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‘HYDROCARBON CONVERSI ON PROPYLENE W TH HI GH SI LI MEDI UM PORE ZEO2I4'IH%
CATALYSTS FIELD OF THE | NVENTI ON The invention relates to catalytic T 2007

cracki ng ofywhysleRgar bons. Particularly the 5 invention rel atﬁf,r t hod
providing inproved selectivity for creﬂmmmmmwmmmmmﬁar bon feeds &%3%9155'3
prinmarily to propylene by contacting t \ on under cracking
conditions with a catal yst selected from zgqks#te nol ecul ar sieves having a
high silica to alumna rati o. BACKGROUND OF THE | NVENTI ON 10 Thermal and

catal ytic conversi } i Laportant industrial
process producing ﬁﬂ&%ﬁ%%g@%@ ?Q:ngmtelgrg Because of the
farge vol une ofwprHERICHSILICABMEDIUM PORE ZEOLITO CAPALYSTS f i ci ency

translate into significant profits. Catalysts play an inportant role in
nore sel ective conversion of hydrocarbons to olefins. It is especially

‘desirabl e FPENP\GRARINVENTfONRVai | abl e that are highly selective for a
parti cul arﬁ??mrﬁém“ﬁ—ﬁmver catal ytic cracking tends to produce
conpl ex m xture els C i Vi , f eq fhchiy.
Particularly i rrpTgé f@ﬁﬁtg%hart%gdfe\ég{) gat\éi@ég{: %glﬁlgg gﬁﬁ’ﬁ";""?aﬁ"e&ﬁa? &Héﬁ%ag%&hesynt hetic

zeol it es. uremtidneSelafes € oS inddthod) epratidinighafiprovedit Riecibityh far neravking of Al04
and Si04 20 tetrahedra |inked by oxygen atons. The negative charge of the
net wor k i shysipeatben fegdstogks primatilyi #h psspylanet h sowsacting: thenbydroesrbes al kal i
or alkalin r et J wihne | Lt al : nn formed by
the cryst aﬁ?cfeeﬁé}r%cé(t‘nl? ?indgﬁagglvgﬁzgoﬁafl@ygé §%‘%&%§ﬁ8§gg&§l§e %Dql%é r(,f?évé? eves in

separ at i onhpHRESE Righsilizd ¢ alomiatradiy'si s. There are a | arge nunber of both
natural and synthetic zeolitic structures including materials 25 with
addi tional el enents such as boron, iron, galliumand titanium The w de

breadth of BAGKGROUND OF FHE INVENTION; ated in the "Atlas of Zeolite

Structure Types" by W M Mier, D H Oson and C. Baerlocher (4th ed.,
El sevi#r/Intl. Zbedmal endsaaptic ¢onvesn)of hydrosarBors tocalefimsdg anBatady 226

PCT/ US99/ 09809 .- 2 Cat al yst s. cont ai ni eolites, especially nedi ore
zool i tes, TPUSHACRTCESS ASRUEiog UGS of POBRTaef PIPEIR SaRh JEehabeths Ght

ol efins, pteMpirgd Woﬂﬁrﬂ@)ﬂfelﬁ}%dﬁéi%np%iéheﬁgﬁ'ovéﬁen\ﬂ@|i|l1 SperdtfRY kfifcidaygr ocar bon
streans. For exanple U. S." Patent No. A 922,051 describes the cracking of

C2- C, Z par trhishite ity gignifisas pmefitai Catalysts plasan Bapdstant sele onmeresselastivied at

| east 55% of the sum o -C4 an -C8. aronmatd cs in,the, products using a
conposi e LT ShbEresitins f Matind: s ooy sirghié &5 nBiL Al

5,389,832 gNafables@at arePhighlgSseldclive Faf @l pirtieahd MedifedCllodtcta Hewevef eed in a
single riser reactor FCCunit, with delayed riser quench and | arge anmounts

of shape sedtalyti¢ wrackingclendsgtoaprtiduce sonpleyi mistwseedf piiductsewithiaryingf er abl y
guenched afiter at. 10.Least 1 second of riser cracking. The catal yst

i nventory BFEFPEASPEEHGNt ai ns over 3.0 wt % ZSM5 cystal, in the formof an
additive of 12-40% ZSM5 on an anor phous support. Quenching with recycled

