SELECTIVE CONVERSION OF OXYGENATE TO PROPYLENE USING MOVING BED
TECHNOLOGY AND A HYDROTHERMALLY STABILIZED DUAL-FUNCTION CATALYST
BACKGROUND OF THE INVENTION 5 [0001] The present invention relates generally to the
use of hydrothermal stabilization technology on a dual-function catalyst system used in the
hydrocarbon synthesis reaction zone of an oxygenate to propylene (OTP) process that

operates at relatively hi S ' J néz;md uses moving bed
reactor technology. g an

combination with a movin d‘tﬂéi SACTON

catalyst deactivation not only Uring af 00 cle-to-cycle basis,

in
thereby enabling the holding of coke level on the dual-function catalyst to a value that does
not significantly degrade the activity BAd-otapEhEOR St SVBINTI&Ry st for an extended
period relative to the results reported for the prior art. These provisions in turn lead to a sharp
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attractive because, they can be produced from such widely ayailable materials as coal, natural
gas, recycled p gi?casf}%\}gﬁ%%%cc%%g%mgs‘fgﬂ?r@ﬁﬁ@ﬁ%?ﬁﬁﬁ%’é%r?f’ﬂﬂa Cesrat i sekiviy ard
by-productfrgrylehe srmotivittyraf thikusitylyEhiveuh eieatibag srisit eaelion hatheksaryIensHes for
from these %%e% glf E{%WIr.trgeasjtl:;erirals.is well %ﬁ%‘%ﬁ;@g The ﬁ%%rt has revealed essentially
two major tec RIQUES that are disco e dar foF8k REMEThghiReRregd RiTsne
The flést of HiddeuhicOeblobysbismindiied @TRepkinddSnéiABT 26 mibichididRsasamethanel cycle
conversion éﬁg@gﬁq %%jé] ZSM-5 type of catalyst system wherein the problem of DME
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2007/086838EFHsIBC0P0 2888 0cess that uses fixed bed reactor technology and an unstabilized
(dual-function catalyst system.
[0002] A major portion of the worldwide petrochemical industry is concerned with the
20 production of light olefin materials and their subsequent use in the production of numerous
important chemical products via polymerization, oligomerization, allcylation and the like well-
Imown chemical reactions. Light olefins include ethylene, propylene and mixtures thereof, The
art has long sought a source other than petrolenm for the massive quantities of raw materials
that are needed to supply the demand for these Hght olefin materials. Oxygenates are
25 particularly atbractive because they can be produced from such widely available materials as
coal, natural gas, recycled plastics, various carbon waste streams from industry and various
products and by-products from the agricultural indusiry. The art of making methanol and ofher
oxygenates from these types of raw materials is well established. The prior art has revealed
essentially fwo major technigues that are discussed for conversion of methanal to light olefins
30 (MTO). The first of these MTO processes is represented in US 4,387,263 which discloses
methanol conversion techniques using a ZSM-5 type of catalyst system wherein the problem of

DME by-product recycle. The focus of US 4,387,263 was on 2 DME and mothanol scrubbing
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step utilizing a water solvent in order to efficiently and effectively recapture the light olefin value of the
unreacted methanol and of the intermediate reactant DME. To control the amounts of undesired C4+
hydrocarboV§r3tRic4868#dduced by ZSM-5 types of catalyst systems, later PBIURR0KERE2 M 0Nn-zeolitic
molecular sieve catalytic material. US 5,095,163; US 5,126,308 5 and US 5,191,141 disclose a metal
aluminophosphate (ELAPO) and more specifically a silicoaluniinophosphate molecular sieve (SAPO),
with a strong preference for SAPO-34. The classical OTO technology produces a mixture of light

olefins, Dék@}ﬁﬁiﬂmgﬂﬂy@%@ﬂ%méﬁpﬁiﬂﬁﬂeﬁi@@@ﬂbiﬁﬁtvylﬂwsfﬂgﬁeﬂb@éhagmieﬁhshghhom@mthe
classical OTO process technology possesses the ¢ J|I of shifti emajor oI produc
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the SeCOnﬂaﬁeﬁ@lcmTUl&Mlﬁg&t@ﬂd@mﬁe&sﬂmﬁmldﬂhghbm&ﬁﬁ? pﬁtﬁlyﬂlys&;thl;dammﬁmipentasn type
(i,e. ZSM-5 0 t having an . al less, than 380 pp C OXIde content of
less than%ﬁ?%’%n% BHg g&%ﬂ'ﬁ?&"%ﬁf’%@?kg %cg m%‘:ln 8% eaé%n SS C sere Amount. This
MTP is fwaﬂe{cﬂeggz@be@ms R@tb@xﬁ’ﬂsléiltﬁbﬁhhlﬂiﬁrgdnsﬁmjmrgalbﬁﬂ\iﬂmdewnmn@ilﬁneqzwﬁene (MTP)
Process r#presezg id the ERTC Petrochemi aI Con er rfééqé March oftZOO t ea{esél c 1rance) as
havihg a VARG FORFRRHIBE Mo Dot e csyoc €0 0 700 ﬁours eTore In situ
regeneratiofe xRe@nd hasieﬁgmghemdcs&ygmmmmpnﬁpmhd E)TP) cechrenksigy thetivionslproiddirst five

25 cycle The co erglona rocequ 1ve?o ﬁ(l)mc{l)ensa T“f‘v'fh decay in a catalytic operation
%th temp

involves i %?Sﬁgfﬁ g\?é’ erreeac or tempera Ure o &4 conversion in the targeted

range of goeasr thmﬁnvatmﬂm@owaléld%ﬁ;ﬁeu@ﬂﬁdhm pubbikhedandhelys24) BO0henstesent
S e e uF e ARG R R IR R g e
in agler thﬂ@MMhmml&na setaativiixedbWdOo2 03 7BB6BIDPCTHIOS O0B/I0 2B66
SUMMA%E%EIE%WQ@M&%% with respect to the oxygenate feed and in a serial flow arrangement
with respect to the effluents of the first reactor and the second reactor. The publication teaches
a dual function OTP catalyst system of a pentasil-type (i.e. ZSM-5 or ZSM-11 type) having an
alkali content less than 380 ppm and a zinc oxide content of less than 0.1 wt-% coupled with a
20  restriction on cadmium oxide content of the same amount. This MTP is further described by
Rothaemel et al. “Demonstrating the New Methanol to Propylene (MTP) Process” (presented
to the ERTC Petrochemical Conference in March of 2003 at Paris, France) as having an
expected on-stream portion of the process cycle of 500 to 700 hours before in situ regeneration
becomes necessary and shows a significant drop in conversion activity over the first five
25 cycles. The conventional procedure for compensating for activity decay in a catalytic operation
involves increasing the average reactor temperature to attempt to hold conversion in the
targeted range of greater than 94% of the oxygenate charge.
[0004] The problem addressed by the present invention is then to enhance the average
propylene selectivity of an OTP process over its on-stream cycle time and thereby diminish the

30  requirement for recycle of olefin products other than propylene in order to compensate for

lower propylene selectivity.



[0005] We have now discerned that overall propylene selectivity is a function not only of reaction
conditions and of average coke level deposited on the OTP conversion catalyst during the on-stream
portion of th&/@R0&9868¥2le but also of the hydrothermal stability of the duaPSH (et 003tasy st system
utilized when it is exposed to steam at relatively high temperatures. We have found a binder or matrix
material for the dual-function catalyst systems of the prior art that enables significantly enhanced
hydrothermal stability when used in a moving bed mode of operation of the OTP process. This matrix
material is a phosphorus-modified alugtifg, fARKHXSP B RIRG)ERIIBRPSPhorus and/or aluminum
anions. The average propylene 10 selectivity in an OTP process operated in a moving bed mode can
be signifiCjntlé enhanced if the dual-functjon catalyst comprises a molecular sieve, known to have the

ability to cAR08M at 1Le LA RIS IbcameAdE Rl saory [smsrlacd dhwitsiftarEsRRat ey id Ca+
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fixed bed QitfhprepebRobihd fviarlgénRehRAABITFSBRHRIMIINISGHMEAlSOEIR LERVNVSIEIRRBIS to
provide a realistic and hnically feasible solution to the problem of propylene selectivity loss during
the on-stre%ﬁ?p(?%@régg\e/fféqlré HREQSsShe -THIE AR JeateRildy %qu%sé’ BrspediiemEPart fixed bed

OTP processrivheshpergeshilétbsirans diidasi Anchinith arsteaNTEe ASHMeIpabiassion catalyst

system. A secondary. objective is to improve the econamics of this prior art, OTP process to 25 control
coke HepoS O STt FoRRISR SRETEE P RSP A3 gt EA S KO LR HE AR g 1
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stabilized %%32%5‘% iggafu%?%%lton caused by exposure to steam at relatively high temperatures in both
the on-stream and regeneration portions of the OTP process cycle. We have also found that the
hydrothermally stabilized dual-function catalyst of the present invention can be used to sharply
improve the performance of the fixed bed OTP process of the prior art.

20 [0006] The primary objective of the present invention is to provide a realistic and
technically feasible solution to the problem of propylene selectivity loss during the on-stream
cycle as well as the cycle-to-cycle loss caused by regeneration of the prior art fixed bed OTP
process when operated with a steam diluent and with a steam sensitive dual-function catalyst
system. A secondary objective is to improve the economics of this prior art OTP process to

25 control coke deposition on this dual-function catalyst in order to maintain oxygenate
conversion and propylene selectivity at higher levels relative to the prior art. A third objective
is to avoid severe deactivation by coke deposition of the dual-function OTP catalyst in order to
minimize the severity of the regeneration step that is needed in order to restore catalyst
activity, thereby minimizing hydrothermal damage and prolonging catalyst life. A more

30  general objective is to combine moving bed technology and hydrothermal stabilization catalyst

technology in order to provide a more efficient OTP process.



technology and moving bed technology to maintain catalyst performance near or at essentially
start-of-cycle levels in the initial cycle as well as in subsequent cycles, thereby enhancing the 5
average cye0280/8%6888pylene and minimizing oxygenate breakthrough irRE THEYMANEB6Stream. In
the first step of the process, an oxygenate feed and a diluent in an amount corresponding to 0.1:1 to
5:1 moles of diluent per mole of oxygenate are contacted with a dual- function catalyst containing a
molecular sieve, known to have the ability to convert at least a portion of the oxygenate to propylene

and to intpsgeAvert GRANG LA RHIR 10 0P8 c4Q HisRRrserki feRbasRhRsHSFaRdified matrix

containing labile phosphorus and/or aluminum anions. This step is performed in an OTP reaction zone

containin§gtgenae derdivaPEy snawéliry Herrethesraperiaatizad iual<iaetien a¥al¥fn conditions
effective R@&ﬂ@ﬁ%‘g@)ﬁd%m/ﬁfé BRI ISR IP RRRG RO S SUYRIL RN S HRMEHERELRAMNIRIEfinS

recycled thereto opylene.” An effluent stream is then withdrawn from the OTP reaction zone
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oxygenate, by-product oxygenates, highly unsaturated hydrocarbons (such as dienes and acetylenic

hydrocarS85aan thechsRiom o SrePpERsSes: A REYesBatfiesd adia einsahin iR amoRthassed to a
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separation step is then recycled to the oxigenate conversion step to provide at least a_portion of the
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C4+ olefin-rich fraction containing minor amounts of highly unsaturated hydrocarbons. At least a
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stream and at least a portign of the first C4+ olefin-rich fraction is either charged to an optional

selective I\RIIGERG AR LtERt Shemadayhrcyibdr iy BB O ereasHutepns Aeiaintital

selgstive hiyghpariaiiRgtng SteplETidrEnRe daiselpsidy oy sriivRthig NMysunsalsiiatest s@ppounds
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catalytic oxygenate, by-product oxygenates, highly unsaturated hydrocarbons (such as dienes and

acetylenic hydrocarbons) and aromatic hydrocarbons. In the second step this effluent stream is
passed to a separation zone and cooled and separated into a vaporous fraction rich in C3

20  olefins, a water fraction containing unreacted oxygenate and by-product oxygenates and a
liguid hydrocarbon fraction containing heavier olefins, heavier saturated hydrocarbons and
minor amounts of highly unsaturated hydrocarbons and aromatic hydrocarbons. At least a
portion of the water fraction recovered in this separation step is then recycled to the oxygenate
conversion step to provide at least a portion of the diluent used therein. The vaporous fraction

25  recovered in this separation step is further separated in a second separating zone into a Co
olefin-rich fraction, a C3 olefin-rich product fraction and a first C4™ olefin-rich fraction
containing minor amounts of highly unsaturated hydrocarbons. At least a portion of the Co
olefin-rich fraction can be recovered as a product or can optionally be recycled to the OTP
reaction zone. The C3 olefin-rich product fraction is then recovered as a principal product

30  stream and at least a portion of the first C4T olefin-rich fraction is either charged to an optional
selective hydrogen treating step or directly recycled to the OTP conversion step. The optional
selective hydrogen treating step is designed to selectively convert highly unsaturated

compounds contained in this C4+ olefin-rich stream into the corresponding olefin, thereby
-4



hydrotreating step is performed by contacting at least a portion of this first C4+ olefin-rich stream and
hydrogen with a metal-containing hydrogenation catalyst at selective hydrogenation conditions
effective to ¥AVEPTHIGBY unsaturated hydrocarbons contained therein to tHRCE/BSRA86{98H¥ing olefm
and to produce a selectively hydrotreated C4+ olefin-rich fraction. At least a portion of this last fraction
is then recycled to the OTP conversion step in order to interconvert these heavier olefinic materials
into additional quantities of the desired propylene product. [0008] The invention involves a process for

the selectiaintimatingicokefaccomyge fiata thed TOdshpeapyiesteRTHRSSsheRRexMgI¥herein the
dual-functi ncﬁ%?lxat coptains aéeolitiégmolecular sieye having a structure_corresponding,to ZSM-5

or ZSM-11'0r COnTAS an ELASE RS RY SPUA TR, LIRS LR R EAR Q18 rLish (ih § (S B A 34 or a
mixture of teseraaddridin g $AGO Rrattshbby i Tydeastianozongtpntaisslaieant d-opeuMinmhed
reactors which.are copnected in a serial flqw or paralle] flow configuration with respect to oxygenate
feed and incgnfgl(snel?ig Swvgo%ﬁgﬁygﬁoﬁnl%@%%ss%%r&{?é {qﬂ’ggﬁﬁr@lﬁlﬁf%@%‘% ﬂﬁ&‘?&‘?e@ tht passes
therethroughri@pe0din gopefeandd dhabtnecoxyelecivelfcleyptinaniaios Oyethasrol-elcHimativiether or a
mixture thereof. In this e di the instant process.is referred to herein as a methanol to

pro pyIeneq(aer%%fcﬁl |cr§t%t€elﬁ{l &nﬁ?@i .{%%%E?AS E%ﬁpf)ercalﬁy?g r?g @f@léﬁ%&@&‘fﬁ%"%ﬁ@ﬁ {Hé’li%ﬁ ite
hydrocarbdntéractivertrmsedreyién ohefifiis nseipradtionosidgitofalthennaharafeh aiir geopel &ad +
olefin-rich fractiop and a naphtha product fraction and at least a portion of the resulting second C4+

olefin-rich fraction is charged either directly to the OTP conversion step or to the optional selective
hydrogen {f886hent Stepiavaitioarzafévehe pemeliinhiydradertitreedadapsiadiec! is woyRleddgdhe OTP

25 cpgversip in.qrd dnterconvert these. heavier.olefins into. propylene. BRIEFE
o PR e E‘{ﬁ%{ﬁﬁé’ 16621 e e |S(§181rlo%aé%1§ Gits ?élbsrgrﬁeé?‘gcpreferred
embodimentadéailermiese havimgenitnets VO 2aRndiag 338 F.511Y 52006/ D03REMITIRRN SRAPD
CONDITIONS I qu§ The fallowing term itions are used.|n the present
specification V\ﬁ?‘hﬁt eEi %‘-glﬁownl%égr%]é%élﬁfﬁggse: cﬁ?%p'%%%PﬁD?%% rl:éjéirf’]rr%é%%%?tﬂ ﬁ?ﬁ%ﬂ%ﬁ&‘?&art that
has the satf80%bmpd&seferally,ithe Wb ecstréamzoneacpattitisadtiatitainediny bidnicating &heaoi:
separable g, GARRRGY JRIFTHBM (F Sl SRV RRARIRIER T RSB RPR R ATt MG i BiS2™

15 serial flow configuration with respect to the stream of catalyst particles that passes

therethrough.

