fee ) ombi nat i qn, of

cracki ng and net at hes?@%%ﬁoﬁ?wg%ﬁsgﬁgﬁ ﬁﬁ?%?’%ﬁﬁi{e@g#?rﬁ]%Cfg%ﬁggdje%anporm
et hyl ene an ; x a5t i 1

et At hosi oqC) QEnYoRRs 1auscin dIRgRlioh SRdhezilor MTBEMAELTRE | 921 and
5,043;522. Uyhthebhtmotedsos. n Additidn6a l@acbsissuppdy of tight blefinkhearcionlaglysi on
of a hydrocarbonaceous feedstock by contacting the feedstock wth a noving
bed of a zedIrppyleneagaatipges tohpin demgnd to senvietas fgpdsioek fumolrelghat er of 0.3
to 0.7 nm at _a teﬂger?ture ﬁbove gb ut 500C and at a residence tine |ess
than about PITUEHBHEDOTHIEPY IO AredYOBuced with relatively little

satur ated gaseous hydrocarbons being fornmed. Also, U S Patent No. 3,928,172
to Mobil teaches a proggss bkpr6QRYE for MEh peFFHATRAPALRLRHEL bR BEHEE OCkS
wherein ol efins are produced by reacting said feedstock 1 n the presence of
a GSM 6 cat akyaitly #tjactd remrewat énterest for incrdsmigngleih efrodugsrard udbevevsi.ng FCC
units

Su

these types of processes typicallv require relatively large capital investments as
well as high operating costs. It is therefore advantageous to increase olefin yield
using processes. which require relatively small capital investment. It would be

particularly advantageous to increase olefin vield in catalytic cracking processes.

U.S. Patent No. 4.830,728 discloses a fluid catalytic cracking
(FCC) unit that is operated to maximize olefin production. The FCC unit has
two separate risers into which a different feed stream is introduced. The

operation of the risers is designed so that a suitable catalyst will act to convert a

LR

*G00002*



is that the process depends on a specific catalyst balance to ITB.XI ﬁ]&
- production of |ight olefins while also achieving high conversion of ﬁ 12002
~343C plus feed conponents. In addition, even if a specific catalyst bal ance
~ can be- mai weimatosso nmaxi m ze overal | ol efin producti on) ol efigrs®besisoVvity
is generally |l ow due to undesirable side reactions, such as extensive -
cracking, isonerization, aromatization and, hydrogen transfer reactions.

Li ght saturated gases produced from undesitable side reactions result in

i ncreased cqsts to recover. the desiraple I,ig t olefins., Therefore, it

desirabl e t AeRHXi% 28 1914 HiseTagd Anotagr Ssuia véeleygtswtlha@ttmrawsaammgh

2002 v 901 b8 maBndeoS 18 MRkl BRritfontay mgﬁﬁ%ﬂ%&hﬂmﬁmgem

i nvention t hpeyd HoB[fRd @eﬂaﬁuﬁfz‘écé?ﬁl%rﬁv%olH%eors@lEﬁﬁgirH@u&fd}ﬂu‘Fhé APy Gt
C~ ol efins which conprises feeding a catalytically t her mal | acked

napht ha f eedataskofaaakmnizimgprahetionrd theadestaf prsluan st ezar’rmanstpecﬂled

reaction zone and reacting the naphtha with a catal yst containing 10 to 50
~. ~rt.% of #akysitalline zeolite having an average pore dianeter |ess than
about 0.7 nmat conditions including a tenperature from about QO to 650C

fim of 1 to 10 secondasoatiaPRan yeP24rd BudreSiambhers Bhatres 55 6ei o,
wherei n no :H?gﬁarﬁgaﬁ.oﬂg?‘ﬁ\{lgge ‘ﬁfon(@forﬁﬁ%ﬁédffegés By @ ot 1ﬁ5{18ﬁ of Qra@kﬁ'{é ns.

