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SELECTI VE CONVERSI ON OF OXYGENATE TO PROPYLENE USI NG

MOVI NG BED TECHNOLOGY AND A HYDROTHERMALLY STABI LI ZED
WORNAIZAOSIBICTI ON CATALYST SYSTEM BACKGROUND OF TPEL/US2006/002366

| NVENTI ON [ 0001] The present invention relates

generally to the use of hydrothermal stabilization

technol ogy on a dual -function catal yst systemused in

t he hydrocarbon synthesis reaction zone of an

oxy gen & B TVESGONSHR SIONOF ) X¥ 65N A T T CoPROBYEENR

r el atUSINIGYMRINGING BiFDeT BCHNGT @GET ANBLA HYDR O THERMATLY

di  uent arSTABESZEDDUATDEUNCFRONCATALVIST 9PITEMSe of

this hydrothermal |y stabilized dual -function catal yst

1 an P procedisREHSRPEQR A Ry ESRIGR oy st S "
deactivation not only during an on-stream cycl e but

[0061]SO Uhe resatt iBrehfoE ptdtes Rasiafly td th%ru@bxsfﬁy&bihbﬂﬂaﬂsth%mzauon
hol di ng of coke |evel on the dual-function catal

techgolpg]y g8 adygt-fugetion prjelysii Sgﬁiemuu,sachm ti;;e awpa@éom h)é”lﬂ}l/eﬂs reaction zone
of a? % n&‘éé t? gﬁoggficf:%@gb%ﬂgplso%%:s%%a{t %%te fat }etl]atﬁrefyaluaﬁ ¥emperatures

n ex peri o atlve resu

preferapbr witlila fstaamtdilaeﬂtr dndrused tovihh ®8@ rqacny teehsls gy. UdeW  this
rovenment in the average pr ene

| ead t |
hydsﬂ%gqnalaﬁx ﬁﬁa‘é@léﬁff éuagp;fm@qﬁm Cﬁ’@bﬁ? $X§’E?W°Hﬁ6’é%@§ Wit 2 Bioving bed
reac@d&%&stbﬁﬁn by UTIﬁILrOQ&s i 1%7 Eat {:ﬁ\mﬁoﬁ Wbt only during an

al so over subsequent cyc es ati ve he aver ag
on-stigainayple bpy hlem en wicgtld-tolostle ﬂ)asmctlllnrdv}adn‘labhbg/ﬂm hoidm)g of coke level

on By BAOR 2B LT Vet o6 dne oot 56y Grongy Cetide fgtpsapty and

prop%'léﬁél selectPAfyl 6fARis htalyRE MR letiehal Retote6haM ﬁ)%he results reported for
iI'ndust ri/metes concernéd wth the production of I1ight

the priiastarta Theseerodsionaindutthiead tosa sheeiorprovansent imthegerage propylene

silBRATEH <3, B ASTRE S Bt B ool RSB RS i St ey
tlmd T alswvbﬂ@m@mqu@ﬂtedvcrea krela@ach it Srerdge @Rt Pr&fyildiR ylf_:llﬂ that is

i ncl ude et hyl ene, propylene and m xtures thereof
achigyable b2 preigart Biogess thatysen weedder svacton derhpelogn rad an frostabilized

dualtﬂﬁ%ﬁ%scsa'té{ gﬁq&hltl es of raw materials that are

y the demand for these light olefin
[00024t er Aahajor @ruqenﬂme W(ﬁfd@lwpéﬂo@hélﬁichbdnaﬁitfya@ tonRrned with the

ecause.t he an be produced from such w de
meg%\?lv ablish plefs mapdl gén%@lﬁlr SuBSRAVGH luseglasthe p@@yeqlcéuof numerous
impOtAR tchéiﬁcal\sl;ﬁ'w% vig ?Bg&&gﬁ VRRAE o % tibh %l%ﬂd%he like well-

and vari ou -pro rorﬁ
knowg lchcmicallmadtlonmdughirqleﬁrﬁhacladdz ethfflelm lpropylenetand muk tuaesdthereof. The

art I\%Pq%gégltl%g |%ns§{1|r§§ 0 glab%%gplegﬁpfgﬁg)gfryaég&vg H‘é%netlrt{eg lo% raiV\FQ’ materials
that @feRRE4Eb|sU ﬁlWhé@én@a[ndthPﬂl@é &gﬁ olelﬁﬁtmz?féﬁalg'(ﬁl#%ﬁﬁgs are

f or conversion of nethanol ht ol efins
particplagly aﬁractlweb@aw@hpy @%e@:mgdm@dlf@m sa‘émnddlyl arvrallll&le matenals as
263 nver
coal i) ERRIUET pERS DR 0T Roka SRRYES FoPlpyey and various

prodob a8l Bytpheduetsatbdi Mheddgricultural industry. The art of making methanol and other

oxygenates from these types of raw materials is well established. The prior art has revealed

essentially two major techniques that are discussed for conversion of methanol to light olefins
(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 a DME and methanol scrubbing
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DMVE by-product recycle. The focus of US 4, 387, 263 was

on a DME and net hanol scrubbingstep utilizing a water
w@odovesds3d n order to efficiently and effecti vePgI/US2006/002366

recapture the light olefin value of the unreacted

met hanol and of the internediate reactant DME. To

control the anobunts of undesi red C J+ hydrocarbon

step YR HPIBE A B SOVART U0 SRS A Erer N L A g Bebt olefin
value %?3}8&'1%&%&%@*5@1 and/Sf the Ql%émﬂ&%ate actand BME 4% &Bﬁ'OHﬁe amounts

close a netal al um nophosphate (ELAPO
of unmededrﬁ,‘qé hypeechfbion prddpcts psoduced) by d8M6 piyees ol satelyst SYStemS later

prior SRpEsERACTROTLT TOLCRH SOTC SR BIGgy STt ed o USS.126.308
and UY 5<t19lf €4 Phistibe Y m@iaﬁﬁlhﬁﬁnoﬁ%éﬂl‘ﬁfd @A@d})ﬂnﬁﬁ@r@ Rpecifically a
propy ene, along with various boi li ng ol efins.

silicoalutttineniospliste mm@glslawcvecﬁﬁel’&)ow ¢ strepsipsEBEce for SAPO-34. The

61aSSig%5tZE§%g°?’88g) g%gogﬁ? I le:r e s omog tﬁgﬂtt 61?%‘ 51[ Eleren Eﬂc}péth@ {ene

propyidhey aloh® Wathad}ivsd BhérboilingCalafiist Adheughpiha t:hsnwi OTO pheess
reaction zone, the art has |ong sougiht an oxygenat

technglogpppesseses themppatilifyrfishying Wﬁtmwm eﬁrbpli?@}l%rée‘fféiefeértﬁefefmm
rom S B O 0 stk ey RO T o o

zone,whé it hieldng sdighs e dxyaenite yo febpyl20€ 80 EPtedemiogitbat \aould provide
pr.ocess for selectivel r oduc | ene froma

better 3@@6‘%9 BlePYlne ?%tﬁ’ﬁﬁ? | %"e‘g Uhgﬂgl gﬁﬁ‘gyw DVE. Three

[000:«@ eaCF%l?caﬁBH’N%' Usﬁbdﬁm d@%@é‘APﬁx/hW@ﬂﬁibﬁs}%awmy 94 2003 and

ysts in a parallel” flow arrangenent w th respect
describes ameooexg/@e seleaivelyguroduming propylses fram o feodstenkrwhigl aemprises

e B SEGEL e RESGH RelnebaBbt BBl POl

a pardli] %{)v%a@ggfn&ﬁtvﬂﬁvﬁkpe‘é}/ﬁi tB8bRf geRate FBIdHIdlin bspRal(flovearrangement
ZSM5 or ZSM I | tfy }1 havi ng an al kali content |ess

with reispest gBhe sHineadiahy mrees‘(tpﬂ@n%@aﬁﬁwdé?acws@hq w&ﬂlcetwp teaches

_ 0. :
B LTI Y
alkalidemiednk esltHay 380 ppmeid|a Aiic alide Eddpem o lesathian @. I We%\m\lpled with a

rstr RRRC PRSP BRHS AOnES5h LTS JBE AHONY THE D1 BaURrget descibed by

FJ‘ | 1:
o 5 Bl B SIS DT 05 e
to thesER’ﬂICrRegenlmmbaldrmiﬁﬁemeaa Macle eﬁ%ﬁ@ﬁ aRdris, Pﬁnavg:e)aas havmg an

expoiied G e BOOR O BT O O B P Gofpetors fn bl Reneration
becohBSR&RSA} n)} A sthWS AGHdnyfidat SO %Y cd)ﬂife%l(ﬁ@éo@ilviftp loGer the first five

oper ati o i nvol ves 1 ncreasi ng t he aver age r eact or
cycles £Ptperoay entmnalpracadenpfor comparisatingfor eetévibrdeacay irhaecatalytic operation

invol B Eieang BT e Mar ok i efedd 2 hat B el UPERAIR in the
targeteﬂ\{@l[%d @grézﬁaerttmm o€ TR XG BerlafectAY S, age propyl ene
ec

sel ivity of an OTP process over 1ts on-streamcycle

[0004]; e Tan trativen eddressedbiitiacpreseat wqmcrnelﬁéhﬂn P %r@e;ﬂzq qyerage
prop@ efc 1et§’ PP g‘yﬁ %J&% ot oﬁr @le 'tf% S{ﬁl\k iminish the