[0010] It is preferred that the oxygenate feed contains methanol or dimethylether or a
mixture thereof. In this embodiment the instant process is referred to herein as a methanol to
propylene embodiment (MTP).

20 [0011] A high propylene yield is obtained when the liquid hydrocarbon fraction recovered
in the first separation step is further separated into a second C4* olefin-rich fraction and a
naphtha product fraction and at least a portion of the resulting second Cy4* olefin-rich fraction
is charged either directly to the OTP conversion step or to the optional selective hydrogen
treatment step and thereafter the resulting hydrogen-treated product is recycled to the OTP

25  conversion step in order to interconvert these heavier olefins into propylene.
BRIEF DESCRIPTION OF THE DRAWING

[0012] The FIGURE is a process flow diagram of a preferred embodiment of the present

invention.



after condensation of a major portion of the steam, it comprises an aqueous portion and a
hydrocarbon portion). (2) An "overhead" stream means the net overhead recovered from the specified
zone after QAW EPEFYortion to the zone for reflux or any other reason. FETASHEHEMSStream
means the net bottom stream from the specified zone obtained after recycle of 10 any portion for
purposes of reheating and/or reboiling and/or after any phase separation. (4) The term "light olefins"
means ethylene, propylene and mixtures thereof. (5) The term "heavy olefin' 'means an olefin having

a molecular weight greater than DERMIS 2N OMNDEXPOISS DEF T PIgNgCcess means a process for
converting an oxygenate to propylene and in a preferred embodiment when the oxygenate is

methanol TP i rred to as an.MTP process. 15 herein. (7) The term "oxygenate”
eans arl ok don- s LEd oy et shR B e R HEEE 1 TPl e s S rerm
"catalyst dalstrangmasasingsn€l)meimsting” efwsiraftimedineeithtal yat it pagt exponediosierd at

conversiog), Hions i ithdrawn from the reactign zone. for.regeneration. (9),The term
"average pro ylég%%yg}g%g;isﬁg}n%%%? § P(%It%arglgy%%aénf@dy (fElrrll}llél h%gcgﬁfg?yé yo??%%fé cycle
timeXdivideermptsatibasfarmiognifdhostganaenieny hpdneerdookinglthixoatahigi steasi;ehsn cycle
time. (10),Ehe  terie, duglt ' ! ns.that the OTP catalyst catalyzes both the OTP reactions
and the oﬁefin%nterc%nvgé#s#gf% reﬁ%8%300£§5r§%%5ﬁ3%%p egnag&%f%lfgﬁ’ﬁgi%npaﬂ&%ﬁlene. (11)
The term highiteasbers phsion) a@d/dndiomihend sstieas! mreas tithatonebchd tecof thed dramicins are

readily ¢ lorat ' e structure of the assocjated 25 m ular sieve.
DETAILE d}glizﬁé&c{: ée?f ggr%ng rggér%réﬁ%@@l\?‘ﬁ%%g[ggelﬁﬁer%%%%é’fr%%%R%hr%rerﬁat%%gﬁétant OTP
process catpfipiResEpmomanetheaydatites shenoLyge theefecifistbrbrprebeaioly aftataingctd tfast
2na Xy GG AIBIRAN L i SHARAANN AN TORSARIIRARN SONIBNHTON & 10,4 garhan atoms.
Suitable oxygenates 30'include lower str%[% t or branc egc ain acohgfg,pan(szletﬁé)lr unsaturated

counterparks twaprbgkiniafins sfeuksthelonggemadesompbmissine thesofeffsfiot, tdimdtndather
(OME). -G 2AOHOREBRMA > 2000 A% P BHhanol A L oABSH ety il Jamaldenyde,
dimethyl Iﬁetong, acetic acid, and mixtures thereof. A'préferred feedstream contains Memanal or
dimethylet@dFariaemturssnh aeioteso fasianvering PR cxys@alivh seppiktieepddsenpiefeertion, the
oxygenatgqpedincrrialdisalo e ARl MRIANINAE O RIARII0 R ANRLBY OGN S R¥agarons
containing 5 aliphatic moieties such as - but not limited to - methane, ethane, e yalréne, pl%pane,
butidene lstieiind Ankhrriated axyeaniesnathes Mghoicamtstiiutad eliphipialipdrbyademtacting

containing 1 to 10 carbon atoms. (8) The term “catalyst on-stream cycle time” means the

length of time the catalyst particle is exposed to feed at conversion conditions before being

withdrawn from the reaction zone for regeneration. (9) The term “average propylene cycle

yield” means the total propylene yield during the catalyst on-stream cycle time divided by the

20  total amount of oxygenate feed converted during the catalyst on-stream cycle time. (10) The

term “dual-functional” means that the OTP catalyst catalyzes both the OTP reactions and the

olefin interconversion reactions necessary to convert Cy and C4™ olefins to propylene. (11)

The term “labile phosphorus and/or aluminum anions” means that one or both of these anions

are readily capable of migration and/or movement into the structure of the associated

25 molecular sieve.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The feedstream charged to the instant OTP process comprises one or more
oxygenates. The oxygenate feedstock preferably contains at least one oxygen atom and 1 to 10
carbon atoms, and more preferably contains from 1 to 4 carbon atoms. Suitable oxygenates
30 include lower straight or branched chain alcohols, and their unsaturated counterparts.
Representatives of suitable oxygenate compounds include methanol, dimethyl ether (DME),
-6-



the feedstock with a dual-function OTP catalyst at effective OTP conditions. This OTP conversion step
also forms minor amounts of highly unsaturated hydrocarbons, such as dienes and acetylenic
hydrocarboNs0287 @s6#datic hydrocarbons. Presence of a diluent is useful d§tisHS2O0fPMR3¢htain the
selectivity of the OTP catalyst to produce light olefins, particularly propylene. The use of a diluent
such as steam can provide certain equipment cost and thermal efficiency advantages as well as
lowering the partial pressure of the oxygenate reactants, thereby increasing selectivity to olefms. The

phase chagge RAMIRSRPIGA, ALY ASEH GRIIAIEE, REmEMPIR¥RM IO RLMBDIAG Y HARRIRLEINT

heat between the feedstock and the reactor effluent,”and 15 the separation of the diluent from the

product redbgresloMpreiaras desdpaem septniae pethansd srdstdethshradaniytrssdhssrpbroducts.
10016] As prerspuslyrataledibe aranmddl e dsrd ailibrimidac rNes fomdrled fo 5:1 moles of

diluent per mole of oxygenate and preferably 0.5:1 t0 2:1 in order to lower the partial pressure of the

oxygenate$§aB sy whicselesibrl preavetish ermsrmyitansnd byowdisb dviemnarbemn eqniattng
invengon enyhsiadt ieeysiagsatRbieashane ofipartaibheayyipiglinic Byep eﬁé,t[?aﬁaﬁé,hat contain

significant amounts of olefins other than propylene and saturated hydrocarbons, These recycle

streams wilttefMtans s i el amodats of otiridrehs i nmimbes GHRRFHIC Y SPRIAEE the
amount of gilipRHsRRKMHE Renaddeacinthe TP TRIBacHosReNeI DT esiiashicTaieTaget diluent

to oxygenate mole ratio will diminish 25 once the OTP reaction zone is started up. In the most

preferred Y GiRSRsigR alsodmsinaramgiotsekhichin yosaturadeddnEnsathantosird esdiensaction
zone duringnetagstp1vilb digiRishbonbr MRPHISM A NS AT Paskeatedhy diRfRIonsachLpther inert

materials that are rec;;cled to this reaction zone. \[0017] The conversion conditions used in the OTP

reacli®n zdAdHARES e seleskiviod tho Qldseatpivdrmpndscs dehtolRiRRREHIHIEYIraRyISASduction

of propylengnhfiore He: xySanatesas e/ SaNRISVEQYEaIA R 4AIPRRIALES: FHINARIRDERRARE IS
effective for the conversion of oxygenate over.the known oxygenate conversion catalysts. The lower

temperatursy FEES ah JE H A P I B EIE AR PRSI fee e erirRe Rl p L At ARRIRYY in this -7 wo
2007/08683R R4k TREIRRP LS 6R M TR Ptk Aredveiinre ety anelrfieexaenstatb be

propylene. Preferred inlet temperatures to the OTP reaction zone range from 350 to 500C and more

preferably FBRICYebItETRRASE tpsierdngberiheliern dhsdeadsiar it piddhs Feretot Gt ¥Rt rably
heldito a rarRgRmHrdioid Fke I0iRkE FienMipizehly degiheroal e antipalioshank it ey siehthe 5

acceleratioSrJ3 Ig)grg%k\% éj[g:rp girgq[ﬂeol?yt rgcg%gllygg gggétg experienced when the temperature of the

[0016] As previously stated, the amount of diluent used will be in the range from 0.1:1 to
5:1 moles of diluent per mole of oxygenate and preferably 0.5:1 to 2:1 in order to lower the
partial pressure of the oxygenates to a level which favors production of propylene. All

20  embodiments of the present invention envision recycling of at least one of certain heavy
olefinic by-product streams that contain significant amounts of olefins other than propylene
and saturated hydrocarbons. These recycle streams will thus furnish saturated hydrocarbon
diluent to the OTP reaction zone and therefore the amount of diluent that must be added to the
OTP reaction zone in order to achieve the target diluent to oxygenate mole ratio will diminish

25  once the OTP reaction zone is started up. In the most preferred case where steam is used as the
diluent the amount of steam charged to the OTP reaction zone during startup will diminish in
proportion to the amount of saturated hydrocarbons and other inert materials that are recycled
to this reaction zone.
[0017] The conversion conditions used in the OTP reaction zone in accordance with the

30  present invention are carefully chosen to favor the production of propylene from the
oxygenates. An oxygenate conversion temperature range of 350° to 600°C is effective for the
conversion of oxygenate over the known oxygenate conversion catalysts. The lower

temperatures in this range favor the production of propylene and the upper temperatures in this
-7-



tail end of the individual reactors is allowed to build to levels beyond those contemplated by the
present invention. Most methods known for controlling the temperature increase in a reaction zone
involve utili2XPoWOT8astfble beds of catalyst in separate reactors with inneb&dBPi28d cooling
utilizing appropriate heat exchange means and/or addition of relatively 10 cool amounts of recycle
streams, or portions of the oxygenate feed and/or the diluents that is utilized in the zone. The present
invention contemplates the use of lighter and/or heavier olefin interconversion reactions which are

mildly endopigyavie: AR RRIKAbIFGELAL RIPRTRILER WIRIEARGRIR IR PRAUIRA falge. The prefefied

mode of operation of the instant invention'uses at least 3 movihg eactors with interbed quench

achieved affazsrpiuses o hsmo TR scotioneragenge deimeddoid e feRiaanst provideeieidhiorfzeuantities
of reactants;gpeldisipre. %ﬂe&a&q&%&%&%&gpx@eﬂ%?a{wﬁ%ééﬁoqsl%ﬁJI@f&XﬁiO}; figtigd out

over a wide range of pressures including inlet total pressures between 10.1 kPa'up to 10.1 MPa but it

is well knofFrEEsteheGotmBRidnisrargetde it anbBydropiaenal deagtiveiied andow pieidshe
conditions. JLisihug R IEEERd RpbhieA BehPrsaiyieRiLo b iridRt &Raani Lesiesiis 3Eng0

achieved at 136 to 343 kPa. [0019] The contact time of the reactants with the dual-function catalyst is

ordinarily riéheuded theandinidualrsacks ipadighed duhyilidadevels bexgndvhesesentiaristedbulated
on the basigsobamasananiin liowstairabhasmabie. Mo R yeapeiseamiauPassed to the

OTP conversion zone plus the mass of any reactive hydrocarbon material present in the 25

feedstream BRI gpRsdERlyE atiization i Prudipls bers afratabyshia separaimeenstosnaratisinpeebedt in

the OTP COWE&%@&E%ﬁWHﬂﬁé“%ﬁJ&iW@Q%ﬁQ&ﬂ?é&ﬂ_?%ﬂ&%? Didifen A akvegh a
preferred range being 0.5 to 20 hr-1, with best results ordinarily attained in the range of 0.5 t6 10 hr-1.

[00200%n theekpawats o8 isroslastieapmaRpHuepliths prorsnale fseés@&/%@md?ﬂ.@%ﬁ thy is

hydrothermaiy si@iilizrd.catatist sysigmihauingdhe ferppility AkGRR\THBRNIppAIR VR RigRYlene
as well as the capability of interconverting olefins other than propélene to propylene. Any known

catalytic mARFISPHVELTER teRelopnpinichare spildbecnsothcrme: O Q] EGAei EeRpRERIIERL for use
in the catalyst eusieno eldRBRIfsE MAdBYETHO P e daraisaest G?eW%ﬁQQ?ﬂQ%Q%% invention uses

PCT/US2006/002366 dual-function cataglst contains a molecular sieve as the active ingredient and

more specifitXifpt hpvitednd rerstrasnith dnserhsd arashrshisvahe leveiaaalbsdis flolecular
sievegsare @efinetvasoRdOERAes Al enpta PRI ignHBrRle el BN PRt ReHRkmaf Whish have an
average effective diameter characterized such that the adsorption capacity (as measured by the
standard [0018] The oxygenate to propylene conversion step is effectively carried out over a wide
range of pressures including inlet total pressures between 10.1 kPa up to 10.1 MPa but it is
well known that the formation of lighter olefins like propylene are favored at low pressure
conditions. It is thus preferred to use an inlet pressure of 101.3 to 304 kPa and best results are
20  achieved at 136 to 343 kPa.
[0019] The contact time of the reactants with the dual-function catalyst is ordinarily
measured in relative terms of a Weight Hourly Space Velocity (WHSV) which is calculated on
the basis of a mass hourly flow rate of the sum of the mass of oxygenate reactants passed to the
OTP conversion zone plus the mass of any reactive hydrocarbon material present in the
25  feedstream or any of the recycle streams divided by the mass of the dual-function catalyst
present in the OTP conversion zone. WHSYV in the OTP conversion zone ranges from 0.1 to
100 hr-l, with a preferred range being 0.5 to 20 hr-1, with best results ordinarily attained in the
range of 0.5 to 10 hr-1.
[0020] In the oxygenate to propylene conversion step it is preferred to use a dual-function
30 hydrothermally stabilized catalyst system having the capability of converting oxygenates to
propylene as well as the capability of interconverting olefins other than propylene to
propylene. Any known catalytic material that has the capability to catalyze these two reactions

is a suitable ingredient for use in the catalyst system of the present invention. The preferred
-8-



5 McBain-Bake gravimetric adsorption method using given adsorbate molecules) shows good
adsorption of oxygen (average kinetic diameter of 0.346 nm) and negligible adsorption of isobutane
(average kin®QeMait8ese? of 0.5 nm). More preferably the average effectiveR§idig2896/&¢Heracterized
by good adsorption of xenon (average kinetic diameter of 0.4 nm) and negligible adsorption of
isobutane, and most preferably, by good adsorption of n-hexane 10 (average kinetic diameter of 0.43
nm) and negligible adsorption of isobutane. Negligible adsorption of a given adsorbate is adsorption of

less than {yge:neigsnt Ry e i ahle colabish ihareasmoadiadsariaens:an amoupkeifallys

cut-off value IS test. Certain of the molecular sieves useful in the present % glrlon have $ores
with an avbeageleftdatisie o dararlptivelyssnaihposes lef?é’é‘?zfé%{"d]es%ﬁé& SYINE Bbtes of

preferred SRR 86Hkes porkonV. ﬁm@&ﬁﬁ@w&erage
MOLECUg%@%ﬁ%v%éﬁég%{%ﬁﬁﬁv?/ﬁ%gy%?Sons ew York (1974), her:by?nco d?, r@%}cﬁ% cein

its entiretyefftativie Wéﬁééﬁ@@@ﬁ%é@eﬁ“‘i@ ﬁ@é@?&émf@ﬂﬂ%ﬁ%ﬁ% ularly

shaped, e\g.peilinligal. M&Q&Bﬂfﬁﬁ'm%ﬂﬁi@%&ﬁgegmra&efwa@elmwmmwm%ﬂ@at can be
adsorbed rather than the actual dimensions. Preferablg the sm Il pore c ﬁgsts haV(?é stantlally