In a prefer here I's provi a protess for selective

produci ng Candanétathegiseivhetein mhahmgrhrechydrmnrﬁorpmrmml&eldoqbrm dtRaieht @ndzone,
a stripping zonel) and a catal yst regeneration zone. The naphtha streamis

cont act ed i rpropelepeasdiad heazséﬁ@omm eh tlecbﬁhalermg 19 mﬁé@thngeétt@py@m lene.
preferably i a@g pl The. i sed of a zeolite
havi ng an a\%te ¥ o$lelgi :bt‘)gf g";n %@)ét m and wherein the
reaction zone i s operat ed at a terrperature from about 500 to 6500 a

hydr ocarbon partial pressueiNgOs bBo 49cREichesd HSELATRE BYCERALIBALE AL | e

of 1 to 10 seconds, and a cafalyst to feed ratio to 10. wherein

no nore t hamﬁlbmﬂrbaﬁawougfofaédsp@dlaw contaatigg cenfedsedk vaitlohehoviag ted of
preferred enbodi nent of the present invention the crystalllne zeolite is

sel ected frdniadhisicZaralysl ¢arsprisinganendiise withed ef)rea@lammonfn%ntm@r 7pheata

present invention the catalyst M5 type catal yst till another
preferred ertBBHEFAHES Qﬁovﬁrﬂ?%‘ﬁégén&l a|“a\i’é|"‘i’trle e’t‘?Fe“F’@ ‘@’GHE 49 ns about

ol ctins. " FeORRC f%%@l?%%%ﬁﬂE%ﬁ%@é&f%%@é%‘rﬁe@sm’ o

hydrocarbons being formed. Also, U.S.Patent No. 3,928,172 to Mobil teaches a
process for converting hydrocarbonaceous feedstocks wherein olefins are

produced by reacting said feedstock in the presence of a ZSM-5 catalyst.

A problem inherent in producing olefin products using FCC units
is that the process depends on a specific catalyst balance to maximize production
of light olefins while also achieving high conversion ot the 343°C plus feed
components. In addition. even if a specific catalyst balance can be maintained to
maximize overall olefin production. olefin selectivity is generally low due 10
undesirable side reactions, such as extensive cracking, isomerization.
aromatization and hydrogen transfer reactions. Light saturated gases produced
from undesirable side reactions result in increased costs to recover the desirable
light olefins. Therefore. it is desirable to maximize olefin production in a

process that allows a high degree of control over the selectivity to C, - C, oletins.



In yet another preferred enbodi nent of the present invention the reaction
. zone is operated at a tenperature from about 525C to about 600C. DETROLEIS(Z
~DESCRI PTI ON OF The | NVENTI ON Feedstreans which are suitable for producing
_the relatively high C2, C3, and Ca olefin yields are those streans boiling
in the naphwieporsassge and containing fromabout 5 w.%to abowCTABIMSSHY -
preferably fromabout 10 wt.%to about 30-wt.% and nore preferably from
about 10 to 25 wt. % paraffins. and from about 15 wt.% preferably from
about 20 wt % QU Ol" IR The feed may al so contain L e
napht henes a&MMARY QK THEINKWENHON,g ange streams are typically those
havi ng a boiling range from about 18C to about 221 C, preferably from about

18C to about 149C  They RoRMRA- LARHGE LSt TRIYIGRTACKSY Hviicay

catal ytically cracked nap eams can be deriv

appr opri at epfeuess for theseR¥ AP bPodudiidn S0, RECHBIdMRAVAICAMIMIS idek Yb&ling
catalytic cracking (FCC) of gas oils and resids, or they can be derivéd

f rom del ayed catalyticdlly aothierrgaldy crakiedsiaphtha feegstetie corainingtpatdfineaplt ha
streans used in the practice of the present invention be derived fromthe
fluid catal plefnsangdciteaty ipio ZERACHPN ZORRANASEIYNE BacRPREPhYHAS eatalyst

typically rich in olefi ang/ ok di ins a rel.atively lean in,.