WeY CPropyt ene se ect
requlﬂ'éﬂlferit WEBE'}}cﬁ\bf olefin products other than propylene in order to compensate for

lower propylene selectivity.
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[ 0005] W& have now di scerned that overall propyl ene

selectivity is a function not only of reaction
waeondiogisens and of average coke | evel deposit ePCDOS1006€002366

OTP conversion catal yst during the on-stream portion

of the process cycle but also of the hydrothernal

stability of the dual function catalyst systemutilized

when it is exposed to steamat relatively high

tenmperatures. W REMMARNOBRTHEINSMENTION! ri x

material for the dual-function catal yst systens of the

o0 WPl AR SPA AR s tsmaor oms o
reacfion @peditbnLandf avfragdddkenet @gsositddbo® tHEED TP ¥oriREsén édtalyst during
IS a phosphorus-nodified_ alum na matrix containing
the pnepireasn perdiopé fsspragssy evclabuhmlseurhiambystiathernird sisbditngéthe dual-
fon oA RRE SRR it hhds Bbpliea B RERAR ARRLANHleh frfberatures
We tiaredt folnd e birmier camatrixahatexiatrfor the sual-finbtixaidaglyss sgstéms of the prior
art tEgt:,)etnp L é) gignh a_]véﬁa%ixe/ bllaolcelgt g@gt Oh{r&%ﬁ&%%y?}}e\ﬁ}égrg%d ?Iba moving bed mode
of opSYaB6E OMAE 0TI Brodd, T nidhl inBribOis B?ﬂ@ﬁib%ﬂ%um@d&@?é Qgﬁ’nma
Ina mtrix nmaterial conprising a phosphorus-nodifie
matyk gedtamingolabidé phasphdrapandéonhaspuor arsomn Tho aveadgenpropytene

ni.ons t can mgrate.into thi | ecul ar sieye and .
scle PRI eb S BRG Bi R i oo Rerlps s Yo Sepilipll enbanced if
the &dlfeAdtion chiaBiseOImpMiesa nioldbnte sROE kndfaltd Khdth @Bility to convert at

caused by exposure to steamat relatively high

least & ppydion o e 9Xygenpistieed: th@renylenerand e iamrcmé@étr{gz and Qg olefins to

[ £t [ cl e, ve al f.oound.
profRe ERedlea il pili PRORE i e HpaPE i BloRliee ilfina
contetiag Mbile pliospherup bedendlumii@ninions Maicahenigftelint®this molecular

sharply. inmprove the performnce of the fixed bed OTP

sievp apd gakilige ardier jspaip Andipr anneldhe frampwopk stivguge BisTaod pibge it
oL AR SOET Bkt PR ARy Rgh R Bhlrls n ot

the qr-stpsaneas] seérecitioni poytidme o IO TP grdcess ayotes Wedlaave @jsol found that the
as, wel ]. as. the | e-to-cycle | pss caused by

by Bytaleantioen S Pa G o REu ey Tortpn cbhgused to shaply

impMRe I ORSFABAc b ithe ﬁxéd&ﬁr@@ bHRRYs GFIGE Wid @ Steam

sensitive dual-function catal yst system A secondary
[0006j ecThe/primarytabjéctipe of/hephescridovmtion ss wfprovids apealistic and

It P process to.control ke deposjtj.a n this

teohjchny Feanle SRS RO RS AR ekl B B35 it on-stream
cycle anwell Sk et GRL-tLple! 6@ atRldesrepdnbhatidh of iR {or lafMBled bed OTP

relative to the prior art. Athird objective is to
procggfovhensenseated with@tstapm dibgnbsndowitle 2 deposensitye dfalfimstion catalyst

ah - i.on: gL [ r .t 1. 0]. 7]

v GHoh s b T S0 b 8 QA0 TP s
contesl@eke fepositivh@hethie dual-fiatticacdakalyst ¥n ofdeetoahyintiib§gehite

hydr ot her mal, damage and prol gnging catalyst |[ife. A o
conyggyien gchieRyleps paeativiiy at lighes levshickeivedy thegrigeart. A third objective
is tol r - b b L ziaki t :
s oSN SRR OIS e SO L A BRAR O ot in oot
miniprioe the sey@BYP 6§ thehreganamtian ttep that ix needed ® cxder@D Fegporo catabyst

.f.or .the selectiv onversiqgn of an oxygenate feed to a
st AP BN A A2 NG BN (GRHEE 9 PES IRBeing sdalyst bt & more
gencsldbjdcRe I 18R oABIRINSHing bed technology and hydrothermal stabilization catalyst

technology in order to provide a more efficient OTP process.
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technol ogy and novi ng bed technol ogy to maintain
catal yst performance near or at essentially
waee@rnsass cycle levels in the initial cycle asPeEUE2086002366

i n subsequent cycles, thereby enhancing the average
cycle yield of propylene and m ni m zi ng oxygenate
br eakt hrough into the product stream |In the first
step of the process, an oxygenate feed and a dil uent

[0001] n ailthe instant Inyentiansip en @ TRgproeess far tha salectiye tomysrsien of an

oxyefiipid R PF BrPulefis ity 8RR SR AH Al Hdollof catatyst

technIb@¥Mant ﬁldﬁ@dﬁbddh@clﬁhbldgbfttd nlaghtiaRYRIyst fdrfdrasdée @ear or at essentially
portion oxy enate to propylene and to

Start-pfws@ﬂ%bﬁdé in thezma yeke as willeasiin suhsgquesat sy@es, hgreby enhancing the

averags BRVIE YA O Bp RS ?ﬁ‘ﬂﬁn%% PP B firoduct
streampelif the fied step od ﬂle(ﬁEEbasgantomygenatmfeectmﬁ adibieng iredn dreauatt
bed reactor _ operated at

coneggrg);sgggg g lcgfﬂlgll mQles ol ndih]&plgtl SR I0ke plmyiggrate gre contacted with a dual-
functffl Ry %Maﬁﬁ% %Ble&l‘l)(&ﬁé\%t End'v?n B 0R¥ iebi B0 bnvert at least a

convert any ethylene or heavy olefins recycléd thereto
portmmoﬁih@ pyygnete te\propfyfehe emt tosinfeecmvers Cpteed ('t cﬂdﬁmm C3 oleﬁns

dispetfeda PRoROB T LRATE HPRHS U SRoBEoBREA Bt digfimam

amon@ n‘PME‘ k@p @ pe%fcﬁ:&e@ lieid OTP ¥acBibs %bﬁeonﬁlﬁlﬁg G teasidny FiRb&Bed or
hydrocar bons and m nor anmounts of unreac oxygenat e,

movipg bert redctor opNgige ﬁta@t—ygenaﬁﬁ: gcmvyrsamsqmdrt@mé fohgtmed@ s#lpesively

conv«%l? S)Qg_&[eﬂ%e g& Bl%g)ir %% Olﬁdaf: ?elﬂ ay. e%{glﬁ%ec 8‘1{ 1?660§ %le‘?’rﬁg recycled thereto

to propyldndeAh esﬂueﬁamaaﬁl P asmetidavin Sepatha 0T reactitd #nd containing
cool ed and se?arated into a vaporous fraction rich in

majomn@}rravf pia C3 glafmepdyct ard ¢ wiateg Spaedichand lepssn amapnts of a Co
n +

A

oxygdslmm; bgrpradiictioaygedathy; thi ghivnixansatad ﬁydllbnal'bom(lsunh & diénes and

unsat ur at ed hydrocar bons ar o
acety %59%1?@8) 9 qrematic %Ycﬁml?%ﬁ th? ﬁf‘é%éﬁ@? tyis gHifyegfpiream is
passell &6 Q‘é% B8lidnzohbhid S60& Ad garﬁfeﬁﬁntb% JaB@fbuE EaYisdiedct @ Cs
t he genate conversion step to provide at |east a
olefinsoa wiaten fiaftiotheondidining mureasted oxygenaterand Plyeprodysd oxygenates and a
vered in this. separation s
iowid o Piog i B ol SRR e ZsRE TG led aydiooBons and
minoPhBbiiits bf Eighfy ﬁﬁithﬂt'tbd dfetafodb bild foflatiBhQaiéeirbons. At least a
fraction and a first 1 olefin-rich fraction

portiasopiithe wiatey fisrthern reapiaued i this sppagfion stepsisthanaeexsled to the oxygenate
COIIV{ILXigl[I gf%g rtc? gpo%i%epgt lcj:aglaas é 819 OF fle %nlug% JSF&:“ th(e:?ei& lﬁxf IVg.i)&JOﬁE fraction

recov@fHdl inmak Ise}pakmloh@wqu ﬁﬁth%ﬂsdphﬁtﬁﬁﬁ arseacs:ddl saparaﬁmgzon“éhﬁto aCy
ol efin-rich product fraction is then recovered as

oleﬁqmcla @iasfaqm Briciefefingich pradugtidiaction|apd aifirst G 9leBiprrigh fﬁaﬁféon

comsfif i ol AL LN LA S e

oleﬁrr—acly frhﬂubnt antbleeedOVEYed asmqarcxiuohoxsctaamptﬂﬂmélydﬁneoywéd to the OTP
i s desi