20 unifornajseretinn efere/gsny(aceisgalingiiv 9%‘??%‘])9 it l- function

catalysts Qg e cRGGH JEAUH B AishioNbE mﬁwﬂ&@y@f@mﬂmﬁw@h@e dffedﬁwlaraﬂmms
[00211 Zeolitic molecular sieves in the calcined form may be repre ented%é?/rﬁr&?lt nefagr1 formula: 25

Me2/nO: Alszbaraeiroizedipysoashadsonnsios fosmemn (@Yriass %ﬁtécf st e cation
valence angd ;b aaéf@l’%ﬁl&f SFROHLAE W@r@@dp%%fhmﬁlw|go%dfa&&rﬂﬁﬁa2)]fﬂeﬁMWhlch may

be used include chabazite - also referred to as Zeolite D cllnoptllollte erlﬁnlte f% a mordenlte
I

Zeolife A, (eetneeinetidiamean o043 AR regbeibie P Ha RGO RHHREITSEISH St (e, those

having framewarlcsiliea ipvalvaigstakas ﬂi&ﬁiﬂ{cﬁmmé&&mﬂtﬁy&qﬁﬂ@tﬂ@twm dfBanith good
results achieved at a silica to alumina, mole ratio of 150:1 {q 800: %?{ gSPref?{red P e such

high silica ceidie wherses e dadrandonsis ahAE U, VLRt S ER ereln eludes boq[h the

silicapolymorpi, 3, Mek cORKRAGH A% %ﬁ?éhﬁﬁ%&@ﬁ&@@pdﬂé@l@aﬁmwag&ﬂ%ﬁﬂeﬁlmm the
F-silicate disclosed in US 4,073,865. The referred zeolites for use.in t%ﬁg t invention have the

structure of 2%@&%%!@@13"[@@29}3% olPRE P AR RGE of ca?fatfysst for use in the
present iINYRHRRNSI by measurements described in D. W. Breck, ZEOLITE MOLECULAR SIEVES by John

Wiley & Sons, New York (1974), hereby incorporated by reference in its entirety. The term

“offective diameter” is used to denote that occasionally the pores are irregularly shaped, .g.,
elliptical, and thus the pore dimensions are characterized by the molecules that can be adsorbed
rather than the actual dimensions. Preferably, the small pore catalysts have a substantially

20  uniform pore structure, e.g., substantially uniformly sized and shaped pore. Suitable dual-
function catalysts may be chosen from among zeolitic molecular sieves and non-zeolitic
molecular sieves.
[0021] Zeolitic molecular sieves in the calcined form may be represented by the general
formula:

25 Meo /n0:Al03:xS5i07:yH20
where Me is a cation, x has a value from 2 to infinity, n is the cation valence and y has a value
of 2 to 100 or more and more typically 2 to 25.
[0022] Zeolites which may be used include chabazite - also referred to as Zeolite D,
clinoptilolite, erionite, ferrierite, mordenite, Zeolite A, Zeolite P, ZSM-5, ZSM-11, and MCM-

30 22.Zeolites having a high silica content (i.e., those having framework silica to alumina ratios
greater than 100 and typically greater than 150 with good results achieved at a silica to alumina
mole ratio of 150:1 to 800:1) are especially preferred. One such high silica zeolite having the

structure of ZSM-5 is silicalite, as the term used herein includes both the silicapolymorph
-9.



a zeolite having the structural configuration of ZSM-5 or ZSM-11, sometimes in the literature 5
referred to as having a "pentasil-type" structure and disclosed in US 2003/0139635A1. A borosilicate
zeolite haviNgQRBOZEMBE or ZSM-11 structural configuration is disclosed asP& THeSEMGAMRApTreferred
dual-function catalyst in US 4,433,188. The dual-function use of a ZSM-5 catalyst system is disclosed
in US 4,579,999 wherein a methanol to olefin conversion zone is also charged with a recycle stream
containing ethylene and a separate olefin-rich C5+ 10 gasoline stream in order to increase the yield of

C3 to C4 algtinsdn he§506tueAMAL168aRE sTRRinERsed erein oThgserpt %&?&99& catalyst

having the mgrdenpite structural configuration is disclosed in GB-A-2171718. [0024] Non-zeolitic

molecula § IHERSGERT RSP IRV IR Y A AR SRR BRI Lok Kze and are
embraced 923 empiticalshprofeaa QIR R BnBHN LAY Sl B D ASiBe HIBEESSRI BTG

empirical formtlla: (ELx 02 where EL is an element selected from the group consisting of

AlyPz .
silicon, m&gihe ﬁﬁ?@%&?ﬁ”ﬁ%ﬁlﬁ%ﬁ%ﬁﬂ%@%@%?&ﬁ%ﬁ%ﬂ%&?ﬁ%ﬁmﬂh@ﬂé@ﬁaﬂ§ the

molesfraciiefe@édio antasingt depshd 80y petssthemeledaastion el alimimmnantkissas jepsi0.01, z is
the mole ractiog c% Z%@migﬂhorous and is atleast 0.01 and x +y + z = 1. When EL is a mixture of
metals, x TEpres&hit: Véf?ﬁ&hﬁ?ﬁ‘ftﬁé Wit nspr R aniispationislistlrseARS EL) are

valious B ADOS Mavhe il b U AR 1t (A L g e g (o 40871
various E m ound in , , ; 1,554, e ; 440,
(SAPO): gg&%ﬁ%ﬁw{%}Sl\ﬁ#ﬂbéidZH&éé:yz’%’??gA eify 8 mefhanghip iatpEPYEsions, 651
and US 47210, #sdapnased yvithe: LAGIO sthelecebat:sieng shigeasihe sisashRY Ve mibrmmal

crystallization from a reaction mixture containing reactive sources of EL, aluminum, phosphorus and a
tem% Slating RSURE TSARMLOTIST, FRdBgrase @%ﬁﬁ%{ﬁiéﬁ anfroé e diristreaMiiGrate salts.

When EL seastiimonose giglesattbauiacTadusast codoligiel orniecipiatedinilicarRisfevestreagtive
Preterred (AN LRSS I otk b ornary ammonium compounds. An especialy
preferred [0824]latiniagent isitaiiakinltasinesineliicioidalet s RkvTibe savelheopsterials are
oo el sy e el Al e
sedr fronb ks, commibsised bietiehingsridal BrGaaf, 243 and US 4,527,001. US 6,455,749 has specific
teachings on the use (ELyALP,)0;

where EL is an element selected from the group consisting of silicon, magnesium, zinc, iron,

cobalt, nickel, manganese, chromium and mixtures thereof, x is the mole fraction of EL and is

at least 0.005, y is the mole fraction of aluminum and is at least 0.01, z is the mole fraction of

20 phosphorous and is at least 0.01 and x +y + z = 1. When EL is a mixture of metals, x
represents the total amount of the element mixture present. Preferred elements (EL) are silicon,
magnesium and cobalt, with silicon being especially preferred.

[0025] The preparation of various ELAPOs may be found in US 5,191,141 (ELAPO);
US 4,554,143 (FeAPO); US 4,440,871 (SAPO); US 4,853,197 (MAPO, MnAPOQ, ZnAPO,

25  CoAPO); US 4,793,984 (CAPO); US 4,752,651 and US 4,310,440. Generally, the ELAPO
molecular sieves are synthesized by hydrothermal crystallization from a reaction mixture
containing reactive sources of EL, aluminum, phosphorus and a templating agent. Reactive
sources of EL are the metal salts such as the chloride and nitrate salts. When EL is silicon, a
preferred source is fumed, colloidal or precipitated silica. Preferred reactive sources of

30 aluminum and phosphorus are pseudo-boehmite alumina and phosphoric acid. Preferred
templating agents are amines and quaternary ammonium compounds. An especially preferred
templating agent is tetracthylammonium hydroxide (TEAOH). These ELAPO materials are

known to catalyze both the direct conversion of oxygenates to light olefins and the
-10 -



of silicoalumino phosphate catalyst (SAPO) as a dual-function catalyst and specifically has a
preference for SAPO-34. In addition, US 6,455,749 contains a reasonably clear teaching of 5 both the
use of a SAMVO-BWHIBEBH catalyst system and a ZSM-5 bound with silica tyPeTdPS28aNs8eystem for
use in the interconversion of C4 olefins to other olefins. [0026] Best results in our invention with a
non-zeolitic catalytic system are obtained when SAPO-34 is utilized as the dual-function catalyst while
best results with a zeolitic material are obtained with a highly siliceous ZSM-5 or ZSM- 11 type of

material BRI EeETiion @b AlRfiia 2 deradRverdeholefings emisostsBion tscemelitgdeferably 400:1
to 600:1A panic\Watls Peieres prnbadiment @i dryessionghispsesneldmiep i 2R0litic

catalyst system with a non-zeolitic catalyst system. This mixed catalyst embodiment can be

accomplfdriticerheringphosphniy SealyaiRaL o) paridned-Eaiion saiahstansditecrifieati hori particles
containing.fheRRrAeeAbeMateHalanibe, ¢aialys Samhe farmulpied B ieiie.mypes of

material 15 into the phosphorus modified aluminum matrix in order to form particles having both

ingredieRIbFE_ 8¢ B SIAT -3kt caberinlysirordaaded mBEMMtio b osndwith sdier RS or ZSM-11
with SARG B FIGHUS ABOHReTHe (bR st 81 £61Mindd t6 UMHRFSRTIRD. 10 95 wt-% of the

molecular sieve portion of the mixture with a value of 50 to 90 wit-% being especial% preferred. ?0

[0027] AlBPRred BRibERSHE M SRERBVFRIE Bt ReRRic - o e mestRrpears ebirise whase

ELAPO yayins 9m Q:iedadibdnale iagintalhiky Hinewibananasisnensiiichatea i05ed
concentration of all the elements is between 0.005 and 0.05 mole fraction. An especialli preferred

embodine@fiined Mathamsbbysilicsencgabs Kk tdine Hfamstamiabhaving a5k 40,MRRaN be

usgyl in thedsant YR 85 sMbATHasSmaesssibreiiRabl U604 448601, WPamikbdfid98, and US
5,191,141. Of the specific crystallographic structures described in the 871 patent, the SAPQ-34 (i.e.,
structure’fyFETed P18 Fee gxesons S i Rf ReRdpse R paerhifitheatal ke aHbh but

does notagsnredEEeWANSsiRJIEAN T RNAh i HPSa R SABSMING R c4rPh a OB IRARLPAPO-17,

disclosed in the 871 patent, is also preferred. The SAPO-17 structure is characterized in that it

adsorbs GHg &P sl ixhue pfRaraeles sraBE ot FeSIE L BItREAE VI RS PR HEES pore
opening t%%&ﬁ&%folh@rﬂa?eﬁhﬂﬂﬂtﬂ@%ﬁtﬂﬂ% &afl ¥o {&Q&%HEHQ)? Eﬁfﬁfﬁ%@ﬁ@%%&sﬁiﬂ\fﬁdfé@ﬁﬂdiem is

incarporated or dispersed into a _ phosphorus-modified alumina matrix containing labile phosphorus

andlor alHRiMsREgSRIEYS medifid) bepinuEsaesis Eroieniusen pakl s itk ermally
stabilizehpeu@iests piespat titdsin Theeiglativaatho yriteatinalamilaniof Yea mixture of ZSM-5 or

ZSM-11 with SAPO-34 in relative amounts such that ZSM-5 or ZSM-11 comprises 30 to 95
wt-% of the molecular sieve portion of the mixture with a value of 50 to 90 wt-% being
especially preferred.

20 [0027] A preferred embodiment of the invention is one in which the element (EL) content
of the ELAPO varies from 0.005 to 0.05 mole fraction. If EL is more than one element, then
the total concentration of all the elements is between 0.005 and 0.05 mole fraction. An
especially preferred embodiment is one in which EL is silicon (usually referred to as SAPO).
The SAPOs which can be used in the instant invention are any of those described in

15 US 4,440,871; US 5,126,308, and US 5,191,141. Of the specific crystallographic structures
described in the ‘871 patent, the SAPO-34 (i.e., structure type 34) is preferred. The SAPO-34
structure is characterized in that it adsorbs xenon but does not adsorb isobutane, indicating that
it has a pore opening of 4.2 A. Another SAPO, SAPO-17, disclosed in the ‘871 patent, is also
preferred. The SAPO-17 structure is characterized in that it adsorbs oxygen, hexane, and water

30 but does not adsorb isobutane, indicating that it has a pore opening of greater than 4.3 A and
less than 5.0 A.

[0028] The preferred molecular sieve ingredient is incorporated or dispersed into a

phosphorus-modified alumina matrix containing labile phosphorus and/or aluminum anions to
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to alumina matrix material is preferably set so that the molecular sieve ingredient is present in an
amount corresponding to 10 to 75 wt-% of the particles with the balance being this unique alumina
matrix. BestWEsHI§3/8eS8¥htained when the molecular sieve portion constitufsTBESPNERH6.9 of the
resulting catalyst particles. In order to facilitate movement of the resulting dual- function catalyst to
moving bed reactors as well as the associated regeneration zone, it is highly preferred that these
particles have a spherical or more near spherical in shape. The diameter of these catalyst particles is

preferabiy oAy @:Sherh A il Resiyaoul selsd piticRiaimae ratiiivephesigat particiesaving e

diameter of 1.6 mm. 10 [0029] The phasphorus modified alumina matrix used in the present jnvention

is to be ISHYREHRATHS MAlvEah RITEIROS Srtie that R Belag ke SiRvn MErHSTha S Widhested in
the prior gy hrAsuls esR@ipesingt - 13964/ 1%1betalpafalis GutieiRashRAC iR itie imigadure and

will not provide aluminum anions that can re-aluminate the catalyst. In sharp contrast th
phosphoFEHHRG JHEEPS LR AR A BHEET DLORR A RAEFENR E VG RAEH BS PETALHSE BB 70

phcﬁphoms’/gaﬂtﬁwfeénumgaﬁdwgﬁsﬁpﬁm&?@m?/dmebffeauma@gmmemﬁmﬁfrmmgmcnmundergo
migration, or dispersion into the bound molecular sieve at OTP conversion and regeneration
condition NS5 LoRE W DS ACN P Qe 5 P SIS SREHE RS Ak AR tne

moleculgrefereddainatiopamiditdiave deglisvapsionsmeabanishriiianioldepartie diatiamreodrk
those oSS IRE &1 PYCAIFIN DSREAH FOIRG R B B A A e T octed
aluminupheaicid partelial histagin tensrsetiovantion is preferably a hydrogel manufactured using
dfhincr VOB ric. RO ASESP PRSP S T AEAHERA b WRRTLPALE 5 ERloride amior
of 0.7:1 distibghishbé ﬂmemaarmmmmwiamm@pmaﬂdmmmeqhmma«gmwdtm
G S AP e el B O PSS R Eien s S o
correspomnshice Wil milkinotiprdeidpaliatirenarnchisiesatinpeati abpileasineet tiat crialgxpdctdato be 30
O e, S PR oD S RS RS gy oo
mateculatosiries bottepivespiiotos andithenwitinin shinnartige afldlylldos800bbuaddagahemadsradly 400:1
o 600:1'0} 20‘}{;/ Qa:r% %Zé?gg ?nefgraﬁgn”(l)% 189%95/%%21%?06’(% bound molecular sieve at OTP conversion
and regeneration conditions. These anions are then available to repair, anneal and/or stabilize
the framework of the molecular sieve against the well-known dealumination mechanism of
molecular sieve framework destruction or modification that is induced by exposure to steam at
20 temperatures corresponding to those used in the OTP reaction zone and in the regeneration
zone.
[0030] The phosphorus-modified aluminum matrix material used in the present invention
is preferably a hydrogel manufactured using the oil-drop method in accordance with the
teachings of US 4,269,717. The preferred hydrosol is an aluminum chloride hydrosol prepared
25  to contain aluminum anions in a weight ratio to chloride anion 0f 0.7:1 to 1.5:1. The molecular
sieve ingredient is preferably added into the hydrosol prior to dropping.
[0031] A particularly preferred feature of the present invention is to steam the molecular
sieve powder before it is added to the phosphorus-modified alumina matrix at conditions that
correspond to the maximum temperature and steam partial pressure that are expected to be
30 experienced during use in the OTP application. This pretreatment procedure is preferably
performed for a duration of 1 to 50 hours or more until the silica to alumina ratio in the
framework of the molecular sieve corresponds to a value within the range of 150:1 to 800:1

and more preferably 400:1 to 600:1.
-12-



[0032] The phosphorus content and surface area of the phosphorus-modified alumina matrix used in
the present invention are preferably set on the basis of the data presented in Table 1. TABLE 1
Phosphorus@cdificdtB@&ifmina Spherical Particles Properties Sample 1 2 3 BEHR2006{003p6¢ 1.2 3.3
6.3 15.7 18.5 24.7 Al1:P molar ratio co 45:1 15:1 7.3:1 2.3:1 1:6:1 1:1 Wt -% 7A1203 detected by
X-ray 85 75 60 41 4 0 0 diffraction A120~ Crystallite Size, A 40 3534 32301 01 SA m/g 225 275
349 336 322 242 141 PV cc/g 0.51 0.61 0.77 0.75 0.69 0.66 0.91 PD A 91 88 88 89 86 109 258 ABD
g/cc 0.75[0&RD.59 DisdbospH01EE mnt@nsmamiiﬁlerai&y GfHh3. ﬁ%ﬁ;ﬂﬁﬂ%ﬁ@dﬂﬁea Zandinadicates that

the spher; %l_gp rtic ere total yam rphous O nth dlfled luminum matrix
constltute%C]l )? %Fv%%\ﬁ} %eée Blr‘é era&f}r 5 ﬁje ca a%)fs?f%ﬁsﬂ%pé 3 [frJTe]sent

mventlon,Ttdﬂﬁqohosphorus content of the matrix should be held in the range of 10 to 25% wt %, with
best results at 15 to 25 wt-%, both calculated on an elemental basis. With reference to Table 1 it can
be seen that these ranges of phosphorus content ggfrgegponds to a matrix surface area of 140 to
330.5 m2/g and an Al to P atgmpisraiimafifich Ibndid With-Represwiretaingd at a matrix surface
area of 10 18dntsie320 m2/g and an Al to P atomic ratio of 2:1 to 3.7:1. [@034] A highlyg preferred aspect
of the preseMtifiv@ntion is a hydrothermally stabilizéd coibositioh of hatter (EOM)&6mpeising 10 to
75 wt-% of aAEBmoBoratiozSM-11 zeolitic moleculawsievdtaving: & sifiéalto dl3vhind:ékdmelvbrk mole
ratio of 150 Wtg60 M 2P disBirERONFith 25 to 90 s -% ofsa phgphoryg-modified alymina gnatrix

containing &bt ﬂ@‘bho?phorus nd/or aluminum anions. In another COM embodlment the present
invention ¢ Eg’é}'ﬁi’é ined above in wHigh th hos orus;tonte of th atrl is 10 to 25
wt-% there Iciflated on an elemental basis. In g irdO odjment pre ntlon
comprises t § first defined above in which thgalumjga angsohosg orus é:ont e matter

are sufficien Ryide a matrix having an alumlny%to @tg@spi@pgys 2@5@tonyggath)ggl lot@55 3:1and
a surface argreRial42461330.5 m2/g. A fourth COMs 5 338 293 267 248 229
°1 indicates that the spherical particles were totally amorphous

[0033] When the phosphorus-modified aluminum matrix constitutes 25 to 90 wt-%, and
5  preferably 30 to 50 wt-% of the catalyst system of the present invention, the phosphorus

content of the matrix should be held in the range of 10 to 25% wt-%, with best resuits at 15 to
25 wt-%, both calculated on an elemental basis. With reference to Table 1 it can be seen that
these ranges of phosphorus content corresponds to a matrix surface area of 140 to 330.5 m%/g
and an Al to P atomic ratio of 1:1 to 5.3:1 with best results obtained at a matrix surface area of

10 141 to 320 m?%g and an Al to P atomic ratio of 1:1 to 2.7:1.
[0034] A highly preferred aspect of the present invention is a hydrothermally stabilized
composition of matter (COM) comprising 10 to 75 wt-% of a ZSM-5 or a ZSM-11 zeolitic
molecular sieve having a silica to alumina framework mole ratio of 150 to 800:1 in
combination with 25 to 90 wt-% of a phosphorus-modified alumina matrix containing labile

15  phosphorus and/or aluminum anions. In another COM embodiment the present invention
comprises the COM defined above in which the phosphorus content of the matrix is 10 to 25
wi-% thereof calculated on an elemental basis. In a third COM embodiment the present
invention comprises the COM first defined above in which the alumina and phosphorus
contents of the matter are sufficient to provide a matrix having an aluminum to phosphorus

20  atomic ratio of 1:1 to 5.3:1 and a surface area of 140 to 330.5 m2/g. A fourth COM
embodiment of the present invention involves the COM defined in any of the previous COM

embodiments where the COM is prepared by using an oil-drop method. A fifth COM
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embodiment of the present invention involves the COM defined in any of the previous COM
embodiments where the COM is prepared by using an oil-drop method. A fifth COM -13 WO
2007/086839 P2IPT98#396/002366 embodiment involves the COM define@{AtHE2R96/4P2EOM
embodiment wherein the high silica to alumina ZSM-5 or ZSM-11 molecular sieve is added to a
preferred aluminum chloride hydrosol prepared to contain aluminum anions in a weight ratio to
chloride anions of 0.7:1 to 1.5:1 and thereafter the resulting mixture is oil-dropped. 5 [0035) The
optional seleadivechy drogienstthattiaivit &tfipedfithihefesahtGdiddinbodinesignbed-cio telddivellica

hydrogenate highly urm rocarbans such.a%pd'e s and/or acetylene hydrocarbons that are
formed iﬁ"tﬁ?é“@gfﬁ %%%i\iaegrgfon S é)[{)qi A r%"i:?%% AMSURtE {Le° eé)sat]’%raer%0 ev%ta%%?%ﬁlecgliﬁgéﬁt of
oxygenatydess icarpartdd@oshtypicdtinihith tmibnwtin%s weifle aatiovotcldorideacnd/ohile7thése highly

unsatuLa§?§Hthéqﬁarb%§ 91% Q%tu Eggreser%ra subﬁté ntial spurce 10 of propylene yield loss, we have

found t ey aré g%%rg significan EontbUToY £0 the Tate of coke deposition on the dual-function

OTP catfiSs]T heylarcoptivadh etenisoshado gem - ¢atrcemcteyraféhio phusdie avyeotefinib desigaiedt
streams yecavered.from.the OTP.conversion step., When one or more of these hea lefin by-product
Sreams B e R R S R ISR e
cause OlRicatadlyssl thah statfiditynedic hie QI czny éesi ditctepsig mificanddosmin Hropysetieasdlectively.
There are af, least twa possible sources.of heavy olefin recvele str . The firstis a C4+ olefin-rich
fraction twgt/f)sos;ﬁﬁ%?a é%‘}%r&goé‘ CESF%SS%G rac |‘6)é11%v°\/ %}15?[#111% % @gmﬁé’d‘ f‘?’gm);tﬁgﬁé?fﬁdgﬂlfmétream
from the @itehydidn ttess Inghly prisatmptefibypdiocadimg dodcaparasin swmbsikhtalkswone source
IS a-seco 4+.olefin-ri r hatd rated fr IQui ion, regovered
i s O BT B S R L A e
a portioncokedepositiothaf thedwaGAmdiefirOmdthcstrysh I heychrargeit 1precaropiicmdl tsatbttive hydrogen
treatment step in prde ' it ¢ t r ' efins. Itis
a preterr e B B otreating
step andWiere qneferalone 70 tiueseh@sweledinbrpredutbstyesmsiastnsayelSliteshadetilene can also be
present i . t5.| Inzrich, st f f stream and
since th ep%%%ﬁ%cgﬁ %?B}I‘g%‘g?)%/s%%gﬁs#n%g% ?\?é{rhjts 3%%@1%%0%%%%@5@%&%%&1{ of any C2
oldfin-richn$taletivy whishvisrsurferndeyd|to camghifichal desd to P vistioseletisedyrdaitime et prior to

recycling da. i QIR FRVEIRAD S Ru] e AU el Assenca ia G2 glelinfroxele stream is too

high, 30 the preterred practice Is to charge at wt -% and more preferably 70 to 95 wt -% or
more  fraction that is separated from a vaporous fraction which in turn is derived from the effluent

stream from the OTP conversion step in the primary effluent cooling and separation step. The
second source is a second C4+ olefin-rich stream that is separated from the liquid hydrocarbon

20  fraction recovered in this OTP effluent cooling and separation step. In accordance with a
preferred embodiment, at least a portion of one or both of these C4+ olefin-rich streams is
charged to the optional selective hydrogen treatment step in order to selectively convert these
coke precursors to the corresponding olefins. 1t is a preferred practice to charge at least 50
wt-% of any heavy olefin recycle stream to this hydrotreating step and more preferably 70 to

25 95 wt-% or more of any such stream. Since acetylene can also be present in trace amounts in
the Co olefin-rich stream recovered from the OTP effluent stream and since the dual-function
OTP catalyst can interconvert ethylene to propylene, a portion of any C olefin-rich fraction
recovered for recycle can be charged to this optional hydrotreating step prior to recycling to the
OTP conversion step. If the amount of acetylene in this Cy olefin recycle stream is too high,

30  the preferred practice is to charge at least 50 wt-% and more preferably 70 to 95 wt-% or more
of such C» olefin-rich recycle stream to the hydrotreatment step.
[0036] The optional selective hydrogen treatment step involves contacting at least a portion

of one or more of the heavy olefin recycle streams and hydrogen with a metal-containing
-14 -



of such C2 olefin-rich recycle stream to the hydrotreatment step. [00361 The optional selective
hydrogen treatment step involves contacting at least a portion of one or more of the heavy olefin
recycle stre¥¥R28H@#fdPogen with a metal-containing -14 WO 2007/08683BHAFRAOGA928902366
hydrogenation catalyst at selective hydrogenation conditions effective to convert any highly
unsaturated hydrocarbons to the corresponding olefins. The catalyst is preferably maintained in the
hydrotreatment zone as a fixed bed of catalyst particles which can be in any suitable shape with a

sphericahwiregrnaticarstdys sairlggiterdydrpsendiensaniiléens kifersins thoonver garhelyof 1 to 10
mm andiyfsBu Rl ioraiOR o ThE &ﬁ{%%?é!ﬁdﬁlifgjs‘?&%@ﬁq{% conditions,Hilizasdyndhistradment step

are selected from conditions known to be effective to convert highly unsaturated hydrocarbons to the
correspdhaiylerEragnent eontrpAngbpdipdieaiahtaeytisles Wi genbeion aeyiRe df8aiRsnding
fully satugaied CAGO8 1A SIEMAD Ul VbRl AREID BEAAIEs YrSfisbiPreel & With best

results at 75 to 150C; a pressure of 101 kPa to 4.05 MPa which is sufficient to maintain a liquid phase

and a ligtierssenRf Jpackdvemand@radyPeH L 9 80 hfl with best results achieved at a LHSV of 5 to
20 hr 1. {9 Th%@&1&@%&%&%@&%&&@%Hﬁeémﬁmﬁ%méﬁﬁQ@IQMQ Revide 0.8 to
p

10 moles, preterably | to 2.5 moles, of hydrogen per mole of highly unsaturated |5 hydrocarbons

charged fveraRnditiass kne B iodre sEteriNg (R sgancEbhis vy oA Brderssiens inthshe
olefin-cogiainipentaad siteamviaitbissienand sanikemddedindsrentartliatihedygeotreatment zone

in concurrent or countercurrent relationship to the heavy olefin- containing feed stream.q{_OO%Q] The
hydrogeRarigrPeatinssfltiisaym Ay paeHar Py Bt e iR 4 b Bt o eGP
selgctiverhyelrogRAailNEaIRY St sorshis oR icaiisuandrismreferably. @5 KAMRRIRAIOR ohfkeRialytically

effective amount of a metal hydrogenating component with a_suitable porous carrief material. In some

cases arfmtiRtamechadamasnansedimsdmealysaacs Yeaeiv S VA bt A to'HB Bsthiyst in an

amount saffigieniHr Rk L1 Bigasiansially oglirhinate any hydrogenation side reactions that produce a
fully saturated hydrocarbon such as 15 the corresponding paraffin hydrocarbon. [0040] The metal

hydroget38] comsaneraheéisrdmpesdsthugedie tuigEegrmsststeninaitmmtioAoyids i and
mixturesgghpserbiwithraiskdipeing Dsatesiad of hedasaen peraer istpigiaiakivasffietent to provide a

hydrogenation catalyst that contains 0.01 to 5 wt-% metal component calculated on the metal with an

amount S¥ereearBons e gss; ﬁ@fﬁ@fe%ttelﬂ?sﬁ\f‘ portion of the hydrogen can be dissolved in or

admixed with the olefin-containing feed stream to this step or it can be added independently to
the hydrotreatment zone in concurrent or countercurrent relationship to the heavy olefin-
containing feed stream.
[0039] The hydrogenation catalyst utilized in this optional hydrotreating step can be any of
20 the known selective hydrogenation catalysts for this application and is preferably a
combination of a catalytically effective amount of a metal hydrogenating component with a
suitable porous carrier material. In some cases an olefin selectivity enhancing component (i.e.
an attenuator) can be added to the catalyst in an amount sufficient to block or substantially
eliminate any hydrogenation side reactions that produce a fully saturated hydrocarbon such as
25  the corresponding paraffin hydrocarbon.
[0040] The metal hydrogenating component is preferably selected from the group of
nickel, palladium, platinum and mixtures thereof, with nickel being preferred. The amount
used is preferably sufficient to provide a hydrogenation catalyst that contains 0.01 to 5 wt-%
metal component calculated on the metal with an amount of 0.05 to 2 wt-% being preferred. At
30 least a significant portion of this metal hydrogenating component is preferably maintained in
the hydrogenation catalyst in a metallic state although in some cases a metallic compound may

be used, such as the corresponding metallic oxide and/or sulfide, with good results.
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30 least a significant portion of this metal hydrogenating component is preferably maintained in the
hydrogenation catalyst in a metallic state although in some cases a metallic compound may be used,
such as the W&y R88B%Eii%g metallic oxide and/or sulfide, with good results. RGNV WO092086839
PCT/US2006/002366 [0041] The optional attenuation component will be selected from the group
consisting of copper, silver, gold, gallium, iridium and mixtures thereof. The amount of the attenuator
component added to the hydrogenation catalyst will generally be sufficient to produce 0.01 to 2 wt-%
thereof, cajguipted op the metal. wilh QLA Qhidd Wik aeRshRtCAiving basiGigseits. When
copper, Si@#ﬁ go%a]lnse SHH%@ %t?él%%{[}%%?u%@gné‘g portion of this optiona?g%{[te%uator component will
typically beoipptinesihveta ficldsagaliinmg arithiasy, avd enixfanes thereafidibariaesd eHiks #éSIdre obtained
when a substantial portion of i 1O SUMRRRE Rk SR B bindbE R Hsgr sl 4AA4e] T he
porous ca?ﬁénrpr%%etré{:% %@% itshﬁeﬁ%%%%gagc?n catalyst will%generaﬁy have a 10 surface area of 10 to 50
m2/g and inchédbetieSatidovitatedendhametdlsiith asinoyet A 4ad whivassasalyahgaabest
synthetically arengied and naturally Qeuing, WhHISh IR QHRLAtANP AeskiaIad ofpiorsRMPle,
attar%elgusr%%%?'%%nc %E’/?% fayt{%?n%((:%cgus earth, fuller's earth, kaolin, bz}ntonite, kies,egiﬁhr, etc.; 2)
refractory atieryatic axidessutcniddyisalivbeimtiometabigatateifaompirehohee, SFRiGh oxide,
berylium QA ANRUHPYIRIC SN B AdEwha PUIBRFBor1DG OKide itagiiey BoRptacihoria,
silica-alumina, silica-magnesia, chromia- alumina, alumina-boria, silica-zirconia, etc.; 3) carbon and
carbon-ricks matetaglsdsuctheoxutegiedral; 4) spinels, such as zinc aluminate, magnesium aluminate,

calcium aw@g@eé :t[gw @?@Cﬁ%@b ahiong R mANeHAIS iBﬁ%é%ﬁl?l@R@ingTé}%ile'fﬁ%aThe

preferred or use In the hydrogenation catalyst are refractory ingrganic gxides, with

best fesultarE@obtedrnatd \/ithArmakganshinskideithe odlosic masaial it shasshe i @talline
aluminas %@ﬁﬂ%ﬁ%&gﬁ%h&t@éﬁﬂﬂeﬁgﬁ@'ﬁ%@%é’a‘ﬁ@B&ﬁf@ﬂ%c@ﬁﬁiﬁg@k&)ﬁiﬂl‘ﬁlﬂiyiBﬂrﬁ@ﬁh&su|tS-

In addition, in"so Iment§, the alumina’carrier material may contain minqr g{qporti ns of alkali

and/or alkadinei®trdteskifssaanme.cienuhais Riowshiatslaorfironpsarus sats B 588ka, 25
zirconia, MagResia Eifiid MSUsRiiN G RIClsHateRIY rabisbsianbalica e uammarentiar alumina
S(S

Preferred cataly ave an apparent bufls densit%;ﬁc]) 0.3 to 0.9 g/cc and surface area characteristics

such that thioideraijeopiia diwrridse chyaoitsnaeden BErdine Madso Femasiimeorids, PRI &Y %nd the
surfage arﬁ%éﬁﬂ%&%é%ﬂ@%é&a@) SIeDerah, RRRkreayis, AR ADIRIRRALNIH - HapHR R pdliRdIgcarrier

material which is used in the form of spherical particles having a . )
alumina, alumina-boria, silica-zirconia, etc.; 3) carbon and carbon-rich materials such as

charcoal; 4) spinels, such as zinc aluminate, magnesium aluminate, calcium aluminate, etc.;
and 5) combinations of materials from one or more of these groups. The preferred porous
catalysts for use in the hydrogenation catalyst are refractory inorganic oxides, with best results

20  obtained with an alumina material.

[0043] Suitable alumina materials are the crystalline aluminas known as gamma-, eta- and
theta-alumina, with gamma- or eta-alumina giving best results. In addition, in some
embodiments, the alumina carrier matetial may contain minor proportions of alkali and/or
alkaline earth oxides and/or other well known refractory inorganic oxides such as silica,

25  zirconia, magnesia, etc.; however, the preferred catalyst is substantially pure gamma- or eta-
alumina. Preferred catalysts have an apparent bulk density of 0.3 to 0.9 g/cc and surface area
characteristics such that the average pore diameter is 20 to 300 angstroms, the pore volume is
0.1 to 1 cc/g and the surface area is 100 to 500 m*/g. In general, best results are obtained with a
gamma-alumina carrier material which is used in the form of spherical particles having a

30  diameter of 1 to 10 mm, an apparent bulk density of 0.3 to 0.8 g/cc, a pore volume of 0.4 ml/g,
and a surface area of 150 to 250 m%/g.

[0044] The hydrogenation catalyst can be prepared by any technique known to those

skilled in the catalyst preparation art. The preferred technique involves preforming the porous
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30 diameter of 1 to 10 mm, an apparent bulk density of 0.3 to 0.8 g/cc, a pore volume of 0.4 ml/g, and
a surface area of 150 to 250 m2/g. [0044] The hydrogenation catalyst can be prepared by any
technique kNEWHRG/BeB38 skilled in the catalyst preparation art. The preferREI{ESPNIg0R#¢olves
preforming the porous -16 WO 2007/086839 PCT/US2006/002366 carrier material and then adding
the metallic component and the optional attenuator component by impregnation and/or spraying these
ingredients onto the porous support either sequentially or simultaneously. Impregnation techniques

that can beasRe Al MRCHIER 1 8YRRARIVRLAIE c%ﬂ&%@ﬁ&%@%}éﬁo SEHGIRIALGS: éqe%litm or

"outer shell" impregnation technique may 5 be used in order to concentrate the active component on

or near the’JerprsERatiP g Grotsaxins b rserinaredisntment e parsasisuppetsidiepegentaliport wil
then be dri@ﬂsﬁhﬂtéﬁé@ﬁﬁ’j@‘ﬂﬁ?&fgﬁ%&%@% nes wRcally rAlsned dal %cﬂﬁﬁ{”%fﬁﬂﬁv%f to

750C for a period of 5 to 100 hours. The resulting ga},talyst can then be subjecped to an optiona
reduction SidFhLaAfoRtATtheshirAYareat A fekineritivater 95 tauseentsion techoifeersay 0
(0045 A highlxsurafesies isaHEAf e RISV BYBRIARHS S UG OHIIBUIRARS D ABRNGIGEY in an

OTP conversion step in order to enhance the selectivity of the process for propylene production. The

use of moviARPBEd tReHSUGY iraresradrdonmraYseesssswPRAhwih then dsaliiedatUs 5,157,181

[0046] Moviagpbrieastion ZPeseCambeypai st Numbes Abwawsne!ydingd f ingegugsion of
the catalyst particles to an upper section of the OTP reaction zone that are fed by gravity through the
entire voluf’rfée'af’flr%% relQclithiare. Thrresiipsicaialysi sanchanibe svbiseted e aaransiemel faduction

countercuRRBtopieAMpWHENkSUBOIRILLA e (APMARONEIRt, 50130 1B fagsistream flow is

cou rcui@n 5;]0 the ca,talﬁt flow, that is, the oxygenate feedstream is introduced into a lower portion
one 4rid

of the'rea Brefraddisniney Hissueyaiisneritads. teisp affaeainedstlguration can
provide substailiebpdyanoUeTihRIforaRyarSRAtaa R RasaUSRINGIRAISIE B s dhRIEDY

contacted with partially deactivated catalyst during the initial stages of the Conversion when the driving
force is higROBHEAHBRRIYHRR LagNreetdnprmshed tnshoglngt agiastirthMA PEosrsh iwkaavne
driving foreadddesim {804 kMsrel pically the OTP catalyst particles are introduced into an annulus,
defined by éﬁ %jncz%c,cat lyst retaining screens, that runs through the reaction zone, wherein the
catalyst phitics traVi9viBe e BOLFHRAL L SFRPHR AR AR A sarliss of the OTP

readtion zomeodieidaedstieaimissnietduredringpier R ERPST Belore sasign RAhdieacign zone
AN S P e T e e b e B e S oW th the
feedstream either in a countercurrent or concutrent direction to the catalyst movement.
Preferably, the feedstream flow is countercurrent to the catalyst flow, that is, the oxygenate
feedstream is introduced into a lower portion of the reaction zone and withdrawn from an
20 upper portion thereof. This preferred configuration can provide substantial advantages in OTP
conversion reactions because the feedstream is thereby contacted with partially deactivated
catalyst during the initial stages of the conversion when the driving force is high, and more
active catalysts during the subsequent stages of the conversion when the driving force is lower.
[0047] More typically the OTP catalyst particles are introduced into an annulus, defined by
25 concentric catalyst retaining screens, that runs through the reaction zone, wherein the catalyst
particles travel down through the annulus and are withdrawn from a lower section of the OTP
reaction zone. The feedstream is introduced either to the upper or lower section of the reaction
zone and is passed across the annulus generally in a direction transverse to the catalyst flow.
This configuration can provide low pressure drop across the reaction zone, hence good flow
30  distribution.
[0048] During the OTP conversion zone traversal, a carbonaceous material, i.e., coke, is
deposited on the catalyst as it moves downward through the reaction zone. The carbonaceous

deposit material has the effect of reducing the number of active sites on the catalyst which
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This configuration can provide low pressure drop across the reaction zone, hence good flow 30
distribution. [0048] During the OTP conversion zone traversal, a carbonaceous material, i.e., coke, is
deposited oW th@08# MR as it moves downward through the reaction zone PEHEWEEMoAS3E6US
deposit material has the effect of reducing the number of active sites on the catalyst which -17 WO
2007/086839 PCT/US2006/002366 thereby effects the extent of the overall conversion and the
selectivity to propylene. During the moving bed embodiment of the OTP conversion step a portion of
the cokedtbatelystfidtsube wittettaf thirovethlé T Riserdod therrslapiivibytrprenzleng. Drsggdation

zone to remQve at | i t r ial: i i f the
TP con b e Eemvarsion
drops to awithdeore feb|tieOdRirmchienodre cathipseisraige ik FaeEIeraten 00aoto Prareyasly the
carbonac ial i r VeQXxidati [ in. ‘mpving
bed embolT B i ot

oxyg@n-cotepithepygatretre portion ofiibe praesspwilithestongetordndbaeatver stpRIBAPHe dsired
amount Oﬁaﬁ‘a% @%ﬁ%@&%&%&‘? E&t@ﬁ/@fg@é’ : Dy gombystion from the catalyst. In the fixed

bed embodiment, an oxygen-containing gas stream is charged to the OTP reaction zone. Depending

upon the [[89d8lilar diefyrebbndeonhonsesrits saatasialde srmpredolicun shemaly vebyovedmévaeposited
carbonaceous, maieHialng din 0 BSHiBoM o thvd S BH AMGHY BIRIRRINIERS R W Aol Bme

cases it is advantageous to only 15 partially regenerate the catalyst, e.g., to remove from 30 to 80

wt-% of thO ERuisesfattotantastad methr sy ool era teanalyatisicebramprrtereandt -% and
morgypreferably, fram, QiR iihe AeARRIRIRARYIASENS Matasiak 4 istgievastdy most

instances when relatively large concentrations of carbonaceous material (i.e. coke) are present on the

catalyst trearibastiendirennihe ewtalystalb Sreabuedibad srabriisiehal LEYPSL-FORRIBSFETEHIEHH 20
burn-off tq OGEHLYAY AL @¥YHSEaERBEABIY] E@geﬁﬁﬁ@mﬁ%ﬂiﬁié paniginar4alekyeha evmvernsgration

of oxygen. Preferably the oxygen content can be regulated through the use of inert gases or the

recycling 6aRbe desirabledrisihitenttalrsenaeviibiadsrysitn rarbripesaugaaasrighies chhlsws
carbonaceays el &i%?@ﬂ%@f@%ﬁ&f%@é%ﬁaﬂfo%%@%\19'@%&&%%%%@@%%@1998 of oxygen,

it is possible to reasonably control the oxidation of carbonaceous 25 materials upon the OTP catalyst

withidut alRavtisdl e xeesnsnan thepelsbeaiuie smOEciPmReranOprevarniihasaogemy of
permanerh%daﬁ%pﬁ?@f&m%, qﬁm@gmrm@dre%o%%wilp&vﬁaﬁ@tﬁ{wommpsfﬁtmsﬁ weeREbHNg

regeneratign should be irgt e range of 400 to 7 _ _ ) i
om 0 to 10 wt-% of the deposited carbonaceous material. It is preferred in most instances
when relatively large concentrations of carbonaceous material (i.e. coke) are present on the
catalyst that is greater than 1 wt-% carbonaceous material on the catalyst, to cause the carbon
20  burn-off to occur with an oxygen-containing gas stream which contains a relatively low
concentration of oxygen. Preferably the oxygen content can be regulated through the use of
inert gases or the recycling of flue gas materials to maintain an initial oxygen level in the gases
which contact the carbonaceous material-containing catalyst of 0.5 to 2 vol.-%. By using small
concentrations of oxygen, it is possible to reasonably control the oxidation of carbonaceous
25  materials upon the OTP catalyst without allowing excessively high temperatures to occur,
thereby preventing the possibility of permanently hydrothermally damaging the molecular
sieve catalyst. Temperatures used during regeneration should be in the range of 400° to 700°C
with best results obtained at 500° to 650°C. The regeneration zone in the moving bed
embodiment of the OTP conversion step is preferably configured as a moving bed zone similar
30  to the moving bed configuration used in the OTP reaction.
[0050] The attached drawing shows a schematic representation of the present invention in
which three moving bed reaction zones, reactors 1, 2 and 3, are shown in serial configuration

both with respect to the oxygenate feed and to the flow of hydrothermally stabilized OTP
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with best results obtained at 500 to 650C. The regeneration zone in the moving bed embodiment of
the OTP conversion step is preferably configured as a moving bed zone similar 30 to the moving bed
configuratioW Q878890 TP reaction. [00501 The attached drawing showBE 3&EAAN2366
representation of the present invention in which three moving bed reaction zones, reactors 1, 2 and 3,
are shown in serial configuration both with respect to the oxygenate feed and to the flow of
hydrothermally stabilized OTP -18 WO 2007/086839 PCT/US2006/002366 catalyst through the

reactors. ThaeIpaciot dialheaidn VERIGRhEIas S ReHinmh S it Aherdeaialygbiswhawn fipwing
through an an{léﬂ%ﬁ?a%ﬁhmh is maintained with appropriate concentric catalyst retaining screens. All

three reactéf8 O R atearealis uGhAg wriRiined rwithepprepsite sARs wBtife

descendingsirparaiaapisiasl idemridiiiaeriepeiars RigPaialanib e owasnaRiagd siream
flow from the outside of the OTP _catg/lg&st annulus countercurrent to the movement of the catalyst

particles irffSTHE CURERF ForHoRsIiA e Heaending sirracy o4 iRl ysigerrticdes. L thregvierg iBdws the
flow 6f feecpetrateriats, tintesmgsiate fraaiariale MY Ao HRIGHA S NSOt P l&%ﬂﬁﬂﬁrﬁﬂﬁdlow of

catalyst to and from the rea%tion zones is,shown by dotted lines. The catalyst is shown as being

transporteCHY SRR 16 armmlriche SHibvet RRTl as dnto e SSRITRAHOB g1 Wikeh thert
diluents. Téfelpsafetreon éatabysicia IR imedidrhisa aarmdwe frdte shstantapieaemagin the OTP
reaction zon ém[god%%The h%drother aély s(;[ﬁbuized OTP catalyst utilized in reactors 1, 2, and 3 is
selected f SRR R ﬂnﬁ?ﬁ‘@%t STy bt of ralalyt raddiepy the reaction
phosphorusmse ilifibdvalLyidettedithecortiaioingyedie s pb b ARMH QI A BIHRUN - ANRS 15
pre i8usly described. Iéhs%ma?ﬁuf ?at,ured usint%qthe "oil-drop” method disclosed in US 4,629,717 and is
utilized in D EPHEHERVFEH: I, f?g’ SiramE RS A Bishe AhemneH iy entimbie PEF e thm being
especialIqutafﬁfﬁdn?ﬁlﬁttﬁiédlia[i;l]dslﬁte@fgmﬁe@?' i?s@atwﬁmls}ﬂe%ﬁﬂd@fﬂ@mh ¢ Migled R Sfikgily, among
the three reactqrs. [0052] The number. of reaction zones is.based on holding the conversion
conditions?};rlg-)%%-]se 20%51? ib%‘l?&ﬂl}%%%ﬁ&s g&Bﬁ%‘}tﬁﬁé ﬁ%ﬁﬁ%ﬁ%ﬂlﬂ@%ﬂgﬁ ds %r&BQI%h% by holding
the tempesdtoteldifberehtidhabrosstibe dativistyabieptinig inacnaudte 8Rgeallessathereby
avoiding a ?xhift in therxie %ggt%gture towards eth&%ene ?nd simultaneously minimizing coke formation
a

on the cataijet RS NS L GODIRIRG AR AROSRRATHIRG 0L APBIIHE AZRTHN zone
duelto thepexvithedmitesatbed. df thenanyfrenate ininom¢ol-desyensaind dieassians. [0053] During

startup of WAE%%@% QXQ ri(s)(\;l%!l?z%% ih s sclgﬁehr?cea? t%Ar'r’n?}thv%r:ng%nedf e%t?vree diameter of 0.5 to 5 mm
with a diameter of 1.6 mm being especially preferred. The total amount of this OTP catalyst
used is preferably divided equally among the three OTP reactors.

[0052] The number of reaction zones is based on holding the conversion conditions in the

20 individual reactors at conditions which enhance the yield of propylene by holding the
temperature differential across the individual reactors to an amount of 80°C or less, thereby
avoiding a shift in the yield structure towards ethylene and simultaneously minimizing coke
formation on the catalyst which accelerates rapidly as the temperature rises in the tail-end of
the reaction zone due to the exothermic nature of the oxygenate to propylene conversion

25  reactions.
[0053] During startup of the process, hydrocarbon recycle lines 14, 32, 21 and 22 are
blocked off until sufficient product material is obtained for initiation of recycle. Similarly,
water diluent recycle through lines 13, 28 and 29 is blocked off and instead an outside source
of either water or steam is injected into line 13 by means not shown just prior to the

30 interconnection with line 8. At startup an oxygenate feedstream flows via line 8 to the
intersection with line 13 where an appropriate amount of diluent in the form of water or steam
is admixed in order to provide an oxygenate to diluent ratio of 0.1:1 to 5:1 with a value of 0.5:1

to 2:1 being especially preferred for startup. The resulting mixture of oxygenate feed and
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blocked off until sufficient product material is obtained for initiation of recycle. Similarly, water diluent
recycle through lines 13, 28 and 29 is blocked off and instead an outside source of either water or
steam is injdCEMBBHIM 13 by means not shown just prior to the 30 interc8fAES AR fife 8. At
startup an oxygenate feedstream flows via line 8 to the intersection with line 13 where an appropriate
amount of diluent in the form of water or steam is admixed in order to provide an oxygenate to diluent
ratio of 0.1:1 to 5:1 with a value of 0.5:1 to 2:1 being especially preferred for startup. The resulting
mixture dilaxygeniiddaedantreh@V i) RPuiateFe&BiR ETERPREM/ 0300 dﬁdeﬁhwi@ Iiheﬁh@ ass
through riate feed,and effluent heat exchange and heating means not S ?% in ord
vaporizcl TG FREIH SHahip SAR BN S oAEB AP PR S R R R A o a
temperathse @ft&ﬁ@ﬁ@l@i&&aﬂd Wmﬂ%@ﬁtbﬁﬁﬁ@éﬁd@mﬂ%ﬁm&bﬂﬂ% aaBAly$Hs. present
in reacto§ tjq de a\é\ég tHo f pace VeIOC|t g ﬁ %hrl during
startup with ﬁ selng ar?g 1™t htﬂpcgﬂ ?eacyc‘?ég 83{%' Rifific
hycﬁocal’%d@matéﬁﬁ&vmem Iﬁhé étftirpndtatrammith tna céactdre WSS rntith doawiavelolirie 9,
subjecte n.-a roprlat coaling ste reduce its temperat re to a value,% 0 the temperature
of the ch%rtge 0 rggg or \ilg S%iéeg‘fyrr?(%éo %cﬂ; nrgocﬁ%}a)r?snﬁ? YRoWR AR e efré e%ot%‘ie ffluent
stream fifoomreeactor 1 is theargethivai:t madine 2 \smbjmeﬁ mahcappeo@gmm coasiﬁagtettép/\ttihe&mce
approprlate wann%{ofadua fu tlon %ﬁ tto ﬁ} ition Iamo ofo enate material to
ac

eratire to a value ¢ r%e%‘ arge. reac yia 0 1‘ OI:‘ﬁ)
propylene with*production of an e uen rea rom re ICnh IS W rawn via line . The

effluent stebng frmansreacsbo®is axmhibﬂrbwﬁmgopohtbaffhms stnedrsHfovum}dactotenipehatped tlose to

the {nlet te eratur or. 1 and.pass 10 into reactor 3 where.it is subjected to contact
gt palctl e G e d i e et S e kg o
convers|cfrtalf/s1rtoeanmdba¢yanmbm®m§s)dénx}@admmmnembgpgtmmh/pmﬂnmrmtef

measureﬁlarf%aagag{n theﬁdes ngft& L][ ath (li)retween rieaci%rs[l{l g2 betweﬁenZand 3to
re

minimize pressure drop across €Se Teactors. an 0 provmla empéra HetSHTATE Wotin these
reactorsigduitir ane amﬂ@dmap@mopmatsan%mimbaﬂmm)mmﬂnpﬂemlbsbmhy ﬂ:ﬂ)etnlnlmlzmg

coking OI e%%%lg% 'Raa fal (f‘tP sgeﬁ % at?%es %t T 0 é?ea %r S:Il'l ]tThe ?fﬂy ent
SR IR

stream fro reactor then with awn Vialing 0an ap prla e cooling step
deignedvithimuadditia stantiat aﬁd@ahﬁufcﬂh@watdyﬂomdm @dndm@am\nduashrresol’t mdfietbenling

means s %@f [ Qg 1{% a ar tor, zone 5,
in whlch%%%%é%ﬁhon \%ﬁ%&i&%ggg% n? £ ?Fongn%‘@wn %%léatlﬁc% gcg%)ca Q gp%) ar?d a water
phase comtasing amﬁd:mﬂmglc,signyfuhee&megaths between reactors 1 and 2 and between 2 and

3 to minimize pressure drop across these reactors and to provide temperature differentials

within these reactors which are approximately the same as that experienced in reactor 1 thereby
0 minimizing coking of the catalyst in reactors 2 and 3 to the same degree as in reactor 1.
[0054] The effluent stream from reactor 3 is then withdrawn via line 11 and subjected to an
appropriate cooling step designed to liquefy a substantial amount of the water contained
therein via one or more cooling means such as a feed/effluent exchanger (not shown) and
passed to a three-phase separator, zone 5, in which a hydrocarbon vapor phase is formed along
!5 with aliquid hydrocarbon phase and a water phase containing minor amounts of any unreacted
oxygenate that escapes from reactor 3. Since a feature of the present invention is that the
activity of the dual-function catalyst is maintained near or at essentially start-of-cycle
conditions it is expected that the amount of unreacted oxygenate that is passed into zone 5 will
be minimal. The overall conversion achieved during the passage of the oxygenate feed through
30 reactors 1, 2 and 3 is expected to be 97% or greater during the entire cycle.
[0055] The aqueous phase from separator 5 is withdrawn via line 13, a drag stream
therefrom is taken via line 23 in order to dispose of surplus water and the resulting net water

stream is recycled via line 13 into admixture with the oxygenate feed at the junction of lines 13
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oxygenate that escapes from reactor 3. Since a feature of the present invention is that the activity of
the dual-function catalyst is maintained near or at essentially start-of-cycle conditions it is expected
that the amdVA 260 1@ ted oxygenate that is passed into zone 5 will be P{RHEIOTHOBpErall
conversion achieved during the passage of the oxygenate feed through O reactors 1, 2 and 3 is
expected to be 97% or greater during the entire cycle. [0055] The aqueous phase from separator 5 is
withdrawn via line 13, a drag stream therefrom is taken via line 23 in order to dispose of surplus water

and the reguiing AekWRiEEuaHEAS &F Raveled vadined s w&t%@waﬂa%%&wﬁiﬁgmﬁ%@&fﬁﬁﬁ at the
junction of lines 13 -20 WO 2007/086839 PCT/US2006/002366 and 8. Additional quantities of water

can be ad@e3dirbREgETYD adies et AfSRrRg it piR B ? 1M 2&rimitseass ol sapiethand dines
reactants 14aiae9 13185da38 T tHR-R3C Ohse AWM ARYJIPESintB.antiRddRtg prsaspideastor 3.

Once diluent recycle is initiated the startupﬁ%rovisions for injection of diluent water are terminated. 5

[0056] ReATHAP B LSRR SRR JepsinpEdse formed therein is withdrawn via line 12 and
congtitutep@agichargetigfiactiovgiiancolimnapshichhas e ated SrRelipRiIvAAIANE PRaiater to

produce an ethylene-rich overhead fraction which also contains minor amounts of ethane and some

methane ZMUEaRs A Chareriafiackonatian ralmadishinh Adisasse Arspnizsmubisopraated
portion oftthgrsaaterial sihierslioIcolmBagd BastibsianientiRteEmMaHRRASddnnts dragnslieam is

withdrawn from overhead stream 14 produced in column 6 via line 18 in order to control buildup of C1

and C2 pArdmRsRtana g B et praeus oI rrebirag SrkoltRnhimrionwdushessitiadntrol methane
buildup incBiispatayleRUCycieROsf anciaestbrRae-6if6 WOISANGER JRddilanateptisnaideatment

of th{')s ethylene rich overhead sfream is necessary in order to remove methane from this stream to the

poin? whete- the FBHERE 1S VaLKVRRM S LRAYRACHT Fresnl bRt 2 sRimab indiprake
congentrﬁﬂf@erifbw?mmhkﬁ[tﬁlﬂhﬁmimg 'ﬁﬁhgﬂlﬂb?hlﬁlmaﬁyﬁfééfréﬁwﬂi&:ﬁijﬁﬁﬁgwf may be
used in this optional step which is not portrayed in the attached drawing, including the use of a
demethaﬁ]i’fé’r%ﬁéﬁﬁﬁfﬁf’ Qe oRE ey %Egd&,’ Mﬁﬁhﬁ%&? HIRORBILhWISHENOSRd other

methane cseparatingesanaidifibraboitionbDirtaemitiad stteasihiakes MvhlipeAR miltedh 19 15 vol-% of
the 20 overhead stream flowing through line 14 and more typically will comprise 1 tg 10 vol-% of this
PApE AT He T E

stream. THe YEHAiny8F t“}?er?%g?’ﬁéﬁﬁt & g RARE P S e methtiene- rich
recysle stremveiy acadifitdasetoviitibet diilchedOaaypindiciatlinemant abdcdnttiGoniinithibetiscene of the

e SR SR e Sl [ Eolh i Toung LIS A bEveey oy e
step which is not portrayed in the attached drawing, including the use of a demethanizer
column, a methane adsorption zone, a methane-selective membrane zone, and other methane
separating meéns. The amount of the drag stream taken by line 18 will be 1 to 15 vol-% of the

20  overhead stream flowing through line 14 and more typically will comprise 1 to 10 vol-% of
this stream. The remainder of the overhead stream is then charged to reactor 1 as an ethylene-
rich recycle stream in accordance with the attached drawing via lines 14 and 8. It is within the
scope of the present invention to apportion the ethylene-rich recycle stream flowing in line 14
between the three reactor zones, but we find superior results as measured by ethylene

25  conversion when the entire amount of this ethylene stream is charged to reactor 1 via lines 14
and 8 and thereby exposed to the maximum amount of available catalyst as it flows through the
three reactor zones. In the case where acetylene content of the Co olefin-rich stream flowing in
line 14 is significant, it is within the scope of the present invention to divert at least a portion
of this stream to hydrotreatment zone 30 by means not shown for purposes of selective

30  hydrogenation of this acetylene content to ethylene. The resulting hydrogen-treated Co olefin-
rich recycle stream would then be returned to the OTP reaction zone in admixture with the
heavy olefin recycle stream via lines 32 and 8 in the case of reactor 1, by lines 32, 21 and 9 in

the case of reactor 2 and by lines 32, 21, 22 and 10 in the case of reactor 3.
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25 conversion when the entire amount of this ethylene stream is charged to reactor 1 via lines 14 and
8 and thereby exposed to the maximum amount of available catalyst as it flows through the three
reactor zon®SORHO%A3L where acetylene content of the C2 olefin-rich str@&HARMNe@IR3dme 14 is
significant, it is within the scope of the present invention to divert at least a portion of this stream to
hydrotreatment zone 30 by means not shown for purposes of selective 30 hydrogenation of this
acetylene content to ethylene. The resulting hydrogen-treated C2 olefin- rich recycle stream would

then be rggpsnpd tothe KfibnaactanFzaneduadnBxorpmsthe e Ogdniatefid denyeldstoedumuia lines
32 and 8 in the case of reactor 1, by lines 32, 21 and,9 in the case ofireactor.2 and by lines 32, 21, 22
and 10 irPdhetdowsrialiopl 3t W@%@%ﬁ%ﬁ%i@%gggﬁo%ﬁ%%%%Hk}gttom stream
from columpfeaBR e 1bas@Rdighadatiprohacgadiopsttusrich dverhairsreianinhith iothe

esigned to

depropanizer column 7 wherein this C3+ stream is. subjected to fractionation condition

produce a%aﬁaﬁgdﬁehsai‘?amQéﬁtPéWMﬂi%?ﬁ?ﬂ%‘ﬁYeﬁé“rﬁ&@%%ﬁéPJs]%‘r’éaa‘r%"o %é)sfpgrgsent
inventionReehedHesp 6o ta eI OThR oIS Dfdayn Fiprmdubinropine finstsirzis JH6Hotlofinstream
from column 7 is a fjrst stream of C4+ olefin: rich by-product material whi rimaril mprises. C4,
Co and CE RO AR PR P AFRGE il S s DA e A
unsaturategyhyiliocanaanss all Bitanegjentperied ©f thi€potsstusttehhydsquatenahblpassetivia line 17
to selective hydrogen treatment zone 30 which contajns a, fix ed of a hydragenation catalyst
comprisi ﬁ@%‘ﬁ‘&%‘%\%‘b}%"i’é HERa 5P géé%%iafsp Sfﬁ‘% o éashrbeég%?oﬁ ?%/((?rl(‘)’g (laq P{(-arggﬁe&lr%eér%n%also
charged t#aes (hytlicireatmBistaziined 3R ief irte/dib gonitbam taiabystéhopntsmgiddjeto toprdvide 0.9 to 5
moJes of hydrogen per mole of highly unsaturated hydrocarbons charged to zone, 30. The C4+ olefin-
rich trea’?ﬁéiéﬂo‘gﬁ%‘%%}lgd’fwgiﬂg%or 't éﬂ a‘éf)or%%%tréc |rs?t rz%?r%%%v“%%ﬁ% eré]% e-%containing
hydrogengfiaotaaimiest abse B tielnedd gertatamismifitrient tigdthgetoiec prvardestiBdmbtiadied 5 all of

oletn. T SR BSHE BRI CL I e R R gt B ol S ORI e of
101 kPa ifchGhrdviand tobligdrelgatatidanmadiiain msmwwam&WWim@mid@mﬂDMMne 30
A L A e e s
acdaeleratifigofoke HighatiosetoreidPhghotiar @onasitdin2dind!s: Qp5elcfinaidssittam deldstively
B
to 150°C, a pressure of 101 kPa to 405 MPa which is selected to maintain a substantially liquid
stream condition in zone 30 and a LHSV of 1 to 30 hr™’. The effluent stream withdrawn from
zone 30 via line 32 is substantially free of any highly unsaturated hydrocarbons and thus this
20  recycle stream has much less potential for accelerating coke formation in OTP reaction zones
1, 2 and 3.
[0058]) The resulting selectively hydrogen treated C4+ olefin-rich recycle stream is then
withdrawn via line 32 and passed to the intersection with line 19 where a drag stream is taken
in an amount of 1 to 15 vol-% and preferably 1 to 3 vol-% in order to control buildup of
25  paraffinic materials in this C4" olefin recycle loop. The remainder of the C4+ material flowing
through line 32 is then passed into interconnections with line 21 wherein portions are
withdrawn in order to provide hydrogen treated C4™ olefin reactants to reactors 2 and 3 via
lines 21 and 22. These recycle lines as well as others are unblocked once recycle operations
commence in order to facilitate the return of the recycle streams. In contrast to the provision
30  forrecycle of the ethylene-rich stream which flows through line 14 into reactor 1 the preferred
provision with respect to the recycle of the hydrogen treated C4+ olefin-rich stream flowing
through line 32 is to divide this stream into 3 portions and charge these portions in parallel to

the three reactors. It is preferred that the major portion be passed to reactor 1 and minor
-22-



in an amount of 1 to 15 vol-% and preferably 1 to 3 vol-% in order to control buildup of 25 paraffinic
materials in this C4+ olefin recycle loop. The remainder of the C4+ material flowing through line 32 is
then passedNAX@NHE$EBIections with line 21 wherein portions are withdraRUTIHEAEPd3povide
hydrogen treated C4+ olefin reactants to reactors 2 and 3 via lines 21 and 22. These recycle lines as
well as others are unblocked once recycle operations commence in order to facilitate the return of the
recycle streams. In contrast to the provision 30 for recycle of the ethylene-rich stream which flows

through liggrdrte (asdard teachsriersad Pinuisier W BHRECY ¥oIlR BTaHelR Al HiroundbIIRR

treated C4+ olefin-rich stream flowing _through line 32 is to divide this stream into 3£ortio s and

charge thBE& g et Sot amieia-Hich TRraelrsiremsrsllons (ararter it Imetis R Sridit 68%43hssed
to reactorbaRAIBINGY 1@ 20NV61-20BE/AB68IARITHIS 20R6/QDIRARRsIoATIIERAEEeE 39, EACTOrS 2

and 3 and preferably 60 to 80 vol-% of the total amount of this hydrogen treated C4+ olefin-rich

recycle sFB4R WERRPFRRGMIR RS 8238 ettt A G ERAC98 tions of 10 to 20 vol-% being
simytaneigsly] Chaggek ihEQRIOFS Rc18 direiins GFiBE tRbughdifeior IeRrtpd 3 aretvip sines 32, 21, 22

and 10 for reactor 3. 5 [0059] Once the three recycle streams flowing thro li 13, 14 ang 32 are
up and rdHRRS ther the %ELBHW%@%P?H@%W&HYW)QMBEC@?@?%% g?%ﬁi@%ﬁ}?éwgﬁe mode
of operatighgRmeneaamittés evhndectdisdrolyaroindinainp diasilidenlifungtingicatadysydocated in

reactors 1, 2 and 3 functioning not only as oxygenate conversion cata%st but also.as an o{efin

interconveSAFA B BRI e S aRf & TRRCHPBUTLEROT AR AXRSRAIS SNSRI, CHalST B8 289 ¢S enate
rich feedsiregietianiesrc e delvsehama viadiseBasca dfévedtyithine fiigt reoylensideagsuehichnis rich in

ethylene via line 14 and then passed into the intersection with line,13 where a water or steam diluent
s ol aPUEEHBLBB FEMURFRS SHEFHES SEUh RO AR o SR DLCUH o B EvELRtion of

line 8 withslisans¥niklereah aal ditighiakouamiky of anealaehivedyseyldrod dataddcatttiiawith thadadal is
added to from the charge to reagtor 1. This 15.charge mixture flows jnto reactor | in a manner
previouslwggg%ﬁﬂ@(ﬁeﬁﬂéf@ﬁ% h"ﬂgéﬁﬁgsd[%‘?fﬂgﬁﬁg’ﬁ?ﬁﬁﬁgqgwgmwﬁérﬁﬁFS?THH%%%&‘?‘Egssage
through reaeien passuil toakabinisrrezin o thiadsih dinel Innditas aaaiddysonahiniantieg ofi reactor 1 in
the annular space defined by the concentric retaining screens previpusly described the resulting
effluent isSt %YST\M ¥F%mrFé}</tf§ \ﬂ%’ﬁ?ﬂ]@ &4 5‘#:3%@8[ eéé"t#é"iﬂ#gfs %fgﬁ (iRt ((’ers(fzg%rsld 21
whegein aghagditidralgRwkimb relativelyiseahaater petiienslis dudoriked dfterawitibid diegtinfihoan
additional guantity of %he eﬁ}iivel%/ ct%?éselectively hydrotreated C4+ olefin-rich recycle stream which

is passed VAR BT RABIEL BT
[0060] After passage through reactor 1 and thereby traversing the bed of dual-function

catalyst maintained in reactor 1 in the annular space defined by the concentric retaining screens
previously described the resulting effluent is withdrawn from reactor 1 via line 9 and flows to

20  the intersection with lines 28 and 21 wherein an additional quantity of relatively cool water
diluent is admixed therewith along with an additional quantity of the relatively cool selectively
hydrotreated C4* olefin-rich recycle stream which is passed via line 21. After suitable
additional cooling to achieve the inlet temperature set forth above the resulting mixture is then
charged to reactor 2 wherein it makes a passage through a second annular bed of dual-function

25 catalyst to produce an effluent stream that is withdrawn therefrom via line 10 and as is shown
in the attached drawing admixed with an additional quantum of relatively cool water diluent
which flows thereto via line 29 and an additional quantum of relatively cool selectively
hydrotreated C4™ olefin-rich material which flows thereto via line 22 and the resulting mixture
is cooled by means not shown in the attached drawing to the hereinabove specified inlet

30  temperature for reactor 3 and then flows through reactor 3 to encounter an additional quantity
of dual-function catalyst with resulting production of effluent stream 11 which after
appropriate quench and cooling flows through line 11 to three-phase separating zone 5 as

previously described.
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additional cooling to achieve the inlet temperature set forth above the resulting mixture is then
charged to reactor 2 wherein it makes a passage through a second annular bed of dual-function 25
catalyst to pWS2e¥/8sp&Iluent stream that is withdrawn therefrom via line 1D(EAHBS3&E08R®N in the
attached drawing admixed with an additional quantum of relatively cool water diluent which flows
thereto via line 29 and an additional quantum of relatively cool selectively hydrotreated C4+ olefin-rich
material which flows thereto via line 22 and the resulting mixture is cooled by means not shown in the

attached drawirg to t I ifled 4 1e re for reactor, 3 and then flows
through re%@%fi tg gﬁggﬁ?ﬁ;\%@ﬁgﬁgﬁgﬁ%@]%ﬁﬁ %5%6(?;%?-%%%?%}10%5: gggftﬁﬁﬁ%gﬁﬁiﬁacﬁa%uction
of effluent dir Tisphlviach fie soappebpidatd\ifbeongh largdcantingts ofisatalymi ghalirtes pieterthiee-phase
separaling agnfe.3 35,7 oSt e SEHResh 124, 2RPI0RGRE0 RCTILIS2000/007308 (0061l The

amount of hydrothermally stabilized nction catalyst utilized in reactors and §c|srsubject to
some choiéeadigthbudisndhgentatystifiosvstioarastor haia biagplEsmdt im reector? svhemth@datalsder to make

up forsthe sl amauakagsastuatiopdhat yilogcurin.dranipuhIER s calehsL fowst teagror 2
via line 25 and in reactor 2 when the catalyst 5 flows from reactor 2 to reactor 3 vialine 26, 1tis
believed thefserE Bbseqralanasds ofeaatyshiin the Sunt atpespravitna divisivhcataddsisin the three
zones or wigh,a,dixisien whighsisyaRIRNBAtEN Aa i 0% 9kt B g5ARorg Aand 2 with
40 to 50 vol-% of the_g?atalyst l:_)e(i)ng present in reactor 3. %O%Z]%égg‘t@g , Ogndd%g?;%(l)ﬁ?t%lly
charged wRALHHSTRRIRSRESS PRI SeaBiRZSd dual 10 function catalyst via lines not shown in the attached

drawing thpggganectpuiifydines 24nd3 %P@'irgﬁal\yl@ﬁgrgéﬁ Q{[ﬁgﬁgggg@ lﬁ?%ﬂgiﬁ%ﬁliﬁﬁﬁi rculation

is commenced after the reactors are lined out at operating con talyst circulates between the

reaclfrs vifiBstioysafalest yi Linps potshavis iadbnattached dhaningshnteament vafehineaidn2fomel4 at
least a porigmphifaneekerdsesls; aserrmaneddion te dnkeiaoRaimng i Craaly st shsros

thereto via line 27 15 using a low severity oxidative procedure as previously explaine arged
to regenerdifi6h cxbAbR B MG sARdIGeRN Svetrlisheitsjeien hebTinsnihg trastetradaretmyailings @5 to 2

vol-% oxygenkhigh is l%geﬁéﬁ%mﬂma%%%Piﬁ%lg%@fa@&{%ﬁm{?i&@t% Maies paion of

the coke charged to this zone via 27. Regenerated catalyst is recirculated to reactor 1 via line 24, thus

completing @keAanpsite e TatmsY s Sridm ol pyaniaiaipg QEP zatakvat 2harydilherato 2dadinessdd is
withgsawn f£48 296% éeV&%i% R3eaaavSRRYRdRLR BHAGORSALRIRE-dOR%:) A dpaiTE AiJNRRIGsEN

invention is that the flow of tydrothermally stabilized OTP
zone 4 by means nof shown in an oxygen-containing gas stream containing 0.5 to 2 vol-%

oxygen which is supplied in an amount sufficient to support combustion of 2 major portion of
the coke charged to this zone via 27. Regenerated catalyst is recirculated to reactor 1 via line
24, thus completing a catalyst circulation circuit defined by lines 25, 26, 27 and 24. A flue gas
20 stream is withdrawn from zone 4 via a line not shown in the attached drawing.
[0063] A feature of the present invention is that the flow of hydrothermally stabilized OTP
catalyst around this catalyst circulation circuit is selected to provide an OTP catalyst on-stream
cycle time of 400 hours or less in order to maintain catalyst activity, oxygenate conversion and
propylene selectivity at or near start of cycle conditions. In other words, the flow rate of
25  hydrothermally stabilized OTP catalyst particles around this circuit is set such that a catalyst
particle’s residence time in reactors 1, 2 and 3 is not more than 400 hours before it is returned
to zone 4 for regeneration.
[0064] Returning to three-phase separator zone 5 there is shown in the attached drawing
the liquid hydrocarbon phase formed in this zone as being withdrawn via line 32. This material
30 generally boils in the gasoline range and can comprise a second Cy4+ olefin-rich recycle stream
containing trace amounts of unsaturated hydrocarbons and a gasoline product stream of the
present invention which may require further treatment due to the high content of olefinic

material that is present therein. A preferred option that is shown in the attached drawing is to
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catalyst around this catalyst circulation circuit is selected to provide an OTP catalyst on-stream cycle
time of 400 hours or less in order to maintain catalyst activity, oxygenate conversion and propylene
selectivity aWs? HWa08683P of cycle conditions. In other words, the flow rate RCEURGHEE¢fRIly
stabilized OTP catalyst particles around this circuit is set such that a catalyst particle's residence time
in reactors 1, 2 and 3 is not more than 400 hours before it is returned to zone 4 for regeneration.
[0064] Returning to three-phase separator zone 5 there is shown in the attached drawing the liquid
hydrocarbosubjeasthédiquidlipdiisazone isbeeonithdrammaia InsepRin maieriah3Hhasngrally
boils in the?(%%? Iine1 ?%%e art1d can corr;ﬁ%rise a second C4+ olefin-rich recycle _Ts_tream.co‘ntaining trace
amounts of unsaturats Wé%ﬁﬁ.’i%gl mgédﬁ%%r?ﬁbmgﬁ%%ﬁmcﬁregmmn which

may requirevarhked steatment ne3s, tiadaigh perienoralfinianmaipral InrkisPiRIAN {S5RIN3¢
preferred ogé%%that IS shown ‘%:]th attached drawing js to -24 WO 2007/086839

PCT/US20067007366 S BRI HERTH IR0 CE st i dvdrperareatidn dbatrsnibinedurbeses 5 via

line 32 to ameateiditiormh freitidnatirlcidpdk ©OladRR3 |2 QFES 9rBaEY S 3Rt Gl sralefipic rich
overhead st;%%rgevianlinessi's, at !ggst portion of Wg]iCh can flg(\év via lines 35 and 17 to zone 30 and
therein as Previoqdy Gaati B GA AL OUERSIRMPE JeAvy Sedas et Resleisg hhaitsse st waated
stream is tifemrechotetI3askinm ieacteisdyvia #nd Biiad NRSRRrigds AGALN QLU LIREOYIHERMeans
for additions%lreconversion of heavy olefins to propylene. A bottom stream from column 33 is also
recovered Via line 34 and it comprises the olefin-rich gasoline product stream. -25 The claims defining
the invention are as follows: 1. A continuous process for selective conversion of an oxygenate feed to
propylene comprising the steps of: a) reacting the oxygenate feed and a diluent in an amount
corresponding to about 0.1:1 5 to 5:1 moles of diluent per mole of oxygenate with particles of a
dual-function hydrothermally stabilized catalyst, comprising a molecular sieve having the ability to
convert at least a portion of the oxygenate to C3 olefin and to interconvert C2 and C4+ olefins to C3
olefin dispersed in a phosphorus-modified alumina matrix containing labile phosphorus and/or
aluminum anions wherein the anions are 10 available to repair, anneal and/or stabilize a framework of
the molecular sieve, in a reaction zone containing at least one moving bed reactor wherein the
reaction zone
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is operated at oxygenate conversion conditions selected to convert the oxygenate to propylene and at
a catalyst circulation rate through the reaction zone selected to result in a catalyst on-stream cycle
time of 400 hours or less to produce an effluent 15 stream containing major amounts of a C3 olefin
product and a water by-product and lesser amounts of a C2 olefin, C4+ olefins, Cl to C4+ saturated
hydrocarbons and minor amounts of unreacted oxygenate, by-product oxygenates, highly unsaturated
hydrocarbons and aromatic hydrocarbons; b) passing the effluent stream to a separation zone and
therein codilif Hiarssapfrathiicinveriamssdebarsinto a vaporous fraction rich in C3 olefin, a water
fraction containing unreacted oxygenate and by-product oxygenates and a liquid hydrocarbon fraction

containing heavier. olefudsiin@aviesrsatesated dyciocadinessiand Mot prneuaeaf lightyyesaturated
hydrocarbons and aromatic hy?_rocarbons; c) recycling at least a portion of the water fraction
recovered SATERSEBE (058P to 25 provide at least a portion of the diluent used therein: d)

separating the vaporeidstingatieniyieeaatcZ@letind ichiftretianan b ot itorigpopddsiuel fastianiand a
first C4+ olefin-rich fraction; e) recycling at least a portion of the olefins contained in the C2 olefin-rich
fTactin or 1 the firslCCHL HIUAR AT NS Pl SRS LB LCHORL 10 S S iR 30 1
withdrawing coke-cohjdiningrehtlyfunstiordatalygtipasigiesiiigmitetedatiaavedneigxitdativdlyy
regenerating the withdrawn cata%‘%t tparticles in_a regeneration éoni%nd refurning a stream of
regenerated catalysttf)ﬁfﬁjéigg g 8%88%‘???53 © ONENHR Lo BRULAS B ELE SX Y& Ne in claim
1 wherein the oxygeaade(ds ‘anlekygenc substilidegpatipbatia pratplialeoniadifig dlterdnaathetixatoms. 3.
The continuous process as.detli%)eif %}?lag{] 2 Whe{]/ein he .())H%Een.-subs itutedt5 a:righatic material is an
alcohol, an ether, an°S{YaHIAR [P RERISRICR GRS BhUmIBET R0 BREHR (& SFBER%ESs defined in
claimm0l wherein the axyiisblate i&pagthanehloindionathyibiber filxivim)ook afitixturedb@ecictbe, Tha
continuous process as defined in claim 1 wherein the diluent ir%escfeam. 6. The continuousq'ﬁ:ocess as

0

defined in claim 1 whEHST R RE LD RDSAIAEAS! A FARNHRE PRASKUTAY VA HRE AN s
process as defined iis clpimate ddessipeilieczenliticsioal ecnditi @ie el cdoasl aostomcititeeorkggpomding to
gf'\"":’ orto ZSM- 1. 8 i oo Rracs iR AR Se e N i eisin dhe catalugt sontains
result in a catalyst on-stream cycle time of 400 hours or less to produce an effluent
15 stream containing major amounts of a C3 olefin product and a water by-product and
lesser amounts of a Cp olefin, C4 ™ olefins, C to C4™ saturated hydrocarbons and
minor amounts of unreacted oxygenate, by-product oxygenates, highly unsaturated
hydrocarbons and aromatic hydrocarbons;
b) passing the effluent stream to a separation zone and therein cooling and separating
20 the effluent stream into a vaporous fraction rich in C3 olefin, a water fraction
containing unreacted oxygenate and by-product oxygenates and a liquid
hydrocarbon fraction containing heavier olefins, heavier saturated hydrocarbons
and minor amounts of highly unsaturated hydrocarbons and aromatic hydrocarbons;
c) recycling at least a portion of the water fraction recovered in step b) to step a) to
25 provide at least a portion of the diluent used therein;
d) separating the vaporous fraction into a Cp olefin-rich fraction, a C3 olefin-rich
product fraction and a first C4" olefin-rich fraction;
e) recycling at least a portion of the olefins contained in the Cy olefin-rich fraction or
in the first C4" olefin-rich fraction or in a mixture of these fractions to step a); and
30 f) withdrawing coke-containing dual-function catalyst particles from the reaction

zone, oxidatively regenerating the withdrawn catalyst particles in a regeneration

zone and returning a stream of regenerated catalyst particles to the reaction zone.
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ELAPO molecular sieve. 15 9. The continuous process as defined in claim 8 wherein the ELAPO
molecular sieve is a SAPO material having a structure corresponding to SAPO-34. 10. The
continuous process as defined in claim 1 wherein the catalyst contains a mixture of a zeolitic
molecular sieve and an ELAPO molecular sieve. 11. The continuous process as defined in claim 10
wherein the mixture contains SAPO- 20 34 and ZSM-5 or ZSM-11. 12. The continuous process as
defined in claim 1 wherein the phosphorus-modified alumina matrix has an aluminum to phosphorus
atomic ratio of about 1:1 to 5.3:1 and a surface area of about 140 to 330.5 m2/g. 13. The continuous

process as defined i’Tﬁéaéﬂhﬁguwlﬁkeﬁ%@é&eapH@ﬁH&‘PEH%1Hiﬁfiiﬁ@ﬂe1%'ﬁﬁ|&€%i£§f’g8ﬂ%¥éi§si§rf%9%&by

gellation of an aluminum chloride hydrosol containing phosphorus having an aluminum to chloride
anion weighPrtid st dbdiatio mategd] epntaning dd b raRLAPRScess as defined in claim 13 wherein

the molecular sieye i$hdishRIsesLpR Y AsasA RIIOh QR geliatien SR 2ed REtaARIIBYOUS process
as defined in claim 14 wherein the molecular sieve is a 30 zeolite having a silica to alumina framework

mole Tatio JiiRGGMaerrkd soGieohel. #hstBehim A dehyscadswacierin 8y i e adf wherein the

zeolite is ZSM-5 gr ZaMeddnddud prdi8scANHRES PIOGasS asdefingd bk¢laimd Whateihier
reaction zone contains at least three moving bed reactors. 18. The continuous process as defined in

claim 17 wHEKEHWIREFHOVME beterBieters thréeonnected in a serial flow configuration with respect to

the oxygenate fegdThcl&nlEGRRAPIBLSUSPIRERRS a5 definediRcebainhd divkareintfgynoving bed
reactors are connected in a serial flow configuration with respect to the stream of catalyst particles

that passes ther@thrbbigROBENUANS R BLLHRs el dfinBarTnds Rt lyRerenteiRe diquid
hydnacarbgg, [ikactiRneseparated in step b) is further separated into a second C4+ olefin-rich fraction
and a 10 naphtha product fraction. 21. The continuous process as defined in ¢claim 20 wherein at least

a portion of the olefifBCeMEMOYIRIRS T AORSHMSER £ 5LibM VOIcHs thh firsB s BRIAFKER & tion, or

in the secpthGhucalediboirRfoaatianterIaM-MbitweghMbese fractions are recycled to step a). 22. The

continuous process as defined in claim 20 wherein at least a portion of the first )
8. The continuous process as defined in claim 1 wherein the catalyst contains an

ELAPO molecular sieve.
15 9. The continuous process as defined in claim 8 wherein the ELAPO molecular sieve
is a SAPO material having a structure corresponding to SAPO-34.

10. The continuous process as defined in claim 1 wherein the catalyst contains a
mixture of a zeolitic molecular sieve and an ELAPO molecular sieve.

11. The continuous process as defined in claim 10 wherein the mixture contains SAPO-

20 34 and ZSM-5 or ZSM-11.

12. The continuous process as defined in claim 1 wherein the phosphorus-modified
alumina matrix has an aluminum to phosphorus atomic ratio of about 1:1 to 5.3:1 and a surface
area of about 140 to 330.5 m2/g.

13. The continuous process as defined in claim 12 wherein the phosphorus-modified

25 alumina matrix is formed by gellation of an aluminum chloride hydrosol containing
phosphorus having an aluminum to chloride anion weight ratio of about 0.7:1 to 1.5:1.

14. The continuous process as defined in claim 13 wherein the molecular sieve is
dispersed in the hydrosol prior to the gellation step.

15. The continuous process as defined in claim 14 wherein the molecular sieve is a

30 zeolite having a silica to alumina framework mole ratio of about 150:1 to 800:1.
16. The continuous process as defined in claim 14 wherein the zeolite is ZSM-5 or

ZSM-11.
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15 C4+ olefin-rich fraction or the second C4+ olefin-rich fraction or a mixture of these fractions is
charged to a selective hydrogen treatment step and therein contacted with hydrogen in the presence
of a metal containing hydrogenation catalyst at selective hydrogenation conditions effective to convert
highly unsaturated hydrocarbons to the corresponding olefins thereby eliminating coke precursors and
wherein at least a portion of the resulting selectively 20 hydrotreated stream is charged to step a). 23.
The continuous process as defined in claim 1 wherein the catalyst particles are regenerated in the
regeneration zoné7udig @R ERYRRESSEtAR I Bftedi chatierl cohshtistiba rediiGRESEPBEEY i
produce aggenssatad\sa t,comigining less than 0.5 wt-% carbonaceous material. 25 24. A
continuous process for selective conversion of an oxygenate feed containing methanol or a mixture of

DME and methand}- tbhsrepRieHausaRsissims frdiaedda siig) Harhpgihhemdnakefesaciers atliluent

inan amO'éBBﬁ&f{&ﬁHPQQé?HltE&bQHBQ'g%r&ﬁéiW{%Mtﬂﬂl}‘ﬁ@t&%%ﬁ{e fkaxygenate with particles
of a dual-function and hydrothermally stabilized catalyst, comprising a molecular sieve having the

ability to convert 39 dtheseptinyeHIaH st & ok iRithte et ld s s ths MR es a4+
olefins to G&nQlefia dispaisedhiswr RhespRbatbsMadiighaluninasmatibocemaiinsalalile aesphorus

and/or aluminum anions wherein the anions are available to repair, anneal and/or stabilize a
frameworkP8F e REABEARE sieve, in a reaction zone containing at least one moving bed -28 reactor

wherein the reactonARNELIKAREHA T @Oy URNALRY ¢RBMERS IO ROREItARS §EIE iRt deartRaVert
oxygenate to propylene and at a catalyst circulation rate through the rjgaction zone selected to result

in a catalySPSHOSASRRTALSEIR BifR: D3 OO HeUSRIFakss Rios SBe RS St e RIS T dirRticBAshing major

amounts of B KiBaesupredeaband a water by-product and lesser 5 amounts of a C2 olefin, C4+
olefins, C1 to C4+ saturated hydrocarbons and minor amounts of unreacted oxygenate, by-product

oxygenates, highb! uhBSAHAHBHRY Ve anSlifediBiriativ 3% ahsesibahisash iy ehehstfiuent

stream to 3|sgRAMEN®ANG aRAtherain-cRAlING-ADH, SRR AL THstg fitant siraasswoaiManerous
fraction rich in C3 olefin, a water fraction containing 10 unreacted oxygenate and by-product

oxygenatete S g aleiyHRORE B AR S dRGhRSHE fh ese AR NS ARs Fersid IR AR dted

hydrocarbons apml mingy ameuissqirbigbbuyasatisaiad hxtrocarbans andasrapatichyireeaipans; c)
recycling at least a portion of the water fraction recovered in step b) to step a) to Provide at least a

portiloin of the filcEnich frapieg;ar the second Cy+ olefin-rich fraction’or a mixture of these fractions 1s
charged to a selective hydrogen treatment step and therein contacted with hydrogen in the

presence of a metal containing hydrogenation catalyst at selective hydrogenation conditions
effective to convert highly unsaturated hydrocarbons to the corresponding olefins thereby
eliminating coke precursors and wherein at least a portion of the resulting selectively

20 hydrotreated stream is charged to step a).

23. The continuous process as defined in claim 1 wherein the catalyst particles are
regenerated in the regeneration zone using an oxygen-containing stream under combustion
conditions selected to produce a regenerated catalyst containing less than 0.5 wt-%
carbonaceous material.

25 24. A continuous process for selective conversion of an oxygenate feed containing
methanol or a mixture of DME and methanol to propylene comprising the steps of:

a)  reacting the oxygenate feed and a diluent in an amount corresponding to about 0:5
to 5:1 moles of diluent per mole of oxygenate with particles of a dual-function and
hydrothermally stabilized catalyst, comprising a molecular sieve having the ability to convert

30  atleast a portion of the oxygenate to C3 olefin and to interconvert C; and C4" olefins to C;
olefin dispersed in a phosphorus-modified alumina matrix containing labile phosphorus and/or
aluminum anions wherein the anions are available to repair, anneal and/or stabilize a

framework of the molecular sieve, in a reaction zone containing at least one moving bed
-8 -



15 d) separating the vaporous fraction into a C2 olefin-rich fraction, a C3 olefin-rich product fraction
and a first C4+ olefin-rich fraction; e) recycling at least a portion of the olefins contained in the C2
olefin-rich fraction or in the first C4+ olefin-rich fraction or in a mixture of these fractions to step a);
and f) withdrawing coke-containing dual-function catalyst particles from the reaction 20 zone,
oxidatively regenerating the withdrawn catalyst particles in a regeneration zone and returning a
stream of regenerated catalyst particles to the reaction zone. 25. The continuous process as defined in
claim 24 wWKaFEIh HheTgIREI igastioaioneds PREY HEAMh QBYEHASR 98V HETiFRIMTH Rl cAed e rein the

catalyst confaiRs: 8x78aliic MYRPIRNSIENE LD Al TR SONHRYRYHPIRRRSS ARedefingshinualaim 24

wherein the zeolitic molecular sieve has a structure qorresg;onding to ZSM-5 or to ZSM- 11. 28. The
continuou$PFEtEs® s uk AR FHABIBI PG FFIdHENCRARA BoRtarisens tePrBeshidisElrshSieve.

29. The CotRUPHSIRIRERS S FefidRE iNFIaim 8§M\fhff&iﬂcth§n§'a%@ﬂﬁ?lﬁ%ﬁétséﬁﬂ%é’s@ris a SAPO

material having a structure corresponding to SAPO-34. 30. The continuous process as defined in claim

24 wRereidtidpisiafysteSbmSa pHilivdorta CeotribAisfdaulsr b sy AL ApPorRidREular
sieve. -29 gireJliecOniNUAKS Yas8as @ LRt inaaiy AdsiheisiniieRheshnoiHg-madifird

alumina matrix has an aluminum to phosphorus atomic ratio of about 1:1 to 5.3:1 and a surface area
of about 125¥9%8BBn2/g. 32. The continuous process as defined in claim 31 wherein the

phosphorus-maglfiech.3sHuanparmaibsiscfermes Ly aetisionef A HRIAWILERIOHAE Rydrase
containing phosphorus having an aluminum to chloride anion weight ratio of about 0.7:1 to 1.5:1. 33.

The contind6 GEPITHaSHR HERRFRRIT A3 NhEFS; e diach P SETaSEoREHEARES the
hydnasol phigicitie.gelatian stamy3droline: eRniBuALS HKPseRm ASHYafinaehishaiRits sscvharsindthe

molecular sieve is a 10 zeolite having a silica to alumina framework mole ratio of about 150:1 to

800:1. 35. FEAKI BGOSR ST el A fbRHGQ GATBRAR TR RGFATIHBL Q6 Iy 2SRRI SM-11. 36.
The continuRits PIBEARS S RBAGHARE Iy &ladarimyvherein the reaction zone contains at least three

moving bed reactors. 15 37. The continuous process as defined in claim 24 wherein the liquid
hydrocarbon c) recycling at least a portion of the water fraction recovered in step b) to step a) to
provide at least a portion of the diluent used therein;
15 d) separating the vaporous fraction into a C, olefin-rich fraction, a C; olefin-rich
product fraction and a first C4" olefin-rich fraction;
e) recycling at least a portion of the olefins contained in the C, olefin-rich fraction or
in the first C4" olefin-rich fraction or in a mixture of these fractions to step a); and
f)  withdrawing coke-containing dual-function catalyst particles from the reaction
20 zone, oxidatively regenerating the withdrawn catalyst particles in a regeneration zone and
returning a stream of regenerated catalyst particles to the reaction zone.
25. The continuous process as defined in claim 24 wherein the diluent is steam.
26. The continuous process as defined in claim 24 wherein the catalyst contains a
zeolitic molecular sieve.
25 27. The continuous process as defined in claim 24 wherein the zeolitic molecular sieve
has a structure corresponding to ZSM-5 or to ZSM-11.
28. The continuous process as defined in claim 24 wherein the catalyst contains an
ELAPO molecular sieve.
29. The continuous process as defined in claim 28 wherein the ELAPO molecular sieve
30 is a SAPO material having a structure corresponding to SAPO-34.
30. The continuous process as defined in claim 24 wherein the catalyst contains a

mixture of a zeolitic molecular sieve and an ELAPO molecular sieve.
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fraction separated in step b) is further separated into a second C4+ olefin-rich fraction and a naphtha
product fraction. 38. The continuous process as defined in claim 37 wherein at least a portion of the
olefins contained in the C2 olefin-rich fraction, or in the first C4+ olefin-rich fraction, or in the 20
second C4+ olefin-rich fraction or in a mixture of these fractions are recycled to step a). 39. The
continuous process as defined in claim 37 wherein at least a portion of the first C4+ olefin-rich fraction
or the second C4+ olefin-rich fraction or a mixture of these fractions is charged to a selective
hydrogen treatmént JtecanttHeve Pregsttartalgitie Hyehomettity hsecipidsahosbraumBtadidsistaining

hydrogenatigm satalyet ehselectivevarogenatignsenditans Rasiestya to canyer highly Wpsaturated

hydrocarbons to the corresponding olefins thereby eliminating coke precursors and wherein at least a
portion of feareEahmg “derAly Midotreated stream is charged to step a). 40. The continuous

process as defiged iT@%Hﬁt%M%ﬂ&&@%@ﬁW&l Hﬁﬂ%ﬁlﬁ% @R@héﬁ‘&ﬁ@ﬁéﬁﬁ&ﬁ%hﬁs%@ﬁﬁ%@“on
Zzone using an pxygen-contalnln%astream under combustion 30 conditions selected to produce a

regereratédEEEYEREBNR RIS LY esHAte S AfrorkupiRHaMRIAds Bydratol gontaining

phosphorus having an aluminum to chloride anion weight ratio of about 0.7:1 to 1.5:1.

33. The continuous process as defined in claim 32 wherein the molecular sieve is
dispersed in the hydrosol prior to the gellation step.

34. The continuous process as defined in claim 33 wherein the molecular sieve is a

10 zeolite having a silica to alumina framework mole ratio of about 150:1 to 800:1.

35. The continuous process as defined in claim 34 wherein the zeolite is ZSM-5 or
ZSM-11.

36. The continuous process as defined in claim 24 wherein the reaction zone contains at
least three moving bed reactors.

15 37. The continuous process as defined in claim 24 wherein the liquid hydrocarbon
fraction separated in step b) is further separated into a second Cy4" olefin-rich fraction and a
naphtha product fraction.

38. The continuous process as defined in claim 37 wherein at least a portion of the
olefins contained in the C; olefin-rich fraction, or in the first C4" olefin-rich fraction, or in the

20 second C4" olefin-rich fraction or in a mixture of these fractions are recycled to step a).

39. The continuous process as defined in claim 37 wherein at least a portion of the first
C," olefin-rich fraction or the second C4" olefin-rich fraction or a mixture of these fractions is
charged to a selective hydrogen treatment step and therein contacted with hydrogen in the
presence of a metal containing hydrogenation catalyst at selective hydrogenation conditions

25 effective to convert highly unsaturated hydrocarbons to the corresponding olefins thereby
eliminating coke precursors and wherein at least a portion of the resulting selectively
hydrotreated stream is charged to step a).

40. The continuous process as defined in Claim 24 wherein the catalyst particles are
regenerated in the regeneration zone using an oxygen-containing stream under combustion

30 conditions selected to produce a regenerated catalyst containing less than 0.5 wt-%

carbonaceous material.
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