par af fins. ‘fﬂ%taHPBgé?smggf% ‘tvﬂé BF&C tﬁﬁm&qf)ﬂgﬁnhz}vgn%éxpfag¥% W{eglﬁpg{%ss
unit conpri I QaMiti (el 2000
regenerati oﬁ&géﬁ@ Q%é\lgq? ?‘ ?g%ttzl onaltttllércl)flﬁ{z‘%lﬁgbg%r}éﬂﬁgw?‘%ﬁ?g{e@%ebgr% }% fed
into the reas0tOn Epdrecasbond phrkhlupresire nd[lottbat Capuda St BpdRocwdnaresideaont act s
a source of hot, regenerated catal yst. The hot catal yst vaporizes and

cracks the tigegiohl t@ 1Psapends: and afqagty sidedeed 00® ebaBBOE toptGbiveherbinné r om
bout 525C to 60QC. Th i ti d it
ﬁyglrjocar bong?orSrtR%Rléo,lﬁoﬁj‘%ﬁg)" gg?éﬁ?@flé g?%%‘?’@%%"ef]zg%?‘%@g{)?ﬁgoﬁe cat al yst.

The cracked products are separated fromthe coked catal yst and sent to a
fractionator. The cokgf yGabRin&f embolig&fdhéferio %iBE&aﬁ%b@s@'fﬂg zone where
voi atiles are stripped fromthe catal yst particles wth steam 110CT
2002 WO 99/ 5¢1k8hvaIgTINEA8¢ a8 9600 ¢4 olElfi|s sh mipypeesy undtncdmppsaf of areshetinder | ow
severity conditions in order to retain " adsorbed hydrocarbons for heat

bal ance. Th&oBtsa PHPRIRRIAN dndiacaHypt 18588 ation zoRe Thgewehtia Breampife

where it is regenerated by burning coke on the catalyst,in th r.esence of
an_oxygen cSRUHCHE Gaaeicy oy APl NI oM el e Of S8yl pre BB S5 16
activity anc{hﬁaméhtsaﬁ@.oqﬁlexa tSs bbRprRbabY atzebRie &@n%aﬁ‘%@&atgg porC. The
hot catalyst Is then recycled 1o the reaction zone to react w tth fresh
napht ha f eediiamktés ofdsssfthanraboury).Bunniangd wimkeini the téutivagomeriaboperated/ ate

treated for removal of partucul ates and for conversion of carbon nonoxi de,
after whi ch temgeratuee Fom aboupdPaalg $SHCs @lridgecnrban paxtid PaessHEpRkI@ to Fhe

ey e arT o Pk PN B W S E RS sl 4 BRBDRTR 2] g0
fraction ri "db%uPb%il'@.swh%rgn?igggo?é%hia%'&ufﬁ@'@vti.% cﬁ"lﬁfrélffﬁrs O goRvY  of

steam co-fed wth the napht streamw || typically be in the range of

about 10 to t3d%fefimd.. % preferably from about ?5 to 150 nol.% steamto

napht ha. Wile attenpts have been nmade to increase light olefins yields in

the FCC process unit itself, the practice of the present invention uses its

own distinct process uliia preigrred embodangnigeltheinsesent yeasiondaecistaliaght ha

froma suitabl sourﬁe i n.the r%%ﬂ?é’r' The reaction zone is operated at
Hhs I

process conditiint 3¢ ec&frppx "to C4 olefin, particularly

propyl ene, selectivity with relatively high conversion of C + olefins.
Catal ysts suitabl e forypgehér pleferbédembeaiméntidfahepesent idvevabhitgn are

t hose which are conprised of a crystalline zeolite having an average pore
di anet er | essatalyanisabo®M-6.tVpoamalysters (nn), said crystalline zeolite
conprising fromabout 10 wt.%to about 50 wt % of the total tluidized

catal yst conposition. Jt is preferred that the crystalline zeolite b

sel ected fromthe fani {%/Stb‘fa%‘g‘?&ﬁ{ grred smbpdimen (_)f7t%ﬁr5rem§@\éqqt;qgletle

al um nosi i cates. pther-w farr Q [ ; B GHIA ot o

i nterest ar eﬁeteﬁgoﬁg(gf)ﬁ{%l%!oﬁm%ggﬁotgg“{i/ﬁ/f ﬁﬁgﬁgﬁ%ia&@s‘t{ %rgaalblj%%li ﬁgqﬁoﬁa\rv t'r/° atio
of less thangplpeyt 75:1 preferably less than about 50: | , and nore
preferably | ess than about 40:1. The 1 1 0 C T 2002