I
reactigpaRe. ‘i}yﬁeﬁ@ S Do PoRe IS risg e a6 iacipal product

streari Q08 8t 1364 ol ﬂérﬁéﬂ §f théHfirsP bifr'o[bﬂhl-ﬁéh RAGRAM &iftfeP chdiBed to an optional
corresponding ol efin, therebyelim nating coke

selectpvaat@cdmgmérdahnmmp er diTeetlygeepistesito thes®EP coMrsion ptep Gt optional
selectwe hy d¥o gen treating step is designed to selectively convert highly unsaturated

compounds contained in this C4+ olefin-rich stream into the corresponding olefin, thereby
-4
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hydrotreating step is performed by contacting at | east

a portion of this first C4+ olefin-rich stream and
whyarogss wi t h a metal - cont ai ni ng hydr ogenat i oPCT/US2006/002366

catal yst at sel ective hydrogenati on conditions

effective to convert highly unsaturated hydrocarbons

contai ned therein to the corresponding olefin and to

I duce, a sel ect ¥ ij otreated C4+ qlefin-rich
© mﬁP%lﬂ% oske PKP“TS%S f&o@ faﬁnV&FSI?Ihﬁtep | Ehdg ontional cagytics
hydkdiRBtIAEEYS is%ﬂ:rfo?m&clﬂﬁy grﬁa&ﬁ’@‘é@ {2t portiSPof fg]\sq{lgf?@#- Blefin-rich

i nterconvert these heavier olefinic materials int
stregiand hydrakerywithteimételscapfaining hdogeratiop caplyseataclective hydrogenation

conB it B 008N G et YGRS BoAETa0%h o
con'pﬁpmﬁinglwefﬁﬁarfdietﬁ piddued a@&@(\ftﬁfew&d)tﬁeatt&ﬁ?&m BlefihitaitR0on. At
yst contains a zeolitic nmolecul ar sieve having a

leastg P%IPH (o& this lasiclprsioniinien eecyeial & e BMranvershon step i order to
intefcORy&H B85 k2 %@Qgg@ﬁ%ﬁh% inth Séfcﬁ D! %ﬁﬁhgtgrg HEldeERea propylene

correspon foia a8
prodmgt.eri al s. [0009] Preferably, the OTP reaction zone

0‘§@nta s.at | east 3 noving bed reactors which are
(000G, nelg SHVPR{ION 1¥elvey 2 PIIOSWS 0T thaselegtivte cppwsgsion of an oxygenate feed

to pﬁfi)'j}fe'ng W ééécﬁ'ﬂed"ﬁﬂd@e WG Ehetcﬁﬁpﬁﬁﬁgﬁ&‘?%aﬁ%lg&ecﬂ a Rofitic

serial fl owconflguratlon W t respec ream
molecfulwwane pevingarstriuctusescortespondamste sZStMiérc&tZﬂmug hxr cbfRitB]an ELAPO

moldr i ST bR RGPS RiSAHT34 o GRuGHIS pfhese materials
[(00097i s PREQSHIYEAE OTPeehdtihaBhe BERSRS 5t 1kt B%&ﬁﬁ§ﬂeé px;%actors which are

herein as a methanol to propyl ene enbodi nent
conpegtyd ip asctigldlovpeipayalieh Boyi oenﬂgmrgtlmbwahmespem oxygemate feed and in a

sl 8 B RSB AL RSB UE o Be Fees

thmﬂhﬁmgn rich fraction and a naphtha product fraction
and at |east a portion of the resulting second C4+

(001 o ; Toispreferied 4et thsrpxygendiniegéd qontping arctivinobert dlylethquﬂm ora
leQ;rfPthEI%BY Gh i Qm%ﬁfh g{ tht (?nstt \3 %%ésq%] %fm?%d &5k edﬁl 25 %Eethanol to

drogen treat nent
pankmee@bndtmamﬂﬂﬂPmroduct |s recycled to the CWP

OB LB B BB ek AL b BB v
in theRMWsBark@Q1ddy ik h’@rtl'fér@e{ﬁ?atéﬁnﬁo REQLRI T4 Y @h@@% and a

a preferred enbodlnent e present ifventi on
naphtirprodmdifipcONSamER 1edsTa Ehisoh 00 18] resttiing scbd\ClY olefinriich fraction

is orfi SRR isPg MG Sy gston o S B tohel sstective Bycrogen
treatfich©aep ARPASreBftéMRE re%ﬁltlﬁk ?&k@geﬂ%ﬁte& Bﬁ)tdul?l‘ﬁ rddyBled 3Fhe OTP
conposition as the whole streamor a part that "is

convgEiQH Fieriingyrder tp atarepnyryt thesedwdviey olspainkbpopgisnponent
therefrom(e.g. if the stream contai ns hydrocarbons in

adm xture w t iR ERFIION OF THE DRAWING

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

invention.
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after condensation of a major portion of the steam it
conpri ses an aqueous portion and a hydrocarbon

wW@eoriogs}2 (2) An "overhead" stream neans the PEL/US2006/002366
over head recovered fromthe specified zone after
recycl e of any portion to the zone for reflux or any
ot her reason. (3) A "bottoni stream neans the net

bottom strea Mthe S eC|f|ed zone obtai ned after
recycl e of an NIRIPHSREEINITEQNS: i ng

and/ or reb0|I|ng and/ or after any phase separation.

[0013}4) TG fS18Fwthg kdrBilan® b&ildifihs HEERA if} rsé%ﬁ éféﬁﬂiaxﬁcﬁ{k%uh the

and m xtures thereof. (5) The term "he
folloyingraeanings! @) iAn“eationipia striohmaudaas emmrghtahgucaqmnhat hasthe same

comgBs B8 8 Ut wild o4 ST EPAR BaEl obighied BRI G edseparable
compone thérefremr(ed. FRodicaRdonieh afbons ﬁ{@dtﬁlthre w1th steam, then

nmet hano] the OIP process is referred to as an
after gpnsiepsagiop of ampjorppptiomhes the steamoi 9@@9@56@ anmaams anruon and a

e R 2 50 B PG OB 0 SRR o

specifiyd kenet dfreetecyelans atyiportion ¢i the@bnd forgeflukeorcal akis keason. (3) A
“h apticle is exposed to feed at conversion conditions
ottyra: Sireany Eieays e DAHOLRM Yircam o ﬂwe%v@eﬁ@ﬂ zeram@btm@ﬁd after recycle of
ﬁﬂﬁﬂ%f 8
oy RN s of BT, 10n SRABSP AR AR LY Bhraion.
The telm élllghg olefims’ mewmthglmteepmpgbnd and ﬂ'extu:haﬁ théreoft () dthe term “heavy

oleﬁno r{n%e}nfs gg%e@@ﬁﬁgﬂgﬁgg@ggﬁ: v(\)/%llv tr érggtﬁgdt o_py[;aggf Q%i) %lgq: expression
“OTPTqR6Eesé BRhns I4robER fGaloBl fthg GRLRYIASR D g}dli)gléﬁ@ affll | a preferred

reactions and the olefin interconversio actions
embodBaers Sdiey theom@'emeéqa tS mﬂh&mﬂ the40 TP praskssis reforrgt omelaaMTP process

e g BB SRRE 3B e
contairgagll ky 1 edrbéil onik. (8) Thetdr@An‘canb/sOon-SReBe tlﬂ%’@nieﬁh% the

st ucture of t he associ ated nol ecul ar sieve. DETAIL
lengtippsisnp fiel coRlysE PAHEL ellmmpm qee@auqon‘melon@en@tmeebnfore being

N T Lt K

yield’tmadrsi ths togd] prapddneoield M@@ﬁe&bﬂl&s&ﬁﬂ-s&ez&@ ciidle tiglelidvided by the
contains from1 to 4 carbon

and nore preferabl
total SgiiE of SRt doebypHEH TP I AP RIS P ¥t (10) The
term RRANARRHoAI B R GRS §TPARLYsP ?étﬁl 5(%) l‘I’fh%t(ﬁ‘fiP reations and the
counterparts. Representatives o 0itabl e OXYy ALe
olefindotepevurmersionmedctides mb$sarydio codvemeCQ yhd €t4f’ie)ﬂeﬁns to propylene (11)

LT e

are refdikt ¢#p@Sle bh i @afion AhPEahEVenesht (76t SRR £ c1ated
met hanol or dinmethyl ether and m xtures t her eof

moleoujar sigge.OTP converS| on step of the present inventi on
t he oxygenat e feed i s catal yt| cal 'y and sel ectively
converted t MR ﬁ bons
contalnlng I C m)leles suchas-" but t limted
t o- et hane, et hane et hyl ene, propane, butyl ene,
[0014]) ut alfte facdktrieilmichatgeditmmmmtamft Oitﬁlﬁbcd%'s gbpriss’0ae Br more

al i n
oxygenates eIrhe oXy ena ( fceeds?gck pretIera%Ey contains at least one oxygen atom and 1 to 10

carbon atoms, and more preferably contains from 1 to 4 carbon atoms. Suitable oxygenates

include lower straight or branched chain alcohols, and their unsaturated counterparts.

Representatives of suitable oxygenate compounds include methanol, dimethyl ether (DME),
-6-
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the feedstock with a dual -function OTP catal yst at

effective OIP conditions. This OIP conversion step
W@b®o/0sasss mi nor anounts of highly unsat ur at eBCT/US2006/002366

hydr ocar bons, such as di enes and acetyl enic

hydrocarbons, and aromatic hydrocarbons. Presence of a

diluent is useful option to maintain the selectivity

of the OTP catal yst to produce |ight olefins,

ethaak, ity etiey, mpetbylgthen éormﬂhtehué@ dirnethykkdtensnacesio @hldasnd mixtures
therééf g&gnpréﬁegﬁﬁg R gt?] eagg (gosntt%lrsls Wgﬁ Qlt gt%?febh%{) %n& H‘E) g thereof.

[001B]eSS U e WTR Erversionasnat (ﬁfth@pfébﬁfﬂ ﬁmzentldslﬁ rtlﬁéﬂdxygenate feed is
i ncreasing selectivity to olefins. The phase change

cataphically And sedestivaly Ponyeirddo meanyieng aad hy-piodyst %Y%P%y‘ecalswentalmng
allpg%}é;arﬂﬁi%ﬂgs dfdnbg an?{n]el{d’t 1iAgedRL ﬁ%tﬂ)ﬁﬁg netﬁ:{}l% &6 ﬁ%, ﬁ)g&)ane,

the reactor e uent, and the separa
butﬂeﬂw bmﬂané aahlimhed pnouhic bf sthephi gknﬁ carbloyt nanﬁmm:li;ﬂnatics by contacting

f .\ .
the fipfiigtcr b ikt OB sthe: HERGHuA Ik ogiciionssanis op
con%}ﬁoﬁ %B rﬂso%nﬁ’d HRPbhmdasd o‘f"lﬂg‘tﬂ}bﬁqshﬁratt&?h}'?cﬁﬁ&?béﬂsoiﬁch as dienes

to 1 nol es of diluent pér nole of oxygenate
andan@tybm@ﬂmdmgbons Bnd atamatichydrocarhdes. Rreseh a diheent is useful option

o b RIGIRLY 81 O BF sl ETRDShe Befl saiBnpdiichy gropyiene.

TheRis€ $€ A Hilhdht SRdh RteRVdaBi RBVIHE 63t Edin BEhiPhedicobidth@hRl efficiency
of certain heavy ol efinic by-product streans that

advgpgesiap wellgpsilewarigtthe netiat prossirenidhe peygsnsie reactpats, thereby

BRI 1 SR, TR RS0 FOBE R R e s

emplbyedantadiamtidedn Gamfereiag heaibernstn tha tbetistecledrar e tdaetor effluent, and
amount of diluent that nust be added to the OIP

the separaiion of therflupnt fpng dhe Rradyust Feosves PPy asipplstcondengeign step to
sepdre WG Shh ﬁlé@d?oc%ﬁ)tohgégﬁdclts di m ni sh once the OTP

reaction zone I's start In the nost preferred
[OOIﬁis e Wapreviatsbastated thnsan’iomi off ddueht useitilk lisaema:h@mtlge fibm 0.1:1 to

51 IR b T e LoD 2P0, LA

partfhy gféééiﬁfé BOAR APEerAiReS a VRl &fhfé'ﬁtfﬁsfdr@ &dﬁ&ﬁ;n cﬁfpﬁopylene All
recyc ed to this reaction zone. The conver'si on

“emhodimaénts ofthe peasentiimvention eMdsipn mpkmg deasonecd eedaindeavy

oletfl By Pl FEaR: B OB T ek APt ERES G en Bpnaropytene
and éﬂu@ﬁm@@rm@ VEHeSé %&gél@ RRedna wWilBthus AgRisRkatdRfed B/drocarbon
600C is effective for the conversion of oxygenate over

dilugpido KiroMAP ssatemaene adiarbrofhe amoantef dilueitibat ygbe added to the
OTII’ ?%ﬁ*ﬂ&{e(?ﬁ 8h{%ﬁ Hﬂc?ue% @l?e:t n‘[%r uetnpﬁ) cp;{ Iat [é {n%ﬁlegl%tlo will diminish

propyl ene an ures “thi srange

oncé theTP Feactisroghnetis smrt@;f uethHeanest @teﬁ:ﬂﬂ@i expense sidam is used as the
ylene. Preferred inlet tenperatures to the

dﬂugétgg% APAUR S stepmreharged dhihg£HTR raeiinnzons durpg étart%r will diminish in
proprEbieloAb gwfoglgt"ﬂt S 8%‘% WGearti e 2h& HH’I%¥ Al rﬁ%}éxﬂéélf gﬁ? %re recycled

across ea reactors is preferab
to thds reanigen minel0 to 8Q0C in order to nlnlnlze

drot hermal deactivation an VOI
IOOQﬁ cel SRS PR Cokibons PGP ot O5R Feastion 2ene ipgpoqrfigee with the
presefit B¥RRIONARE 81§ BhdBR 14 BRBLHR MG R1cBbn bPSropylene 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-
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tail end of the individual reactors is allowed to
build to | evel s beyond those contenpl ated by the
w@e@3mess3d nventi on. Most net hods known for coneeDUE1006002366
the tenperature increase in a reaction zone involve
utilization of multiple beds of catalyst in separate
reactors with inner-bed or inter-bed cooling utilizing
appropri ate heat exchange means and/or addition of
range Favor thel produstibn afiethylese aff the expenbeofpropyemg. Poeferred inlet

o0 B 2 SRS b TS s A AR Speray o

400°a8 15007 AR erthPérathbSinBicasd aerdse lead ¥ tRE OTPE¥hR6rs M Siefedably held to
i nterconversion reactions which are mldly endothermc

arange RENLY’ O Edn ordsa b mmimizedwdenthermal deactvalion and te h@ld the
acc@%?acdoﬁr}'scﬁgﬂft&éa@eg)\?glﬁ Hq §H Qﬁeeéa?glgst% gtraqti)sd%(pgltleﬁ)cgg Gk 1[1)%12? temperature of the

tailrepd off ¢resindividual rehevizdsl alipvesic badbite ledls @Eyd;rﬁﬁﬁbsd ddntemplated by
part by the use of relativel cool recycle streans to

theé’???@’f“d@"%{ﬁ@ilt Mostamethedsimommeor gentralling e tempgigfure increase in a

reagt'r(;rf’z‘?ﬂk int hzZPSn Qf%gﬁlg%t Bedk Bf PAORY i 9 a?z&@ ¥e%'§:§)ir$5}ith inner-bed
step is effectively carri out over-a w de range o

or ipteeded cealingndilizitigrppiapriete Heat edchpigeanenne and/et sdtionl 6f rélatively

coof iR o 57 sy obPRRORR Ol ik @ pHGRY (EHCY] th diluents that i

utlﬁz%‘dci’ﬁ af Rhe W ﬂi’é&ﬁﬁlﬂ’(f&ltfbﬁ"b@hfehﬁ‘i‘&es thE ubSoft {¥hfer a.nd/or heavier olefin
preferred to use an inlet pressure of 101 to

intdrernvarsiprirgsetions siichsara maldéic éridettermint to 1ol qoatreh@adxté’atemperamre

001 The contact t e rea t ant
incieties 1 ke od Be ¥ hr8legbfiei PF el il fffant invention uses
at 1édt 3thoveng BddBadibrs Wl@ﬁh&hied@@ﬁélyaoﬁi@‘é@ aVRhAGh pt by the use of
VHSV) which is calculated on the basis of a nmass

relaiiygly Gpot Tesyiele streanysy to prevideadditionahauantisiss efre@@wge ard @iluent.
ct I: t
O8RS 3k BRSO SR RO R Bl over a e
rangdref {mﬁﬂsdsrlﬁa?dlﬁ% irdextotaf pﬂemres&eméee 1|sar EROSp @i M. ﬂma but it is
the mass o t he tlon cat al yst present in
1? o iat s faraation 0% El,th oksvs ke PREYigtparedavaFd Aidaw pressurc

condtf¥ns rI@ RORSs %ﬁegﬁ@eg ¢ eoanjlgfe \Aﬁfeﬁs%e Wb, ?tqof(ﬁﬂc 1854 £ best results are

range bei ng est resu
achcervddatati-idtywdﬁtl@aned |n the range of 0.5 to 10 hr 1 .

100177 ¢ ThphipF i 6 B8 soactadis il thecrlo oy Sea i pRynarily
me&udddl ihirgl8GvERbA Y84 Way, %‘H(t) H@uﬁ? REe Ve‘l%cﬁ?}amsw)tv%uﬁ{ is calculated on

converting oxygenates propy ene as we
the bambf 4 mags lafurdyrfisy casmefthe smg of Itheef mass odphggemwanactants passed to the

OT? ﬁgﬁ%ﬁgé‘g ﬁt)]rge 1@ g%lni?a}ré? 9f r(eg&av%éat a tgln%a}x%aa present in the
feedst@@ini (@@ﬁy bBtiR rédycleﬁﬁ'e@mb ABA@A Bthe hidks §6@e dfalt fifiction catalyst

cat al stem of the present invention. The
pregsig] ufame:emtzoee é’i ipdhe OJRtegnmersign roneragBes from 0.1 to
100511{91\/ %v1 > ﬁggern%gltréry\% Hhﬂ'%r %t? %F,&vlgi?né‘%t %%Sﬁé (fnjdﬁ%ﬁl e}y attained in the

ranm@ﬁ(bﬁtcedomrhll por e nol ecul ar sieves are def| ned as

@VI n ores at | east alt portion, preferab‘?/tél_r .
(0028} + | g thegryapas ooy lsie COUEFISIOn Stepibisipr 6} itsp @dual-fnction

hyd?&ﬁérﬁ?atllgrs'ta?ﬁ?zga légﬂtalgﬁ dﬂfrsﬁhhﬁavﬁggs@i@ REpBit§ 3P BGilvetidePkygenates to

neasur e
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-
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McBai n- Bakr gravinetric adsorption nethod using given
adsor bat e nol ecul es) shows good adsorption of oxygen
W@ 20021086389 ki neti c di aneter of 0.346 nn) and nepdT/Us190€002366

adsorption of isobutane (average kinetic dianmeter of
0.5 nm. Mre preferably the average effective
di anmeter is characterized by good adsorption of xenon
(average kinetic diameter of 0.4 nm and negligible )

dual-Aidstioptatelystafonfausrmalecylansievensdhe pativedngipfignt gud nRyg gpecifically

the ng)?%%{aﬁ%%egghgg Ie i IQ/ ?sg}%él(p?ré%%g?%fpllgf&ee is&aﬁbﬁ?@fn%iecﬁfar sieves are

on of I sobut ane.
definb€ ¢ hifd Foras Baea b @Brtivh, fre@iratdn a astgarpoatien, io§ which have an average
adsorption of less than three percent b i ght of. the dard
effectiue dlaster shaneigyzefoweh Hiuk Begdr GRS CapRC Cagyyggt by the standar

this . ,cut-off. v I+ ' ot dd@bBaiefmd1B&iles) sh ood
MeBgit %@ﬂl%?w%lleté‘l\? 2‘%1 %‘cﬁrg&%%#@dﬁﬁ%@ﬁ&ﬁﬁt i nv é%_tj on | gvog o8
adsoidtiof Hf bk {dend B avey kigdicafifmeitt of0.34 () end ndgligbisadsheption of

) A. The average effective di ter .of .the pores . .
o e LS bS5 B8 Bt ramee
- il ' iAetS! SAEnY and
e
negligittoadsorgtonch fisobntheraadaeost prefersblyrhy gendyadsamion af pphexane

N A

dsofltlon Ry ABGHLRYS adBRACE 16 RASheB pereblt by weight of the
2 Songe?r actag?‘%e?ed by the rmlﬁ)ecul es that can_be adsorbed

b .
catalysttwieareasizand afiorption ia lan @mearis)veh s profbyalng ip thisfest. Certain of the
L1, t t i : .

ol G RSB eR Y25 B! A dDihes ase e

of 1c89RREY D aNR. avalaizt aifb@ive danieteraifitoaparas af prefesredmstalyets is
chosen from anong zeolitic nol ecul ar_si ev&s and g by John
determined by nicaswenpnts degcabed ndd e - Breskp 4RO EHMALECULAR SIEVES by JO
iley | | ' ' i irety. The t
iRk S AR M R 5 o oty oo e
“off@tivSdntaritouset @ derde fhat accasionably, thpdrasarg isregularly sheped, e.2.,
2 toinfinity, n_is the catjon val ence,and a
clipigtl ncupte ot mspoiigs & SHeHORE L e BlpoiRE iy san be adsorbed
rathérBatthe %@t%ﬂ cgﬁ%né’i@hé? b dTBb RetH SR poed wﬂﬁf/gmm@ fubstantially
also referred to as Zeolité D, clinoptilolite, i
unifemh potetsernctives;, eige sitbstantiaby daiformely sized pnd shaped peis) Ppigable dual-
ZSM5, ZSM 1|, and 22. Zegl it hav] j anlit
funcfph Rl EabarRe (oo ropaeRe R TP IAREL A 2P Aot

mol&udFsiRed.at i os greater than 100 and typically greater
than 150 with good results achieved at a silica

! t
[0024]] uni Aeplitisineoleeilarsiayes ishe calcingd foyo mey bg represepied %éﬂthf‘ygenﬂal
fl_ngle_ferred. One such high silica zeolite having the
O ycture of ZSM5 is silicalite, as the term used

herein includes bot ME}ROAIL 0§Dy yEIHENdi scl osed in
US 4,061, 724 and al so the F-si]i cat,etﬁli scl ose
r

wheae Birds 8 68tiomy eiap p &ple feoin 2 SuIfnEY, 1 15 iof Yalenge. and™y has a value
o DR DU 1B B 00 o, 255 o 2o

[00ZAt al Zedlitbowhithendyrbetsed probsierhabazite nnisomefered to as Zeolite D,
clinoptilolite, erionite, ferrierite, mordenite, Zeolite A, Zeolite P, ZSM-5, ZSM-11, and MCM-
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.
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a zeolite having the structural configuration of ZSM5

or ZSM1 1, sonetinmes in the literature referred to as
whao07/08p839 " pent asi | -type" structure and di scl oR€dUSIW0&)B2366

2003/ 0139635A1 . A borosilicate zeolite having the

ZSM5 or ZSM 1| structural configuration is disclosed

as a particularly preferred dual -function catalyst in

4,433, 188. The dual -function use of a ZSM5
dlsc%%?@d@@t“ 9519?%@1@ 130 the Fosiligate disdlesed 18 755 403,84 b preferred

zeohf@tfﬁxqgég b 1 és%flf HvERYHa5E AR S&H&ﬁﬁqyl 4 2GS &{;’fgﬁeﬂ

recy e stream contal ni ng ne “an
[0023]e paTht enost phefarredi zeblittSdualidmaiion eatalyseiusdinaliélpresdn® invention is

L AR N LI h—-
referfed46 84 hivikg &%é}tééﬁttyﬁ@wtﬁetu}é‘ﬁlmm%%&Ig&)gtidfbg@g %?63 5A1. A

configuration is disSclosed in GB-A-217
bOfOﬂbWQ?ﬁ@llliet hayingothe ZSM5 o3 iZ8Me4 1 istradtucié cordl gacatioaris diseloesl as a

part g oUR-BRERH ol i LS B 56 i onape ofa

ZSM@MQSIQ%?S@@% isclOXdd QIR 5PY 90 N here 4 fn%ﬁian@c)locb ISRy conversmn
(ELx AlyP )2 where EL is an el enent selected fromthe

zone & Yepchapsed; vaith # gecaﬁle§trﬁam eontaimingrikylem and awspatateoiefin-rich Cs+
gasol?x%bs"ﬁle 1?1 i 'oﬁ{%? ]h gelat'ﬂg??e’ld kag {8 ¢4 Ig_ﬁe?'dgﬁ il ffxglﬁéf Sfagg MTO

reactidn00he dl}écleedtthéreﬁD Tae hiscoeftd 01N cahlysi HasHhgaRE mosdealte structural
least 0.01, z _is _the nol e fraction of phosphorous and

configuragien jseisclosgd in GBnd-2471718.+ 7 = 1. Wien EL i s a

00 8 B SR RORBL R LB AR S o

effectivepart bize and arvegriesiedbyandnpitied] thertichihcosigdsition, @eimghhydrous

basisy SRFGHEY 1 BTG BUTitind. | US 5. 191, 141 (ELAPO)
28845135?371?%%%5%% B’A %@Z?oép( SAPS)S 4U$93 984

wher¢ ERpon eleigent, SEEZtGGBTOIH dreczri® dQIiBlsmﬁg 4ﬂﬁhc@ mergaédiym, zinc, iron,

1EEA | ecul ar. si ev r esized b
cobith ISt AR it SuERRRs Bt Do B8 mAe fractiop ef EL and s
at 1eastanOGH, Biidihe mEs16 Eﬂa&t@oxﬁéﬁm&ﬁﬁluﬁf arfdlis aBledT0MUNY. is the mole fraction of
hosphorus and a ter?l ating ent. Reactive sources of
n

phOSPEHQTC&%S@H@ lit?eat heaskf.0% and ¥ syt ﬁ —a When Bhlioe mmetuetmf metals, X
repre&'ntsr L ﬁ) t éﬁgﬁ? e@’nemS m%xt p%%sglata gpel él%?lg]?tg ﬁ@gare silicon,

fune or preC|p|t
magnbﬂamtand eoBaitJ memmfonaﬂemg gspevisiichrpasphor us are
(002 seuﬁo boehm.te Iun1na and phosphoric acid. Preferred

he Prﬁ@araa@h? Vaglogs M&s HHED 4R IES P, Bkl (BRAPO);

US 4%9@@@3@%%1) P f %@W
tetraethyla (Qﬂgﬁl uﬁ]ﬁﬁy r % ese W Zn?\PO
Co ARy, &ISi T3, 284e( AR US4, @ﬁl é51yar&1 Ib&télh& 104 00Gereeally, the ELAPO
nversi on 0X | ef.i ng and

moleqifih e & Ve oisarasbotmal Peualisgion Bamitsastin mixture

contaRli€ feBctA® s6@RePES BE Shurhirem H@s ﬁ@ﬂf@ laH& G téi@iat fReacti
us@g4 SEACT iy b S 0 45% SRR Een Reactive

sourcgsfjg};EIf, e thee@gm sefts sgeh asﬁhe gbleride and nitrate salts. When EL is silicon, a

preferred source is fumed, colloidal or precipitated silica. Preferred reactive sources of

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 -
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of silicoalum no phosphate catal yst (SAPO as a
dual -function catal yst and specifically has a
woe@esespre for SAPO- 34. In addition, US 6, 455PGH0S2006/002366

contains a reasonably clear teaching of 5 both the use

of a SAPO 34 type of catal yst systemand a ZSM5 bound

with silica type of catalyst systemfor use in the
interc ﬁfcﬁloJP’o%fﬁisQ@ 2 Qbsifed RO&ck BRAL%s REAGE séeh olnFﬁIe.cl)H@)%@i

est results in our I1nvention with a non-zeolitic
teachingstdU8 4,673943 end HE &, TLMIINEE oydtesii749AROsBeti fisteattiih gszmdhe use

o s e S BB Bl e S oy Seh by

preferédc'e 'f&@&lsozﬁlvhﬁadﬂﬁmﬁxsm 454, ‘ﬂgi‘cdiﬁalﬁ@aé i%é&iabﬁ)a:\(édﬁ %a@hmg of
lica to alumna LO framework nole ratio of

both t50e of 2 SHPOrd4 typsrodiceiabist systroDandia ZSMGﬁ)bOHTIﬂ wth silice type of

catalyg%rgétl Cgtl Jein %e?c{o%g?rglgtr)log g{ns c{ier'%ns tgt ero \f'gl;g't gnm s

[0026Mi t IBest ROltsZR Ol Inlventichl Witly 8 hosyed1818 ca?anytfc systeachre obtamed when
cat aluglst enbodi nent can be acconplished either using

SAPOpiisivsiliredsithe ﬁléalrfﬁncﬁ@mca@bé&vvbﬂﬁ best rasuls wiE azselitie m@tenal are
obtaingrl;%vgt;l: g+1gl)él$l ts{f]ﬁ%{{s E%SCIYIGSS? " ana]blntwg?frrlug eﬂglgiaélﬁig% §1118a to alumina

framewbud rhole ratgqocefsl 56fto rSﬁOﬂrand Imdsbprefidrably 460 to ﬁﬁhﬂr ASpartwularly
d|f| al u numma.trlxmo er .to faormparticle

preferigd. ity ot of s PryrBYEIsionds fhe SSE DR o1 2 AL G4yt system with
a non—Eéﬁﬁcthﬁd}@f %Ts?ch[ %mmﬂ%éfal}@f‘eﬂlﬁocﬁm@ht)@aﬂrb% a@éorgpcthéd either

or ZSM1°1 th SAPO-34 in relative anounts such t
using ZhysicabmiZisid of partdespontesngthetzeoktic matetialoiith partlcles contammg
e oSSR PRt R a8 ot S ot
into thB ab§hbAR et ﬂﬁﬂﬁmﬁﬁ nfafiex inBr8& b Fhu SarBbiRs hakiNebsth

e element (EL) content of the ELAPO varies from
mgred@nmgese@t therpmn. b lehqrcgen the prefemred congbingiion is hanxw@of ZSM-5 or

ZSM- F# emen S CIS gg% {e\?\ag]é;ﬁ%%%éaéosuale&ﬁ{ gglk/logl PP£§T ac | onpnfn 3301095

wt-% efSthe aiokdular picet poried of iaeixneo twithsa viee 65 0oi JONWEY, Hetng
silicon (usually referred to as SAPO. The SAPGs which

especighppisieripded in the instant invention are any of those

[0027 ]g es %bﬁg%éd%nﬁ)ouﬁéht ¢ ﬂ}eqztlentllc@ 152?1'?6213 rvg}gﬁlll télgg?erﬁé%t (EIé) content

the specitic cryst ruct ur
of the H22®O baitsifiont 6605 &v0.0p alcde fractidne IfFAPS1Bdre(thdn @ne, element, then

the to{pLooBREEAEPL b S the RS 5\ HoMFO S S BRB LD Ble TAsHOR sk

especﬁl%i%{eﬁe&feﬁ%&ﬂoaﬁﬁ?nt kﬂ%%eﬁgﬁw}%%zp%ﬁ a s111$oﬂ‘@§uaglly§§fegr§cel to .IelsnSAPO)

The SAREs wairch qaatbemised indhe irstanpmﬁmmwe amhef BeRGlesgribed in

U 4 B USSP R RE S Tensas Oh U et R D Rl Stuctures
describd@tinGld 1879 phieat, thd SAPO-B (Y, SO ?ﬁe 94)ig !b?éﬂe@éd A8 APO-34
4.3 A and less than 5.0 A [0028] The preferred

structuge lse&laraateng%methamg atts@rbémenolsbmt $ pofragdserd isnbutane, indicating that

it has Qg&@%&)cm; FE g /? A’lﬂﬁos Bﬁ(w)or us%jlgfﬁg@la%@ HH@? nﬁ?gﬁﬁ(tent is also

prefertedf ’DllienSAlBOFlG’t slmi:ﬁﬁda Isychatasterizedz @cth@tdt £ls6rts @xiySen, hexane, and water
particles. The rel g(t ive tla;m)unt s of nol ecul ar sieve

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
-11-
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to alumna matrix material is preferably set so that

the nol ecul ar sieve ingredient is present in an anount
wenreseandi ng to 10 to 75 wt-% of the parti cl BGT/WE1006/002366

t he bal ance being this unique alum na matri x. Best

results are obtained when the nol ecul ar sieve portion

constitutes 50 to 70 wt -% of the resulting catal yst

particles. In _order to fac:llltate novenent of the

form hYé%h?ﬂm&Ydﬁhﬂﬂeﬁ% ewioaﬁ sl artjles. tfhe ReloH rppamts Siguplggdar sieve
to alufm g\ﬁ%{ érl?:x?ls sé BRFHEN 1le<9ﬂ m%r%%lbﬁt is fesent in

erre at t ese partic ave a eric
an amaount mmr&spnaémg $phe to tavt-Phoskthe perticlEl &Vlﬂll therbnlancedfemgﬂanique

t ticl bly . f 0.5t0 7 ith
alumifagirik o Ba e UlS e YA L S eruS ot ey S pistiof sPmttitge 50 to 70
wi-% SBHE ?&uﬁm%' ABsEparfibied 18 oEHBr td %ﬁﬁ&te TR RRASENRE Hiulting dual-

nodi fied alum™na natrix used in t epresent i nvention
functi¢rscataysdo dioyingrhpdirsdvtets bs vell b thealssaviatel 1sigessptizanezone, it is highly

i,..€..,. Al PO4. trix terials that are.s ted.in.
preferfefsFythdsp DgpIeT Revq S siliRidof atprs RBizsPhcHHgRT AN Tpy diameter of
these @!tdl}?@t Partictes G hreforalilf FonP8 td PimrAetith Kest Resled usugllpststained with

W not provide al um num ani ons that can re-alum nate

spheriga] pagtiglogibpging ajdiameigy of bémMast t he

ho [
00297 10T USHERR rho e BB ok B Bl St o be
d1stm§i1shmi itonn ﬁi&laﬁnﬁmblpabspﬁfa&: (@al m}l’@@&ﬁhMXbmiadals tigetreanggested in

and one, or can undergo gratjon or_dis
the prioph i 4his 8 H’& i EBAlaooA e% At GHiR/ERL %in%&?&ldlc In
nature' 208 S Ebl%%cﬁ%ﬂgh{nh&na?non-mﬁﬁ%él?% Qﬁﬁln?éi@thteréﬁﬁlyst In sharp

avai l able"to repair, anneal and/or stabilize
contrabtrtherphwmpkows-mdikfierbileminaamatsix enaerie) aisevsin thmpresent invention

wel | -known deal nati on nmec anl sm of ecul a
contaify b OB PGBERPY ELFORBrEn g I B0 BRAY PRy (pggBifamd one
or botR YarPHRRSY Bidritich Ig@%sﬁr?ﬂﬂﬁh@bbﬁﬁﬁm@%ﬁﬁﬁ ﬁ@iﬂﬁdéﬂ@l‘ﬂ’ Gonversion
those used in the OTP reaction zone and in the
and regengeativmanonditions desq ma]arerﬁ@n @h@@gblmtp urspami; @ngabgnd/or stabilize

T A

molec@lal sidvORamEwblddsuARadT destifeatioh |ﬁldt Iilﬂnﬂ@@dhiy@poﬁfre {dSsteam at
4,269, 717. The preferred %drosol is an al um num

tempegdires FrEesRYRRg 91 thasedisad inthe O TRoeeetion zamg and imths Aegsnsration
in a wight ratio to chloride anion of 0.7:1 to 1.5: 1.

The nol ecul ar sieve ingredient is preferably added

[0030] nt d’ﬂeljﬁokp&ﬁbrmnbdﬁbﬂ ahmtmmdmmmk nguter[aD 084 in Ahe present invention

is prefPrpbtt Poge B bR i sobdior medh el S Ghudmos with the
teachﬂr?l%f &S hbedy I?dﬂ%g)r{ei@rr%@ ByRBEIRON MErREh Ehl%ﬁdé‘h&kﬁb% prepared

trix at conditions that correspond to the maxihum
to contamplansnwm eni@nslinst weighpativ it@thlpridsaniowof Bdt1 tarleS:1. The molecular

sieve {F5ITa0L 5 erably SIS S1ip L6 oD PG SRl | o er abl y

[oo31per f&bﬁ&‘ﬁ@ufaﬂ?r p@efsi%cafewfe &f thd pieBe InRAHES is0b stBRhfthe molecular
until "the silica to alumna ratio in the franmework

sieve pavedarbrivraitay adsfied iethe pheadpondgodifed aluglinemajrixhat @OIKH@OHS that
correspgncpt% tﬁé m:ell%%’lum ‘ie?npe?gmje and steam partial pressure that are expected to be

zonge.

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-
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and nore preferably 400: 1 to 600: 1.[0032] The
phosphorus content and surface area of the
W@ bwgpsssus- nodi fied al umi na nmatri x used i n t hECPUERE61002366
invention are preferably set on the basis of the data
presented in Table 1. TABLE | Phosphorus-Mdified
Al um na Spherical Particles Properties Sanple 1 2 3 4
1ol 2 3. 346, 3 15 7 524.7 AL:P nmplar. .
100321,.¢; i hdieRomiy softest aha Jusdackspdy oring phosphoptpodtBed iumina
matrid @eTinette Bieseht iientdn £ poéfethbly skt Bn thehabis lofi€id diifa pHeddadled in
Crystallite Size, A 40 35 34 32 30 Ol Ol SA nrg 225
Tablok5 349 336 322 242 141 PV cc/g 0.51 0.61 0.77 0.75
0.69 0.66 0.92 PDA 9 1 88 88 89 86 109 258 ABD g/cc

0.75 0.66 0.59 0.58 0.56 Gy 0y 45 Skeletal Density
3.5 3.38 ZP}%%}%H.QZ\/I(?&&%% Aam%%a@,#)hén@ﬁlp‘aéfcﬁp} ahest he
faerical particles were totallyjanorphousy ] Wen 4

WL & phosphor us-nodi fied al ur@ num Jrat Kl cgrgst | fsuf eS18db 247
AltPC}n&er‘A\ﬁo % and pfe{ﬁfabw %Ott@s 0 %MI%’%‘%} hes:1 161 11
e present invention

Wé%g%é or%ezéé%o?{ ent” of the ndirixSshof0d bélhel d#in the 0
A15@§1@eysfafme1ﬁzm25% -% wigh begt regultgyat 3§ 105 o

Woge both cal cul ated on anel egent abypasisy Wih 240 141
P\f&:f'gefence to Table 1 it Car(‘)sﬁe §een b.hat 6‘?‘?390693‘”909086 0.91
prPA Phosphorus content corregpondg to gy Naighl X fYrfage 253

AET‘)E/% of 140 to 330.5 n2/g @nd 3666\' 6.99 P @B@m&sd’ atdﬂs 0.45

atom c rat |% o? 1 1t Sp al 0034] tAa%?gh(lﬁgh

preferred aspect of the present invention is a

[003§]y dr mrtﬁagmepmmddm AXIRRH bR RhstifBick 95 16 S6-%, and
onpri si ng 0 75 % of a ZSM5 or a ZSM |

prefelze@b{ 3Q toc5 hwt-&ced th¢ cailystesybiami afghepresdnt drventiom Itlmvhmphorus

contehf FTRERIHI Bt Bhds STk e s 1000 Zedhrriian Wik B tibutes at 15 10

25 Wi both caRladdd brigh dlakhtal thfésﬂmhwﬁaréﬂ&@/t@l‘alﬂb W17t EHABe seen that
ani ons, hi another COM enbodi nent the present

theser#iigen OF PRPSEBORYF FeentCRECTONIY®f 3 me@wsfaee arAa ahi4hiot338.5 m*/
and afl Uﬁ%’ Iflod%iﬁwcrgt% &Pt % 5.t3hlewﬂﬁtbéét)1(e§ufts 69ta¥n%d %tr’ a matrix surface area of

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
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
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

-13-
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W -%t hereof cal culated on an elemental basis. In a
third COM enbodi nent the present invention conprises

wo @ 708088 | r st defi ned above in which the al unPEEU2VE6/002366
phosphorus contents of the matter are sufficient to
provide a matrix having an al um numto phosphorus
atomc ratio of 1:1 to 5.3 :1 and a surface area of

40 t.o 330. / A t i nent_of. th
embodihgaifiy i Bt Hertis Sube RSPt r g sho high sitca
to aluthi¥3 29NV QUMY RelRad RN Ss 1R b PEEd AlemiRP k18 de

by using an oil-drop nethod. A fifth COMenbodi nent

hydrogoh prsipered te hentaamligaimeions ip h@veﬂm ratip tooklasidssdiomeaf 0.7:1 to

1.5:1 fhEETRd e AL HingbilifR § Buaksiale Z9WS or 2o L L

[003shl qmedxptlbﬁairseﬁ@dwd&rﬁﬁigreﬁ Grehitnen0 e bNthIpidBepLiY @tio@ns designed
in a weig ratio to chloride anions of 0.7:1 to 1.5:1

to seleghively h@@r@aw& highly ywsaiiraiqddy drcrihons sich asi qmrws apdatgacetylenic
hydro%a?lgﬁﬁ]thﬁ RE AL Rhe TATPEGInVY 1% olﬁysgé qg%ﬁnsf _%qul.ee[s’{/egpthan 2

resent I nvention I's to select
wt-% byttie agmuatt@f dxiygéraye fend aﬁmﬂb@dnmproahymlﬁ)d ns 1suie¥ cd'she amount

convertiy ibiEHhese Hstr wiaRrata Y aORp B a daveser 2 sk source
of progﬂgﬁbt %eiﬁtlo@ Qe Hab@ R Wk t&& B&Y 9672 HifiGRd cGRANEDE ®Ahe rate of

typical fy 1tol w-%of thé anobunt converted).
coke dﬁhbdl‘eolt prethe dmabftmytlmn@ii’ watalyst! They eccmkbonecutiornatd tend to

concehGRL 5 Gl R ARl BAaG 2 G-RB B i dygion s

When ©88 bf irlosd &f thés Hebey sl8hig b?-fpr&ﬁiéﬁst%éﬁﬁsa!ré fRfcledtd the OTP
dual -functi on OTP_cat al They are coke-precursors

convegsiad e tha pescoae ehtheset xe nrqcmméb@rymcqaéfcawe@% pefalyel
instab%ﬁ%%gﬁ:% nlr% %ﬁ%"gﬁ ?%g %‘Se 25 E]égvy anlt 10 sﬁﬁ%@%%n%&eﬁ%ﬁ@%l}{ %%Pe are at

least t@06 oksily sb@ded of Hebey SR Fn expvieisatans. Shefirsttibe Cmeﬂﬁhﬁﬁch
of these coke precursors therein can cause OT
fractionghaf|1y sqparatest Gem A poinks BRCHR WhiCh e Bgn ;Sék?aw% frgm the effluent

streamet‘r&ﬁ'tﬂé &3Blcoh0&Sioh e grlsou r"?‘é‘?@? fﬁi%h’c CYCE)lh%Il Kﬁ‘ §& Cycﬁ step. The

east two possi b eavy O
second saueanis a sttmendf C4solefis-rizh @feano thet lsrseparatedffrm thedlquichhlydrocarbon

i s separated from vaporousfractlon whi urn i,
fractig Py BEP i Gt CHE S ERPIE FAARPAT G T Lesppsordaiod widh o
preferfe@RIodiRbht Sdt §8ast @rﬂ&lﬂﬁn BF bii@éboRh b thesy C%p Qieﬁﬁgidhrb@feams is

separation step. e second source is a Second CA4+

chargegll te thehoptionhl sslectimerhydragen tscagmprirstapau ofdes o satectivikypodvert these

f his OIP ef
coke YRR RRc LS ARRe HEERYL 3! Bkl e M eam 50
wt-% Bf 8fyeida® oRMBQEd eariltto HEARYdratreinlistsp il ndste peéferably 70 to

bot h of these + olefin-rich streans is charged to

95 wi-/her etq ofrfaly sgeh gesamy Singy dedglenc eanctlsmbgpressng g frace amounts in
the Cgsﬂgﬁﬁ-nicﬁ sﬁ'gzln? décoVSJe ﬁ?m‘ﬁg Ef]ili &ﬁﬁgnt%%ﬁg gﬁ%g‘ ﬁlresdu‘élpﬁmctlon

e correspon rre racti

OTP danalywh %rgmteaéoﬂveﬁfbthy&&em pﬁipg:fena,rwpdir&av yf alye€y Bleﬁﬁ&}dhl feaction
streamto_ this h dro step and nore preferably
recoverest o reRyClan kP ARSI ﬁ%ogadéwd%qtﬁeéfm stey prder to recycling to the

i CHM AR Bf b Strédin 1180 high,
OT? G FEHfiEr Aty ‘?’“e‘?m B e AP R Sy o nie
the prefemredipnaatick is tonclergaa lehstd0 wirfre tndomore preferably 70 to 95 wi-% 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 -
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OTP catal yst can interconvert ethylene to propylene, a
portion of any C2 olefin-rich fraction recovered for
WO 2@yo8@3Tan be charged to this optional hydr oRCEHHS1006002366

step prior to recycling to the OIP conversion step. If

the amount of acetylene in this C2 olefin recycle

streamis too high, the preferred practice is to

: 7

o Gl 58Sl oo ApATRORREE) R0/ k0 S8 iy
unsatutdted hydtoctb@ntiote costeapnd[n@A3&insThke oqjalwstnapr&f@h‘rdyUmaMamed in

hydr ogen treat t .St ol ve nta at | eas
e B T B RIS ek S Bt shape
with aSph&RAPorYHnIICH @E’agy@ birigpréferred. These part1cles preferably have a

net al - cont'ai ni nghydr ogenati on catal yst at sel ective

dlamehydfbgelﬁmm(ﬁm/ﬂ)@ﬁbt%ﬁfect|ve to convert any

0051} St OSRB  5 LR R A PAFRAE Bl gt

from coMditiohs Raswiehibezdfeti AstoaohieteRighB dirghtutméEhpedearbons to the
particles which can be in any suitable shape with a

corresgcpmg Qlafinyywhids Miniayziag pr @maetl%wwﬁr@v@og@wtw%@ﬂ?@

corres%ﬁ%l}r%éﬁﬁ? E%?eft?cf l?}mtrgcag&)\ﬁ[ Egjg%e%;lﬁ téﬁ)'i eaﬁ& r@:u Lo, t%%p%e of 30° to

250°Ch;y1d{ bee ratitont 756 Iﬁrdli(Pﬁlns ptiskure €101 kP4 toi 403 I\/H’atwitﬁnlt is sufficient

are selected fro d|t|o
to malmafre%%lwé Pheseagf et ﬂyspa% wtgt(ﬁ%sa@@?ﬁgg.sg@ﬁswnh best
results #hfek}gd S YBSRUIGI 18S0Qkef i ns while m nimzing or

I'm nating any over-hydrogenation to the
[0038]c or rkbsporadnhof Hydkdgenshingeditoetilishymitoadsizpns sﬁlfﬁmsntstb@povide 0.8

t t t t f 3 250
to 10 et TPeERphYt 3 5 B0 SERES S5 T nlile Pl T Hial
hydroébr&’ils & 5%' tiebetd SASIEAst b ‘lfobﬁiUn JfehdRYdRé g’énrbaﬁ ble ldﬂidbl@ed in or

hase and a liquid hourly space velocity of 1
admlxcdw@b the olefinjcontairéng fepd sttgans tosibisi tspeds 1bg eLadévl idependently to

e hfioéSlios doner S peyprenCor SRRl e R0, BG9G8/ o

contalmge’gedgwe@lfnerably 1to 2.5 noles, of hydrogen per m)l e
hi ghl y unsaturated hydr ocar hons charged thereto.
[00391 eaéﬁhe&yém@n%wn&ﬁtaﬂwéu dB8s eptippbhyfirelentipggicpirap be any of

the kn@?ﬁ"sé(lggu‘)@' }I}Jar réggat?cl drf Tr #lig g@ﬁﬁ@&?ﬂ x% Z)?éférraﬂlytah' S

or It epen
combrhmmrmfraaatammally effective arrmmntmif emetabhydro gmtaang Uompqn’[ent with a

elationship to.the heavy ol efincontai.nin
suitablg i AR bl Gt A ORISR S PR FiRg Gempgpent (i

an att Ham%h ib@RAte W IOL AR 1 In ShBBNniGR & %‘MloQIE of Q@ stantially

sel ective hydrogenation catalysts for this
eliminatepiny datdioganaiiod side rpactides tiat groducomtiillysaiusatedhydiocarbon such as

th catal yti cal g ect ve anount of a netal
C CORGHP é‘é‘ﬁ aﬁ%n% M with a suitable porous carrier

[0040]7at @He@hetal' Hydﬁ%éﬁatﬁ%%‘mp%ﬁe@l@ tefferais] %@Febt\éﬁ m the §roup of

enhanci ng conponent (i.e. an attenua can be a

nickelt pallafiaing plainysy andmixtiresibaieef, sriflf nickd ﬂ?ﬁmg@rrfp@@de Tde amount
used i él%ietr & \?itﬁlh}/etn? ﬂ%@iﬁgg E%Ig Xanog%g g{s't %QE% qgns Q. 1 to 5 wt-%

uce a satur rocar
metal SotBporRat ¢diculgiod be srpanehngith an afnbtuil‘ dﬂ(ﬂlﬂ@% WO% being preferred. At
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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[0040] The netal hydrogenating conponent is preferably
sel ected fromthe group of nickel, palladium platinum
wa@pa7osessur es thereof, with nickel being prefePeBUS20061@2366
anount used is preferably sufficient to provide a
hydr ogenati on catal yst that contains 0.01 to 5 w-%
nmet al conponent cal cul ated on the netal with an anount
of 0.05 to 2 w-%being preferred. At least a
[004151 gniThie®ptibng @tténmnomfsompomnhmlhbe kql@ut@b@mmtthmgoup consisting of
nponent i s_pref, erabl i nt ai
coppRy AU CHe SR S gy BRrSeE evongt of b glegtor
com cﬁi%ﬁt ARG Yo fhe gﬁ?&@gkﬁﬁloﬁ%ﬁgﬁéﬂ&iﬂ@éheﬁmm%dfﬁ@m fo @s)duce 0.01 to 2
corresponding netal lic "oxide and/or sulfide, wth
wt—‘nganbof ezaldutad;ec[ @0he et ewish e emarntalituiatli Gh t&ﬁ?ﬁ@ﬂé{rﬁﬂ’lﬂg best

sy s copir et B I HahEr B 8RRt pdona
atterﬂiQt%r B6mRpGHenPHill HRiclly 88 uaihe mdalip saenin exast, heh gﬂhum or

hydr ogenati on catal yst will generally be su%l cient to
iridiym deiussd bestogsults ae ofitaingd whems substagtial pogtierioldhe gitgnuator component

unt of 0.01 to 1 w-%generally
1smﬂp{ﬁl}?8%g§eoxrlée1 When copper, silver or gold is
[0048] i | iEARGoréds daﬁ@éirtmaen?al st thigthiydio gpm*tianmata«bjfst Wil generally have a
optional attenuator co

surtieeiaEga 030 50 81§ FORIHAGE URERE ST S PR iR SEE clavs and
sﬂwﬁ't%se ElCRl%ﬁ{(% tﬁ?%%yh ofie Al ﬁgﬁ%@ﬁd"ﬁhﬁﬁaﬁ‘y Sétstid) khdéh may or may not

ttenuator conponent i's maintained in
be ahﬂ@remedﬂﬁar statysle, 4tBPUghs dlap choraclay, dikornascowsrasih filler’s earth,

B ASEGHELBE  Pano B0GH OB, B
d10xf1(ﬂ=1| L RN e Rx8dd, Bhdmidsh okidel 1%kl bade, @@had1ﬁha>}x£deamﬂnum oxide,

I'cates including those synt etically, pregared and
hafniath oxale) gm@omdc,nm@eﬂwqu ?hgi}a,(ﬂﬂlqm’c}lulﬁgta sidcapiagnesia, chromia-
t.reat ed,

tt
g Ay ba g ey 4P ) BtBof atfongfilk 8 Kol such o

chaﬂébzﬁs%l s, s@dhCas;zind) alii@fnags raEesiuio B@aﬁnﬂe aalciien abhminate, etc.;
as al um na, titaniumdioxide, zirconiumdio

and GheombiUR IR aAlS T Ohe 05 e ORIATREBFONREO LRl eferted porous

catagygfsl tlérrl]ls?eﬁ% gl}e h};@ﬁ;é}!ﬂc io a(%%!teﬁfst afd I%ﬁ‘ %f ‘ﬁor AR I'lg&de@, , with best results

obtkydaikinad aloinies maletial. i na- bor i a, SI I | ca- 2| rconi a, etc.
3) carbon and carbon-rjich Hater uch Charcoa%llm ota- and
[0048)] s pPitable alumanp matesipls arefhe FRYS E}e 8% § gamma-,

thetg #@lﬂ@t\ﬁth gﬂuﬁh UoP - Hﬂnﬁﬁ‘at Svinglfest re@Md. B)addition, in some

ation nmateri a ffomone or nore of these
em‘tg)ﬂﬂhleﬂﬁs, tHdﬁumrmfaamerdannma} nmycantiyminor papogiwsiod aligll and/or

hydr ogenat.i on e ref ofr. I

S e R R

zircORh Shh@esial Q4 BbwSktr! BB b%f&*éﬂ’ﬂaﬁdydﬁ’é ﬁbbt&hﬁal@l’lﬁlré Bﬁnma— or eta-
crystafline alum nas known as

alurtinet Brefelrmmca‘alysw halve g ApRRarend ou @nélf%ﬁf Q}é t@ﬂ@ i g"‘if pdsprface area
cha{flgfe%%%qss SH,gl‘ll g}a?gﬂl talxg{%,g% B%Eesd(i)z{i@et&nfg 96860 %%%sﬁgﬁs atbé’ Bbfd&olume is

ain m nor propor

0.1 Kab/k aAd eleirfabdaata ¥€108a6 500 m%xgd &5 gamne] drestielts anebbtained with a
known refractory |norgan|c oxi d s such_ as silica

gmmna—amma carrigfgieral wigh is s e O Gf spheeal peyicles having a

diaSdLA Y Blo fOSm]?ﬁf gﬁtaﬁ']ggrélﬂlbluﬁ{ RERy 808G 09" g/&d, @bt NdiEme of 0.4 mU/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
-16 -
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Preferred catal ysts have an apparent bul k density of
0.3 to 0.9 g/cc and surface area characteristics such
W0 bar/08d88 aver age pore dianmeter is 20 to 300 aPQEUSING (02366
the pore volume is 0.1 to 1 cc/g and the surface area
is 100 to 500 nk/g. In general, best results are
obtained wth a gamma-alum na carrier material which
is used in the formof spherical particles having a
carripr miptariaf angt then adding thermetalliczppareent andithe opéinsiltatemfator component
. : O C re.volume of 0.4 nmM/g, and a .
by ifhprehich haflrfroy BigRE JGeiiBRs ot miropRiasbort dher sequentially

or siyudtangrRRBt [MpregdtRinitedhnidis Bt SieRAlsed i¥u®RRMcuum, evaporative, DIP
techni que known to those skilled in the catalyst _
and GeraBinAtens o thase techpigues: df @kind ori ‘ewrnshelld impreghation technique may
; ' ' ' t hen addi
b R TP RS AL LR E0A Sl S lhefg 8% porous
supmotrbeestliing impyegeged bt sprayedchossussppott Wil tHeade dried at a

I ngr edi ent, 0, the porous_support either
tempBRE RIS o S Bl i i 2 e esare of 250° to 750°C for

£68 B GRS RN, i | i i
Dy o Fore . e B 0 BP R Btod oy optigpal reduction
step Aypieatiynwitlofre¢ bydregersiial tethipémipregf2ioP 6n75@°Chior d e 1 oryurs.

used.in order to concentrate the actjve conponent

00438, oK Rigtly BielSHsal ol Thy Pefrvae BOFBUA s ippuieol meydng bed
techh€18gy nl HOOTPRORERAbE Shefin SREAHAANARE IS scTbR el

the%* be dried at a teﬁgeri ature of 50 t o ZOQgﬁg%gmeﬂmcess for
propyigsE eEAdugtion (The meeiof mowing bad teghnelngie et cassicat MIKD ptagess is known

andi%%ﬂgