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~ The present ates to a process'for selectively producing C2 -

A ol efins from sck@i«al ytically cracked or thermally cracked naphtha

stream The naphtha streamis contacted with a catalyst containing from

about 10 to 50 wt. % of a crystalline zeolite having an average pore

di aneter |ess than about 0.7 nanorneters at _reaction cond|t| ons Whl ch

i ncl ude t enpePBRQEESSFOR SELECTIVELY & T QK

pressure from about 10 D 035\ BALD N\ : J

| ow emi ssions fuels has creat ed an i ncreased denand for light olefins for

use in alkylation, oligonerization, MIBE and ETBE synt hesis processes. In

addi tion, i ol efins, particularly propyl ene,
conti nues t%ﬁﬁge. W—MS f eedstock for polyolefin,
particul arly pol ypropyl ene production. Fi xed bed processes for |ight
paraffin dehydrogenat ipye hr¢entifo&M dvreddbs &Fh stﬂodegmtesfélédt% [P tod‘uetn
increasing olefin production. However, these types of processe€s typlc
require rel &,-uW&j) glelfins §eom apnattaalyttcadl/}eextanteeﬂ or dermelly cesckiedgtaphpter at*ealmg
costs. It is_therefore advantageous to increase olefin yield usin
processes, wiechrnhehasirear & sentoeted %lﬁlwcataéxﬁttcamaiuwesfy @bout ﬂogf@épd be
particul arl v t age increase olefin atal y grac
processes. U % HRE{End feailE ma0RR MR ohled pritinate i b s8R oy
uni t t I ot has
({00 umt caBbrcRerSBE ki cond 41 RARRMBRE 0 o BRGS0 vl
operati on of650P€ andeiydrosarbenipanal pressubefrom abitald) o 40apsihyst wil | “act to
convert a heavy gas oil in one riser and another suitable catalyst will act
to crack a lighter 1 1 0 C T 2002 2 ol efin/naphtha feed in the other
ri ser. CondiBACKGROUND QN THEINVENTHEON ser can be nodified to
maxi m ze either gasollne or olefin production. The primary neans of

Caralyat, A so. U.s Paie i RETOSEEBHE et Bax trskRiud RgRBREL Uefina, o

prepar at i on fgf hgmoa)éhag%ﬁ‘ usQ:”ihCa‘ikﬂbtlBh INegorh&eASioRY MTBRHIdETREN Of

cracki ng and nefathesis wherein the highet hydrocarbon is cracked to form
et hyl ene andynthepisiproecsaasl Bt additieh, algyocostenpply offléglatdigfies)particularly

net at hesi zed to propylene. See also, U S. Pat. Nos. 5,026,935; S 171,921
and 5, 043, 5PPopYlens congingas tnBe isdeand 1 serys eh &edstaskJos pelyodefinhe
conversi on of eous dst ock by contacting the feedstock

with a novi rﬁ’&“b%ﬂxgtf PQ%%8P¥ “’PEPE%‘i%ﬁ?x?& conprising a zeolite with a pore

dianeter of 0.3 to 0.7 nm at a tenperature above about SO0 C and at a

,reSI dence time |ess tipRed@bedprdldss@cRAUSht &@tﬁmaew&ogéx%im@hwth
latively little saturated gaseous hydrocarbons being Fornmed. Also, U S

Pat ent No. 3Je&dBlylatfatiedvbhéwed anetession i 1pcnaa:eag olefin padwetiphndlowever,

hydr ocar bonaceous feegstocks wherejin ol efi n EY r oduced by reacting said

feedst ock i dh §¥YPEER] n@@earesaylzsmlsrwlra r>¢ tive %‘%F@ﬁq AREGSERENTSAS

et 11 o caril B RI a4 b T Wik oot et thed iR BiPGERS, FREANRIL" °
al so achi ev'ueglgtwbeé-‘seﬁv\@hfdh%g@ifre trétal;’»ét? stndl ¢Epifaf Bl eSARBRNGD DU Be

addi ti on, even a specific catal yst ance can be nmaintained to maxi m ze
overal | ol epartiqriadyatvantagedwsftbninsrehscolefintyieldangatadytat tyacking proeesses.
undesirabl e side reactions, such as extensive cracking, isomerization,

t t d hyd t t t ted g
P oduced from 32%&@3@%&@ 30 Moo 4ot GALS Hsioies # w%?ﬁeﬁggﬁe 8 1 o
th b| h im
o of i pr bt al shesedh Re et Hefirabloild, cERLFEL BukBa¥Trer =
the sel ecti Y‘@Vbléegﬁ)ra% I'lSCr§4n1QJI \thic'ﬁsa diffekerk febd sttOAR i3invkddMOBY. TheTHE

| NVENTI ON I n accordance with the present invention there is provided a
process for opbetivel eftthe vzepy isdiesigned softhdlz suitable citelyshwilhatcto aomvert ses
contacting a catalytically or thermally cracked naphtha contai ning

paraftins ahgavy €rs Al injonk riser andppathet switahle caglysd wib asbtagragk @fhehter
crystalline zeolite having an average pore dianeter |ess than about 0.7 nm
at conditions including a tenperature from about 500 to 650 C, a

hydr ocarbon partial pressure of 10 to 40 psia, a hydrocarbon residence tine

of 1 to 10 seconds, and a catalyst to feed weight ratio of ab w
wherein no nore than about 20 wt.% of paraffins are convertedom “I mmmlm ”"l
In a preferred embodi ment there is provided a process for selectively

produ0| ng CZ to C4 oI ef| ns |n a process un|t corrprl sed of a reactl on zone

s o, . - o,




. The process of the present invention is perforned in a_process unit

‘conprised of a reaction zone, a stripping zone, a catalyst regenerdtl 8gTl 2002

e

~zone,- and a fractionation zone. The naphtha feedstreamis fed into the

reaction zone where it contacts a source of hot, regenerated catalyst. The

‘hot catal yst vaporizes and cracks the feed at a tenperature from about 500

Cto 650 C, preferably fromabout 500 C to 600 C. The cracking reaction
deposits carbonaceou drocar bops, .or coke, .on the catal yst, thereby
deact i vat i n@?‘i H&nealitﬁﬁ%({ mrﬁ%s %E%rc%’a- ;S}O%@M%S \arthms@lﬁaheavwaﬁ Oblnklsdse
coked cat al : 11 ' [ T e | yst.i s passed
t hrough t he)éé{l rbl%ggf)%g@izj()tzﬁgn%glgg%%ﬁ%?éq%ggnggg ogeﬂ(q g@@ggﬁ?%mtrthﬁé) r@ﬁ?‘é’l yst

particles WighdhnstdamxitligingproaRétich Gﬁihe%s%&:p%d[&‘ﬂ i BRSNS SRY[EA T Y
conditions in order to retain adsorbed hydrocarbons for” heat” bal ance. The

stripped catcatajgdt. i s then passed to the regeneration zone where it is
regenerated by burning coke on the catalyst in the presence of an oxygen
11 0CT 2002 5 contajnin ﬁas, ﬁr eferably air. Decqking restores catal yst
activity and sinul t anébl§ey @ dat sNpnd 028936y etAnce teachgs argpess fos theso C.

Moot he T oo Breratisn bEBRMTRC TN, ot RfeHet Rids P 4 T blstioR At aribtifene "
treated for jhaRM@thesfs »pﬁér%hpmeqﬁglﬁ@ﬁg}fhrt)%bsﬁ gye{a%kew h&f‘orﬁ?‘é fedBAIRKI de,

after which the flue gas is norma i scharged 1nto the atnosphere. The

cracked proguopdehe and ahizaseapbditam afthe etiydese Bt meatliesizedabipropyiens. Sene
where various products are recovered, garticul aé‘éi a C fraction and a Ca

|
fraction. Walgoe LatS FabtNoh /@&25HB3H ThdbI2d and@k822 ght ol efins yields in

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

own di stinct process id,p.8S Al eVi escribed, which,receives napht ha
from a suitable sour ctew 'i$1 Raﬁ?tﬁg?i %@E@&)ﬁég%a%é@tﬂrgﬁesfcfﬁ%tqesccg’ﬁlgfﬂ?'é(??at
process condifyhSarbBdcedub fedBdJE HifcdrftadtthdtheXeEddtBek RAfhid fbvEhL Bed
propyl ene, sel’ectivity with relativély high Tonversion of CS+ ol efins.

Cat al yst's suwiftaadebotitit @atalpe compgrisénga aedliwevinh atpoee dissetet of 0\3etet 0.6mmy e

t hose which are conprised of a crystalline zeolite having an average pore
di amet er | essatéraperabagtabovg ahanod@)eC sinfratip, residencectipstless thas abeut i e

conprising fromabout .10 wt.%to abqut 50 Ww.% of the total fluidized

cat al yst coﬁ'ﬁ‘éféﬂ‘f;i efipg aF%p‘iﬂdé‘Fﬁﬁ? ?"@ﬁl ‘Eei%f!"\’,\eﬁ}ﬁgr@‘f %P'é’lt?‘f gascPUsl ite be

sel ected fr 1 ju 0 i 0.47, 41

al um nosi | i g&?é%%%&?eé%“@@ﬁ@ér& "'LLS S:ispzageer%ﬁ?'e?’ég.i@7%g(¥ﬁ%r géra%lhcr:lst er est

are the ”EdiaLS{ﬁbBéHs%EQ@Mérﬁﬁg\h"yﬁifb@r%ddcééusl feedbidk I VheRdiAlolEfRhd freof | ess
than about 75:1 preferably I esS than about 50:1, and nore preferably |ess
t han about 4@oducedy pacengsaddeedstatlsin thepresanes of ef ASVedl catalyss. ef f ecti ve

pore di ameter can be neasured using standard adsorption techni ques and

hydr ocar bonaceous corrpouncﬁ of, Enown. m ni jrum ki netic gi anet er ee .Breck,
: g ol iade

Zeolite Molecul ar Si e\fAéEF‘_) RETAHBT S, ing olgfin prqdugts fisy _ 5‘5‘}“5114_ (
1979), Dot h iofhat e BrRES ARANP SR GHCNF SlyBY bAIBHE! @ RExinkEA HHBURAI S 2

zeolites that can used 1'n e practice e present 1 nvention are
described i pf'light aketidlk wigid alse aShiewiighghldoeersion offthe M3 T phBOReds eds.
W H Mier and D.H d son, Butterworth-Heineman, Third Edition, 1992,

whi ch i s herempansntst Jorasddeibeverita spraific Thtalyst balancp oar bsimaintaingd tes
general ly have ,a pore Si\l’éﬁ ttrom bout 0 n t 0.ahout O.Y m and i ncl ude
for exanpl e matmizprecrafmlsiippraguction, olgfin selgeyvityah gensrdlly ARWHYGIQ ur e

type zeolit . L Ssl.Qn I . : -limting
exanpl es of %E‘Séﬁpﬁ‘gfﬁ%%ﬁdngr %‘géhzésg%t% %@v%ﬁ%ﬁlﬁﬂﬁﬁ%@ﬁ%x&z 12, ZSM 22,
ZSM 23,  ZSMaddmatdzittordan r%gen £als 78 reacti¥ns 0L ishtl datirhiedegasad praducedal i t e
2. The nost preferred is ZSMS, which is described in U S. Patent Nos.
3,702, 886 arfrbr3 undesifdble sidSveddtions rdeslt in bededsed Jo8s tPacaver Kaoe desizadde 979;
ZSM 12 in U S. Patent No. 3,832,449; ZSM 21 and ZSM 38 in U.S. Patent No.
3,948, 758; Zight olefing. (Jhsrelosg.dhis dgsirableppgnaximizg piefinsprogiciignin as pat ent
No. 4,016,245. All, of .the aboye, patents are incorporated herein

ref er ence. @rﬂ‘éqssélﬂﬂcgtagﬂl‘”ec’ ’tﬁY’lﬂ‘ﬁDgﬁ%cF 8%%?@E(ﬁzoé/&ri?qé;%l?‘#b‘ﬁ[}'dgo t%;%e' &

silicoal um ng sphat es (SAPO), such as SAPO-4 and SAPO 11 which is
described in U'S. Patent No. 4,440,87]; chronosilicates; 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 45 described in EP-A No. 229, 295; boron silicates, described in U S
Pat ent No. 4, 254,297; titani um al um nophosphates (TAPO), such as TAPO 11
described inr ' U 'S. Patent No. 4,500,651; and iron alum nosilicates. In
one enbodi nent of the present invention the Si/A ratio of said zeolites is

. I N - o o o - o -,



;110 CT 2002 s 10 TABLE 1 FeedTenp. O | Res. Cat _ 200
Res. W . 9N . %°r opyl eneExanpl e efins, wt%Cat/ QG |1 Q| esiaTi ne, secTi ,}\EO,CT
.sec_C ,-_C 'Puril38.65664.2360.54.3_ . '
1140. 595. 89238. 65698. 4320. 64. 71 2. 80. 894. 19872. 25108. 8181. 28. 68. 21. 188. 2%122
.2~ 1.19.3381.25.66.3l .976.8%~ 8.6632I $.6201. 79. 8l
G 71.094. 49%638. 663016. 6131. 37. 51 6. 80. 69G. 6%22. 2571 5. 3270. 40. 36. 00. 296. 8983
2.25865. 1270.30.37.30
297. 39923. 2 UMMAR Y QFsEHE INYENTION>> 26079. 2371. 26. 01 0. 42. 282. 5%1 22. 2
57618. 0321. 09. 09. (4. 070. 6% 222. 25741 8. 332] . 02. 410. 11 . 984. 294.338. 66068. 5221.

07. 415.00. 795. 5% Tabl i L 0% G - %, C. " .

2 352 7323, 023, 5637, 397 CaHgnC} HyThRTR-Gatadlekion it ‘5%?%‘3"9?%3&

482. 0292, o634 0PmAkclile pHdSGRBICH IS0 ofeRdutieh IfRRieso Of C -
Ratio of C3'to Cato C,W. % C34.94.2f f 42,2376l 2.83.53.28.22. 93. 6G. 32. 4l
.71 6.72. 71 cofitacting a catalytically or thermally cracked naphtha containing paratfins and

6. 85. 83. 76. 04. 93. 67. 32. 92. 66.32. 01 . 51 0. 41, 91 . 49. &. 31. 610. 13.32.615.0 C.' =
CH + C-H- »lefing-withe easalyst eontaiping 19 10 50 Wik ey crypiglinehzgolits havmg an 4

d C-/C2' > 3.5 can be achieved by selection of suitabl t

condi 11 ons. 2VeIREE RTEHAMEISS lesx Miae) 40T nryabdpdRionseRE AL Bl of i ns and
ffi LGSk 1 hERRHS

ver st | i et G B0p 583D, Coa by diearBanDATaL pRasEE AT

anmount s of aDsignehydidcarbonyesidenceliimesst! leel 1 (vsdcontls, anidy aalsofo fyeapy! ene
/ ang selectivity of propylene to propane varies as a function of catalyst

and process vopghtatatiog foabodit 2itorld, wherdinsioomere thanratiouh wirtopyfiparaffipsel d
can be increased by co- f(gegi ng steamalong with cat naphtha to the reactor.
The cat al ystaf?rﬁ%‘f%teﬁlgm €8RS-ot her small or nedium pore zeolites. Table 2
below illustrates the increase in propylene yield when 5 w. % steamis
co-fed with an FCC napght L0 NG % Y propyl ene
yield increased, the EBO leﬁ%@é%@??@n@%tgy%ﬁ% gh@é&i&ﬁm‘]@&g?ﬁ% operating
condi tions gBlctiesls Zﬁr@dbein%@y@t(eﬁolfeﬁnm Atprbéest MRittRhgRiRd drORULEsE
selectivity. Table St eanifenp. G | Res. Cat

Res. W %\ %8Pzopg. asteibpang Lot ahd adeCyst@icgandrapien ammere The pafhitha stream is

i 0
s opy| enebt pmneiii v, JANECE, 11808803 G 39T, S8, SYesea,) 8, 522

3 12 | pEA-UL T As e Thngp SRR of ol bpvipd  relage Boe e

sel ective pripsHefet o 165 thn hBoutD. Phaf hid wieidih tkOraactisR sone acopdidted at a
catalytically or thermally cracked napht ha feedstock containing from about

10 to 30 w témperatirei fnemaabdusbolft td 6500C7a hydroxadiarf partialpressure odtldl tpst
cont ai ni ng to 50 .%of a crystalline zeoljte having an averag ore
di @net er Ieég RSkt r? @%@Par on ragigacetimgiotildestd sreen 5F’r"i'é‘%a? tad étrté’tféFg from
about 500 C . b - part i 3 ia, a
hydr ocar bon &reg%l?tsa[glﬂg eoﬁb%ggﬁ 8?6t %%ff)el}s?glg orhgllse, tﬂéﬁgggﬁt?a(?gvﬁ'y/gto %? 8@@55

rati o, by wgr@bdnvedfedaddBltfids.t o 10, wherein no nore than about 20 wt. % of
paraffins are converted to ol efins, wherein propyl ene conprises at | east
about 90 nol.% of the total C3 products. 2. The process of claim1l wherein
the crystalline zeolitle anstiespreferred embodimgobetthefpresenit ipveniigartbe n t he
reaction tenperature _js fromaboyt 500 C to about 600 C. 4. The process of
cl ai m 3 whefaihysids ng{l'éﬁ’cﬂﬁtc Y$ft . % of the CS + olefins in the
feedstream are converted to C4- products and | ess than about 25 w.% of the

paraffins are convert . I . : PERSS 1Ghed erein
propyl ene conpri ses atquSEelgs g%égtﬁ?g%?eﬁoﬁé%dgpﬁ{lﬁg t ot aFQéCrZIS pr o uO?:}eya 6.
The process feddsedoki dorftaitbaboinl 0 te30witdhtparaffing, afd frompaboanotto 2owals

CZpr oduct s is@:?reat er than about 3.5. 7. The process of claim®6 wherein the

wei ght rati olefinspr opyl ene to total CZproducts is greater than about 4.0.
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. ,DDbcD| wgl f a[ Vkf a\ W cal] ca] caU] ca] caU] ca] cal] ca] ca] c”a] ca] c”a] ca] ca] ca] ca]yca
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~ cDeDDD>EAEI El EEEEEEEEEFFFFOGGHHHOHSH; -

JJIKKKK~xsni d*YTkf a\ ] ca] ca] c*a] ca] ca] ca] ca] c*a] cal] ca] ca] ca] ca] c*a] ca] ca] ca]
ca] ca] ca] c*a] ca] c™a] c”Ma] cal] ca] caU] ca] caly] ca] caU] ca
KKKKLLLLLNOOX PPPR@* RRRs H;
JIKKKK~xsni ¢ k
ca] ca] ca] carcarearcarc & Sy i
10% u& ()-f 10% u& ()--Sle% u& () &109%& (

* 109 UFU& () - OKdE, ( %
SMLO% u&' () -, 10% B () %géfg“’?ﬁﬂ vy gre%@blet%é&%@%?’eée%’VW&' L 10-u
10-u 10-u$= (EQ%Zy&nG)Q éleﬁ@%wkﬂs(a}e Mo@ strB4me &o(lingd 1ri\lfh‘é rﬁghtha range and

10bb!, F(: ! 10%b& ()-M, Y 10%b& ()-Z ! K( lo%ebeb&g 10%& ()-
10%8& () - @mambglfrq;gwbg@l% wtl 10 abputsiOwg.&,(preferably from about 10 wt.%

1105 & () - @ Ao 0yt %pé‘ay&re(gre?e%’@é%%?f%%ﬂ&é g 45yt I psaftns, and
100b! 10988 {1 sEAGYRE ) AR o abbAl 20 %, b SR04 5 ks AR O
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streams are typically those having a boiling range from about 18° C to about

( 221° C, preferably from about 18° C to about 149° C. The naphtha can be a
thermally cracked or a catalytically cracked naphtha. Such streams can be
derived from any appropriate source, for example, they can be derived from the
fluid catalytic cracking (FCC) of gas oils and resids, or they can be derived from
delayed or fluid coking of resids. It is preferred that the naphtha streams used in
the practice of the present invention be derived from the fluid catalytic cracking
of gas oils and resids. Such naphthas are typically rich in olefins and/or

diolefins and relatively lean in paraffins.

The process of the present invention 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 by burning coke on the catalyst in the presence of an oxygen
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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 a C; fraction and a C, fraction.

( 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
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 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.

Medium pore size zeolites that can be used in the practice of

the present invention are described in “Atlas of Zeolite Structure Types”,
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$109%Z& ()-G 9 u 6_$MOVC G CuCeFO, $10% $10%Z& ()-, $109%&& ()-,
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zeolites generally have a pore size from about 0.5 nm, to about 0.7 nm 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 crytalline admixtures
are themselves medium pore size zeolites and are not to be confused with

physical admixtures of zeolites in which distinct crystals of crystallites of
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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, 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. 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 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 C,- 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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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 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 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 steamé&d at 815.5° C for 16 hrs to simulate commercial
equilibrium. Comparison of Examples 1 and 2 show that increasing Cat/Oil
ratio improves propylene yield, but sacrifices propylene purity. Comparison of
Examples 3 and 4 and 5 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
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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 Cy Cy Purity, %
1 38.6 566 4.2 36 0.5 4.3 (1.4 0.5 95.8%
2 38.6 569 8.4 32 0.6 4.7 12.8 0.8 94.1%
3 22.2 510 8.8 18 1.2 8.6 8.2 1.1 88.2%
4 22.2 511 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 2.2 586 5.1 27 0.3 0.3 7.3 02 97.3%
9 22.2 511 9.3 38 1.2 5.6 6.3 1.9 76.8%
10 222 607 9.2 37 1.2 6.0 10.4 22 82.5%
11 22.2 576  18.0 32 1.0 9.0 9.6 4.0 70.6%
12 22.2 574 183 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 C;3~
Example Wt% C,™ Wt%Cy 100Gy t0Cy Wt.% Cy”
I 2.35 2.73 4.9 4.2 1.4
2 3.02 3.58 4.2 3.6 12.8
3 2.32 2.53 3.5 3.2 8.2
( 4 216 2.46 2.9 26 6.3
5 6.97 9.95 2.4 1.7 16.7
6 6.21 8.71 2.7 1.9 (6.8
7 1.03 1.64 5.8 37 6.0
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
(1 499 6.67 1.9 1.4 9.6
12 4.43 6.27 2.3 1.6 10.1
13 4.45 5.76 3.3 2.6 15.0

Cl- = CH4+ C3H4 + CZHG

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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(e.g. FCC naphtha, coker naphtha) over small or medium pore zeolites such as
ZSM-35 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 co-fed with an FCC naphtha containing 38.8 wt% olefins.
Although propylene yield increased, the propylene purity is diminished. Thus,
other operating conditions may need to be adjusted to maintain the targeted

propylene selectivity.

Table 2
Steam Temp. Oil Res.  Cat Res. Wt% Wt% Propylene
Example Co-feed C Cat/Oil Oil psia Time. sec Time. sec Propylene Propane Purity, %
14 No 630 8.7 18 0.8 8.0 11.7 0.3 97.5%
( 15 Yes 631 8.8 22 1.2 6.0 13.9 0.6 95.9%
16 No 631 8.7 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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AMENDED SHeE,