WO 99/57085 PCT/ US99/ 08960 -6 pore dianeter al so sonetines ref e”edﬁ(ﬁtﬁﬂﬂl
-effective pore dianeter_can be neasured using standard adsorption

-t echni ques and hydrocar bonaceous conpounds of known m ni num ki netic
_dianmeters. weaoBr@ek. Zeoli~~ ~~l ol ecul ar Sieves, 1974 and Apdghs9so®ke al - -
J. Catalysis 58) 1 14 (| 979). both of which are incorporated herein by
reference. Medium pore size zeolites that_gan be used in the practice ot~
the present invention are described in "Atl'as of Zeolite Structure Types",
eds. W H Meier and D.H .0 son, Butterworth-Heineman, Third Edition, |992,
whi ch is hereby incor pbh ¥ebanaijier prederast embormeriao fLihe poesens innensienthe es

general |y have ore size fromabout 5~. to about 7!~.and incl . for
dxamre. vt icagaeh 7ope 5 firorptls @ Kieeriars felRabawc 3R Sblet BB ype
zeolites (I UPAC Conm ssion of Zeolite Nonmenclature). Non-limting exanples
of such nedi ggggg? %g@ﬁlm@m @12 KONt 12, ZSM 22, ZSM 23,
ZSM 34. ZSI\/B?,E : ) G'P Iﬁs%d silicalite 2. The
nost preferred is ZSM~, which is described in U S. Patent Nos. 3.702, 886
and 3,770,6l 4. ZSML1 i Fedésoranbedhich dde Suitbaliecior pNeducdn g 2, RTAivelShdi? i n

U.S. Patent No. 3,832.449; ZSM21 and ZSM38 in U.S. Patent No. 3,948, 758:
ZSM 23 in U. €2 CatandiCaplefin ieklsguo thosg stresmspogiing inuths, naphitleay rangs and

015245 bbb DSARRLEPELTLS, B BB ARECB Ao, o Sluenpe

| i coal um nop t 0 4 G4l Lol Clae

descri bed i n%@m ateﬁ(ﬁs‘ﬁ@.@)%ﬁ%g{&gﬁp}?ﬁﬁ%ﬁ%a i]?gtgé'sj: Wéﬁ%@%’g%@gat es;
iron silicat@®m aboud It PhosieiahBl frémRBout 306kt BstoAbBRL 10de5% d1bfifls.i N

U S. Patent No. 4,310, 440; titanium alum nosilicates (TASO, such as )
TASO 4~ descilhbdeed magRigo Nontapppapshendsaindrareiaticat siphteskoilingdange U. S.
Patent No. 4.254.297: titanium agun:i no hOF hat es TAP%Fi s;élg{,} as, TAPOL |
descri bed i nSWEANS pig yRicaly, those Bayng 2 boiligg gange og) PR IS ¢ite&PYt | n one

areater thanboatannaoy S RGETRR B doths s G8kbbThe
riiedi um por ghepinaflyZeatiddesr £ amalyiiald@racked SiaphtialeSwadhdtxdaniesan bhi ch are

t hought to be the fesult of faults occurring ~. vithii~ the crystal or
crystalline deseed tnormgny hppropridtesiwcefior hxampld, itheyscarEhadptivsd tfom the
crystalline adm xtures of ZSM ~ d ZSM1 1 are disclosed in L, S, Patent
No. 4. 220, 42 Huihratalyite qrﬁ@snngﬁg&fZ@ﬁ&}'ﬁ aﬁ? fegidsr B8y cgndedeptvgditrors
adm xtures a ' ersSi | 4i 0, :

cont used v { HEBoR I nay 8 SaRTE o¥FeREs 1Sl e B ERHRRRaRE ARemiOuitiip o
crystal litesupf pdicfitebeie prrobittiaseich BN&d ¢l FonPARSHITY dafalifie cirn g
catal yst conposite or hvdrothernmal reaction m xtures. The catal ysts of the
present i nveof gasiods enthe¢sids.o§echsapmhahargnypivatlyamihcinodefies aad/or x
conponent. The iporgani ¢ oxide matriXx nponent bi nds the catal yst
conponent s t 8§deHBY a%‘é)rﬁlﬁré‘(e]ﬂ’ﬁéa%éﬁ%@ 031 oduct is hard enough to survive
interparticle and reactor wall collisions. The inorganic oxide matrix can
be made from an i norgani i i - \WALGRA I j . ’

cat al yat components {ogiracctR, e Bfceafit in¥ehiln iEplitafiicd o BloEss bR
catal yti cal | gogipkisk@ ofiadedétidn Bene anpiipsiad zohe OX caabysofegenktaiivm 2mé. and
alumnum It is also preferred that separate al um na phases be incorporated
into the i noadtitionesipuleonat Mihe. nagpthai feedssfeamt imfeduinto the reaction zone as a
oxyhydr oxi des- g- al ﬂ na boetg{gée, di aspore. and transi Hlonal al um Qas such
as a-al um naMiFtufe @hngahthg and sEas, WheLs 15 APRECISA PR /T het ApgeRaRated angd

r-alum na can_h oyed - ] Ci i - m num
e ey TEh KB FRS! BRlats anb Al eh PR T
matrix mat er gl igppoal ©% R0t BidTeRibRS HOAT AbsutoT2 REUBIGNOPT Phoritating
Preferred process conditions include tenperatures from about Q)OC t0o about

6~0C, pr ef er addcyiohrdepoabooarbtonaGaws deo@rbénydmocakbom therdatalyspthesshy es
fromabout 10 to 40 psia, preferably from about 20 to 3 ~ psia; and(g
catal yst to KEPEHVRINGINEwealYs (e rarkedgyeaustsiage separatsddremdhe ¢okedm

about 4 to 10 re.catal yst. ' i I C | yist
conposite. ltcafai\ﬂhsilagg 35?@}‘%% ﬁrggﬁ{)ﬂ%@r.s’fgéa%ggéd ggtlr% &ﬁsﬁa{s%g‘?.”}{? P%&Iﬁeed wth
the naphtha %Er‘i;?wgﬂﬂb 'th@ wHge volatilehrl s&ifire dfPoROlhe Q8 SR USRIAARDERamI
reacti on zone, th the steam conprising up to about ~D w.% of the
hydrocarbon feed. Also. it is preferred that the naphtha residence tine in
the reaction zone be | ess than about 10 seconds, for exanple from about |
to ! O seconds. The above conditions will be such that at |east about 60
wt."%of the CS+ olefins in the naphtha stream are converted to Ca-
products and | ess than about 2~ wt.% preferably |ess than about 20 w. % of

Y Y L e v ~ o N o o




110 CT 2002 WO 99/57085 PCT/ US99/ 08960 -9 Exanples 3 and 4 and ﬂﬁT (?002
~shows reducing oil partial- pressure "neatly inproves propylene purlltf/l
‘Wi t hout conprom sing propyl ene yield. Conparison of Exanples 7 and 8 and 9
and | O sho¥@ %/At8éasi ng tenperature i nproves both propyl ene peTaisdo/esydo
purity. Conparison of Exanples 1 1 and 12 shows decreasing cat residence
time inproves propylene yield and purity.sExanple 13 shows an exanpl e where
bot h hi gh propyl ene yield and purity are obtained at a reactor tenperature

and cat/oil o t.hat can- be:achi.eved a.conventional FECC -
react or ! reolher RN Saf 5% aor g WEED i srulus CRTTOROR ordgste ragn

99/ 57085 - Y T

Al edl of n%&mﬁh&ng}%&%opﬁglﬁagﬁ% TR S m&gp@?%a&@st RetheWpaled {0 YE

; _C ' | 38. 6Qe-régddEr@tibA z3ne WiercitUs regenerated by burning coke on the catalyst in

538. 65698. 4320. 64. 71 2. 80. 8322. 35108. 8181. 28. 31.1.7122. 251 19. 3381. 2~. 66. 31
9538. 6632 611'63(!@552@3811@“7(1\\@3383(@@301@ %31&”3&351)6&80 [Bra&igsFestores

t5.3270. 40. 36. 00, 2832. 258 | 270

37. 3U. 2922. Aldlyshagryiy sad B@Lﬁia’?ﬁ’ééli hegtsrgesawmlystde; o H3CIe 7P1§)3C28’>6I

8. 033! |

00531 08, B RoPylR2% ARERLBITAPl, AR MO SR BaBERRR, B8R o
C'to G tofded. Wue ¥ubfortdePy blithing 868kein the regenerator ma be treated for

1.4' ?3.033.584.23.6I2. 83" ~. 322. 533. %3 28.27.162. 463 92. GyG 35G 979 952.41 7I

6. 7GG 218. 7#6213(7\ra191f©a37¢u1®&$ agdZoBBoMEreish of@&ﬂnﬂﬂxﬁoﬂﬁxﬁﬂz after which the
393.162. 462, 93. 6G, 310i . 316. 7d?. 01. 510. 41 1d.99G 671. 91 49
Gl24. 43b. 278ug gagonarmaludischarged antgihe atppspiierend b Pwr@qked progugss teim

94. 1%88 2‘V 68%094 4% 96 6‘V§1 %r a % 76. 8% 82. 5% . 6% 84. 2% 95. 5%
C' = TEACtLOn gofy drement I HecHOAZHGREoNe hers ‘?afé‘?ﬂf %TOPO ERAF t hat C
- C - > &c@@&e&paﬁlﬁlarly 7 @ fraction2d A&rAG N & DY lcRlseahd g of
SU|tabIe react or conditions. . . ~ ~ ocr zoo2

fraction rich in olefins.

The amount of steam co-fed with the naphtha feedstream will
typically be in the range of about 10 to 250 mol.%. preferably from about 25 to

150 mol.% steam to naphtha.

While attempts have been made to increase light olefins vields 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 C4 olefin. particularly propylene. selectivity
with relatively high conversion of Cs+ olefins. Catalysts suitable for use in the
practice 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 catalyvst 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



- WD 99157085 PCT/ US99108960 Exanples 14 - 17 ~' The cracking of ob(ifnicrﬁﬂm
-and paraffins containedain naphtha streans (rr.~.. cat naphtha. coker

hapht ha) over small or nmedium pore zeolites such as ZSM ~ can produce

-si gni f t cantwamswsmigs of ethyl ene and propyl ene. The sel ecti Vi pyrhi 5;68I3¥ ene
or propylene and selectivity of propylene to propane varies as a ?unc I Qn
of catalyst and process operating conditigns. It has been found that

propyl ene yield can be increased by co-feeding steamal ong with cat napht ha
to the reactor., The c%ﬁ aI}yst mag be. ZSHh or ,@t‘her snmall or medium pore -
zeol i tes. TRUFSIINGEr B1SH SAMEHPFS TSRO 2R SHESHRE PRIGIBPIAEEN PRl d when™~
wt . % st eam | = M | i 9 i ns.

Al t hough pr@%?ﬁgﬁéﬁ%ng %&‘%‘égg‘gég‘g’%ﬂ%@ﬁ%ﬁ g@%ﬁ’?ﬁ g/b\éltnsé‘b gél)l(r?n§c ni shed.

Thus, ot hercAREH @ dsNEF IGRI HifBuBYineaedidhetess. St UBIRY. ZRoNRI Mo d/d/he
targeted propyl ene selectivity. TABLE 2 Steamlenp. G| Res. Cat

Res. W %N % 5iepss,  AébaadpledaysdreetddCal. (Gitalghis 58silaFi(h®79)s bolh nkyhich are
secPropyl enePropanePuyrity. ~14No_ 6308. 71 S0. 88. 0( 1.70.397

5~1~Yes 63| ggcorporaigdRcspndy. oAERES318. 7180. 87. 813. 60
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paraffins and fromabout |5 to 70 wt. % olefins and steaminto a reaction
zone and r elfeEi¢ramdt P n@pionhButietWwortheldtimbymn, Thntddiditiog. 1992.0vBi0hws . % of a
crystalline zeolite having an average pore dianeter |ess than about 0.7 nm
at conditi oesghye nrmﬂrngraaec? bripeliesenace Fheomed bon Pososize geelee geacylariayar bon

tial .of .10 to 40 i d id ti 1to 10
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wher ei n propylene conprises at [east 90 nol % of C~ products. 2.

The pr ocessCommissionm dlf Zdudite Norhéreclanme)ntN ofi-1ish @y dxaehpled of tieh meditini on
zone wWith the naphtha feedstock is fromabout 1 to 50 nol.% 3. The process

of claim 1 pRErsétazanides ijeude K- 76V b2, 65 MeP 2oL 8M-28 ofdMrd 478 ries.
£ e P oosee el ok B ehate) ol ety alLing e e st SieSy The
about  600C. zgM.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.
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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 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. ¢-
alumina, k-alumina. and r-alumina can be employed. Preferably. the alumina
species is an aluminum trihydroxide such as gibbsite. baverite, nordstrandite. or
doyelite. The matrix material may also contain phosphorous or aluminum

phosphate.

Preferred process conditions include temperatures from about
500°C to about 650°C, preferably from about 500°C to 600° C: hvdrocarbon
partial pressures from about 10 to 40 psia, preferably from about 20 to 33 psia:
and a catalyst to naphtha (wt/wt) ratio from about 3 to 12. preterably 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
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1094 &' () - L6GLO%Ipfing yn theenapdiha stream are converted to Cy- 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 %.
preferably greater than about 95 mol % of the total C; 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:ethyvlene being greate‘r than about 4. and that
the “full range™ Cs+ 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 be precoked prior to introduction of feed in order to turther 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 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 following examples are presented for illustrative purposes

only and are not to be taken as limiting the present invention in any way.
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/O1]

ratio improves propylene vield. but sacrifices propylene purity. Comparison of
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Examples 3 and 4 and 5 and 6 shows reducing oil partial pressure greatly -
improves propylene purity without compromising propylene vield. Comparison

of Examples 7 and 8 and 9 and 10 shows increasing temperature improves both
propylene vield 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
Feed Temp. Oil Res. Cat Res. Wt.% Wt.% Propylene
Example Olefins. wt.% °C  CavOil Qilpsia Time,sec Time, sec o] Cs Puritv. %
| 38.6 566 42 36 0.5 4.3 1.4 03 95.8%
2 38.6 569 8.4 32 0.6 4.7 12.8 0.8 94.1%
3 222 510 8.8 18 1.2 8.6 8.2 11 88.2%
4 222 511 9.3 38 1.2 5.6 6.3 L9 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 06 96 6%
7 222 571 53 27 0.4 03 6.0 0.2 96.8%
8 222 586 5.1 27 0.3 03 7.5 0.2 97.3%
9 222 -S11 9.3 38 1.2 5.6 6.3 1.9 76.8%
10 222 607 92 37 1.2 6.0 10 4 22 82.5%
11 2.2 576 18.0 32 1.0 9.0 * 90 4.0 70.6%
12 222 574 18.3 52 1.0 24 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 ot C:~ Rauo of Cy~
Example Wt%C,” Wt%Cy oGy’ o Cy Wt % C.”

1 2.35 2.73 1.9 4.2 11.4

2 3.02 3.58 4.2 3.6 12.8

3 2352 2.53 3.5 3.2 82

4 2.16 246 29 2.6 63

3 6.97 995 24 17 16.7

6 0.21 8.71 2.7 1.9 16.8

7 1.03 1.64 5.8 3.7 6.0

8 1.48 2.02 4.9 3.6 73

9 216 2.46 2.9 26 6.3

10 5.21 6.74 20 1.5 10.4

t 4.99 6.67 1.9 14 96

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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Tem Oll Res. CatRes. Wt% Wit% Propvlene

Example Co-feed C Purity. %o
i4 No 630 97 5%
15 Yes 631 05.9%
16 No 631 97.1%
17 Yes 632 94.8%

Propane
0.3
06
04
08

Cat/Oil Oil psia Time.sec Time. sec Propylene
8.7 18 0.8 8.0 1.7
83 22 1.2 60 13.9
8.7 18 0.8 7.8 13.6
8.4 22 1.1 61 146
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6. The process of claim 5 wherein at least about 60 wt.% of the Cs + olefins
in the feedstock is converted to Cy4- products and less than about 25 wt.%

of the paraffins are converted to C4- products.

7. The process of claim 6 wherein propylene comprises at least about 95

mol.% of the total C; products.

AMENDED SHEET
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