LCO i s pref err ePartioglafly @fipsitend eBlalgts ané Fdunthinforgatha IniiralSandt sAthek@ s
reported to produce unexpectedly large anmounts of C3/C4 olefins, with

little or #Rolitase Zealites pre cyallinmpaminpsilieasesovith a mptavask of K494 90d SHe4 et of or e
| nel udgs! ot A EAAY B oo ThERAHR! thafd A nl bRk A e ont 21 i N0
by the inclusion of protons or cations such as alkali or alkaline earth metal ions.
The interstitial spaces or channels formed by the crystalline network enable zeolites
to be used as molecular sieves in separation processes and in catalysis. There are a
large number of both natural and synthetic zeolitic structures including materials
25  with additional elements such as boron, iron, gallium and titanium. The wide
breadth of zeolite structures is illustrated in the "Atlas of Zeolite Structure Types"

by W. M. Meier, D. H. Olson and C. Baerlocher (4th ed., Elsevier/Intl. Zeolite

Assoc. (1996)).
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wi.th only small percenta of both ethyl ene and but ne. Previous ? pht ha
vcracking catal ysts al so giiduce a substantial percent®ge of either e ﬁﬁF n&f0?
or butylene. It is especially unexpected to find a catalyst that produces a

hi gh pr opywensy/s7ezerer si on whil e 20 having only a nodest but y#@Emes99/09809
production, and at the sane tinme | ow ethylene content and | ow aromatic

content in the product m xture. The present invention identifies a group of
catal ysts with such selectivity. SUMVARY OF THE | NVENTI ON The i nvention

provi des a nethod of converting a hydrocarbon feedstock to 25 propyl ene
conprising: contacting an olefinic hydrocarbon feedstock boiling in the
napht ha range under catalytic cracking conditions with a catal yst

conprising a cataalsis cdalatfingetbolifedeshbial G metium PO £dolife, 29¢ kABwWh tien por e !
aeolites (<0.7 nm having a silica to alumna ratio in excess of 200, under
cracki ng denactiveons aracking dighti nephyhprtodighe elefmsoduitmarity >propydenss and

domi nant |y | i ght fins.i i VO 991 57226 - US99/ 09~69~~T
D B opyiHEHEns<aa; ez SeRvisstyBthrathon Hgtiey Bpr GASIELS S PAETCRSbI y tho
propyl ene 4,9%295 yh@é&%bé%\b Qﬁdcgingtoft?f@s ggr'aﬁ'mﬂf hyldf6caPS AR Wi 143t 66 hyl ene

ratio is at least 4:1. e referred catal yst’'s are zeolites having an

8, 10 ob l12wt¥érdoavesioniand apteast 55% w€ ther smm bf Cp-€, @8 €iiGd drgmpties iorthed for t he
zeolite to be nono-di nensiqnal. The preferred.5 ¢ ts_are_selected from
the fanil i@ggeﬁﬁgﬁlgz A fgmppsiigratalyst prefergiynciding %ﬁ??}r%@é Lﬁ%}’a&%& t he

zeolites, . : i ¥ famlies
el ude 78SF s SaprE HsBeR 6Bt g RIS Falnd PRI TErd B f dESE

Pr ef er abl yridfehaeamoh&CA anit,awithadblayad riser goneachhcandplaogry hmnents rofastppepyl ene to
butylene ratiq of at.least.h2:1 or a propylene to _ethylene ratio of at 10

| east 4: 1.SCIEREVERSEas wgaqd?wvsrl@ﬂ&ﬁmcﬁ Wo%qa%ég PT"é%réwr%fﬁn%g\/&ﬂ%“éFormti cs
in thgapr t; . fnl r d 58S
casentCal |y Ed e HaoRhE, THR bk PRERORP Prel PPN BISTE0 ¢ (osr
to 430F), wrt & ZSkbb yystal, inltke foxmosf anfaddifive of 12-80%4( BSMHI-3 on 30 @mprphbne ol ef i ni c
hydr ocar bon feedst ock conprises from about 10 wt% to about 70, wt % ol efi ns,

pr ef er abl ySUPPBFh Quenghing witk secydledul&sQisgiretissred phglpygd gspchipg Witk this ¢

hydr ocar bg Kk i r %
parart i ns GPESRa! FATRPbIEE ) pRINAR eniiolidl el aihnd oF ]
pr ef er abl yolafixes, 1 tvithQitthé 86 hiinafeasd in2bkevimakar af fi ns. The catal yst is contacted
in the range of 400Cto 700 C, a weight hourly space velocity ("WHSV') of 1

to 1,000 hr'' d a pressure of 0.1 to 30 20.a ahsolufe. Alternatively
the | ienti on nHWEEEN kgl B AOhEHERIOMOMGLE, B pPDSIIRE 1 a

cracking psre%ﬁw"ffly‘widkehighé?i T tBBﬂggﬁﬁ}&Qr&fn fab WIrES W bidpyfeREPr i Ses

contacting an olefinic hydrocarbon fe wth a high silicon zédlite
with only small percentages of both ethylene and butylene. Previous naphtha

cracking catalysts also produce a substantial percentage of either ethylene or butylene, It
is especially unexpected to find a catalyst that produces a high propylene conversion while
20  having only a modest butylene production, and at the same time low ethylene content and
low aromatic content in the product mixture. The present invention identifies a group of

catalysts with such selectivity.

SUMMARY OF THE INVENTION

The invention provides a method of converting a hydrocarbon feedstock to

25 propylene comprising: contacting an olefinic hydrocarbon feedstock boiling in the
naphtha range under catalytic cracking conditions with a catalyst comprising a
catalyst selected from the group consisting of medium pore zeolites (<0.7 nm)
having a silica to alumina ratio in excess of 200, under cracking conditions to

selectively produce a product mixture of predominantly light olefins in which



cont ai ni ng catal yst und cracking conditions to produce at |east 2 tinmes
as nuch 25 propyl ene as e total butylenes. Anoth enbodi nent views the
inhvention as a ' method for producing propylene in cracki ng process while

m ni m zi ng R"T’p% jcon of ethyl ene which conprises contacting 2 [

hydr ocar bon ee?iks%\nkt h a high silicon zeolite containing cat argg@ghﬁﬁ%@oh 2007
cracking conditions to produce at |east 4 240 CT 200T WO 99/57226

PCT/ US99/ 09809 -4 tines as nmuch propyl ene as ethylene. The catal yst

choi ces, feedstocks and ' conditions are as set out above. DETAI LED

DESCRI PTI ON OF THE | NVENTI ON The invention is a nmethod for produci ng high
propylene in a catalytic 5 cracking prbcess by contacting an olefinic

hydrocar bon_f eedst.ock with diumnpore zeolit < n havi a silica
tg al uni napF%?y?ed’ea’Bd\‘/gx%bPﬁlsgﬁ’e?flejﬁhsa?viegmg‘é%'i? ree??/r\&l%z}gang?eqpaﬁfl? r%een or
twel ve nmenBgfyicherafld iPRMNEsBD 11U HE Bropylent fo @tﬁ?l@ﬁé fatib)s B Rhgra pd Theat t he

zeolite have a nonodi nensional structure. Preferred ol efinic hydrocarbon
f eedst ocks peeferrechpatelysts arenzeplies baving am 8189942 alemigradginzopre (BBFuUTe 10

430F) . The_napht has. may .be therymally. cracked naphthas or .catalytically
cracked _na%{sheasg.ec‘%p%/etgeéﬁeds‘{‘}f)ﬁgazec%‘ﬁet 1 ﬁe B Y’e?séoé??_ }%ev&rsoef%gabout 70
Wt % ol ef i NngataBishf SeaddlettedUrith hé BanfiffesfisisAng ofBIFIal BEL, NTWIeTORDNt henes
and aromatics.” For exanple, the naphtha nmay be derived fromfluid catal ytic

cracki ng (MTT FEBf MJ; aod ithe zeolites,c2SMs21, ZSM-88andESMrd8. dixamplesdfcoki ng of

ol ds whi GROLIFR 1 PR AT MEap ey S AG ST L A e P 2k vely
lean in parz%fmlzrssand%mlﬁilﬂreﬁem@;kih'agnéi%uiistéa%a R 88 pfodnidé gt?@teneont acting

tenperature in the range of about” 400C to 750C, nore prefer in the
range of 4%0&ptapyl@B@ buiykne patief afratldagt 2:h or h@ropime toethFlROCrdtw FOC. The

Comee T SO EDECE b alh Sl e S M0 )
mor e pref enabluer | Ml r’ﬁﬂ:g%le‘ﬂﬁicahgd%cérb& HeedbidcR 8RRMEs 23@ntilillyl ofand nost
preferably in the range of about 10 H 1 to about 100 Hr 1. Préssure in the

cont act zohedreyrboas fhodimg Owithih ah8Gamgdenvf ablsd| tot e220pr@f(663blty 4306B),3 at m

absol ute, nost preferably about 1 atm absolute. The catalyst may be
cont act ed Prefarplyria ke e8ge olohfe ta J48° GES5aF to R FH 5 Theelefinic hydsogarbed, a

of ‘runs. i n easielicoRBist b Aol (uk $h BRAF TG RE00 pUER, pFBHLY R 1 Se ' o
conpounsl. Gonpavd $6n70 UREsWelefindTePRfotally the ZSbfilic ZB@rddagboratfeddgrick

comprises from about 5 wt% to about 35 wt % paraffins preferably about 10 wt%

to about 30 wt % paraffins, more preferably about 10 wt% to about 25 wt %

paraffins. The catalyst is contacted in the range of 400°C to 700° C, a weight

hourly space velocity (“WHSV™) of 1 to 1,000 hr' and a pressure of 0.1 to 30

20  atm. absolute.

Alternatively the invention may be viewed as a method for producing
propylene in a cracking process while minimizing production of butylene which
comprises contacting an olefinic hydrocarbon feed with a high silicon zeolite
containing catalyst under cracking conditions to produce at least 2 times as much

25 propylene as the total butylenes. Another embodiment views the invention as a
method for producing propylene in a cracking process while minimizing production
of ethylene which comprises contacting an olefinic hydrocarbon feed with a high

silicon zeolite containing catalyst under cracking conditions to produce at least 4



WO 991 57226 2 4 0 C T 2002 PCT/ US99/09809 -5 froml rcat. Inc., 04‘ Sea
Grt, New Jersey The eff|@nt stream was anal yzed by @h-1ine gas 24 0CT 2007
chromat ography. A columm having a | ength of 60 m packed with fused silica
was used f nal ysis. The gas chromat ograph was a dual

ionizati onwé)eéégé?%%r equi pped Hew ett-Packard Mddel 5880. Alllyfa u|9§’?8e"3 dat a
are 5 in weight per cent unless otherw se indicated. Exanple 1 A 50/ S0

bl end of n-hexane/ n-hexene was contacted with ( 1 ) a ZSM 48 catal yst, or
(2) a ZSM 22, each having a silica to alumna ratio in excess of 1500, and
a control ZSM5 having a silica to alumna ratio of 55. Al runs were '10
conducted at 575C and a WHSV of 12 hr# . The results are set out in Table

Rat | 0515000005 atah, GRS Bhe ‘G BUYRAEC, Khe calial Bh6REs, feedstocks and

Resul t s, Etdoyiiioas arkZs 236t Qultabdpyd. ene28. 732. 622. 3But enes +
But adi ene3. 35. 413. 1Aromati cs0. 20. 41. 2Li ght Satutrat es4. 03. 04. 5Sel ectivity

for Propylene, %4.974.247.8Propyl ene/ Et hyl e
Rat i 013. 6 BESAILEDBESCIRIPRION OF-THEINMENEIQN 7  -hT ~nr9 WO 991 57226
PCT/ US99/ 09809 -6As the data above denonstrate, exceptional propylene

sel ectivity is Huhimvestibnaist & mdtkod feyhprodiding: hi@dpmwgoeeilz@oba'taleti@at al ysts.

Exampl g 2 A conparison run to illusttat he ef fect of silica-to-alum na
At 10 fas EAUBE PIRSES YRAIDE et DY TP Eo LSO Y & PEUH h canp! es
of ZSM 22 ¢ T,851tBq<0 ! ) Ha&ﬂgarsﬂkhqocaiunﬁhé irgtfo hovR! 200: NreflhBlyr £SUl ts are
presented ’in Table 2. Tabl e 2Catal yst ZSM 22ZSM 22Zeol ite Si 02/ A1203

Rat i 0>1500%20Eonivie as eight, t&BE8r BEdve) Kesmbieeesiudintgspdte lsyrhetne? . It 6s especially

5Pr opyl ene28 723. gBu enes .+ But adi ene&, .312. 1Aromat i C}O.éz. Li %t

Sat ut r at edHelETeg Sbptothe; eelity haye pmagoRigsasionsy stygtire plIBFIEA BN | ene
Rati 013. 7 L 3 b nver si on
is | ower v??n]yt% E&é{%ﬁ%&nﬁi}f@%ﬁ%ﬁ’%@&%@?ﬁm tg% &S‘P Z%?ﬁg@i%%g:&?:}gl t%z% or grsoli)ﬁ)ene is

dramatioc. 430°B). PTRY Géphshas tridy beethéfhBlyWradkBé nepteRavaT datdlytidall weickedr bon
offsets the | ower conversion associated with enhanced s_ggci ficity = where
propyl ene naphthasl Whe feedtshould contpirpfrom@pteast 10 witlglo @bogodBRY pelefiss, ~ * 2 4 0

C T 2002 ' \We.cl ai | o, A Rt h of , convert. a_h ocar.ban_f tock to
propyl ene pchf;?{ﬁb?%?h@fn/ &6?1@0‘?’?%’&%“’8?’ Sf’nllnqgﬂf/f}?%}gé?'ﬁgﬁn e%ﬁ'g‘?@%k havi ng
from1. O Ear ek@mple, thetf4phth@ Infdyl teSdepived f:@nﬂﬂ&ialcm%)m&haﬂé%i(‘m bhe group
consisting of zeolites fromthe famlies TAN, MI'T and MFS, and ZSM 48,

wher e t he ga8oilst anchzesids, or Ifiasm delayed oriflwid ceking ofnresids.esThefprefiensd cr eaki ng

condi tions react or _teqper I f fr - - Dk res of from
a1 at'Boo bR eA el RBSHEFBETRC e PR ARG, MR RS T TR

vel oci ti esoléfinsfah@idlefinshhd telhtvely 8dinparafiiso 10 sel ectively produce a
product m xture of light olefins in which propylene is in excess of 5aC of

the total converted product, 2. The method of claimx wherein the catalyst
i s selected froRdtRiNee Gadking cerdiiqns mearya gatalysgipputacting tamporsjury antha 8anged  ZSM 57.

of about 400°C to 750°C; more preferably in the range of 450°C to 700°C; most

preferably in the range of 500°C to 650°C. The catalyst contacting process is preferably
20  carried out at a weight hourly space velocity (WHSV) in the range of about 0.1 Hrl to
about 1,000 Hr'l, more preferably in the range of about 1.0 Hr™! to about 250 Hr™!, and
most preferably in the range of about 10 Hr! to about 100 Hr"!. Pressure in the contact
zone may be from 0.1 to 30 atm. absolute; preferably 1 to 3 atm. absolute, most preferably
about 1 atm. absolute. The catalyst may be contacted in any reaction zone such as a fixed

25  bed, a moving bed, a transfer line, a riser reactor or a fluidized bed.

Test Conditions

A series of runs in a small bench reactor was conducted on hexene as a

model compound. Corhparison runs were made with a ZSM-5 zeolite catalyst,



3. The nethod of claimgwherein the nethod produces a product m xture
‘having 1 S a propyl ene butyl ene ratio of at Ieamz 1 or a propylze,pgcf 9002
ethylene ratio of at least 4:1. 4. The nethod of c m 3 wherein the

process pr ? propyl ene to butylene ration of at |east 2; X

propyl ene t ¥¢f%ne ratio of at least 4;1 and | ess than 15°WU$98’°9809
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catalyst, or (2) a ZSM-22, each having a silica to alumina ratio m excess of 1500,
and a control ZSM-5 having a silica to alumina ratio of 55. All runs were

10  conducted at 575°C and a WHSV of 12 hr™'. The results are set out in Table 1.

TABLE 1

Catalyst ZSM-22 2ZSM-48 ZSM-5
Zeolite Si0,/A1,0; Ratio >1500 >1500 58
Conversion, % 38.4 43.9 46.7
Key Results, %

Ethylene 2.1 25 5.6

Propylene 28.7 32.6 223

Butenes + Butadiene 33 5.4 13.1

Aromatics 02 04 1.2

' Light Satutrates 4.0 3.0 4.5

Selectivity for Propylene, % 74.9 74.2 47.8
Propylene/Ethylene Ratio 13.6 13.0 4.0
Propylene/Butylene Ratio 8.7 6.0 1.7
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A comparison run to illustrate the effect of silica-to-alumina ratio was
5 obtained under the same conditions as in Example 1 with samples of ZSM-22

differing only in the ratio of silica to alumina. The results are presented in Table 2.

Table 2

Catalyst ZSM-22 ZSM-22
Zeolite SiO,/Al,0; Ratio >1500 120
Conversion, % 38.2 53.0
Key Results, %

Ethylene 2.1 6.5

Propylene 28.7 24.6

Butenes + Butadiene 3.3 12.1

Aromatics 0.2 23

Light Satutrates 4.0 9.8
Selectivity for Propylene, % 74.9 44 4
Propylene/Ethylene Ratio 13.7 3.8
Propylene/Butylene Ratio 8.7 2.0

Although the overall conversion is lower with the high silica catalyst, the specificity
for propylene is dramatic. In a proper system recycle of the unconverted
10 hydrocarbon offsets the lower conversion associated with enhanced specificity

where propylene demand warrants,
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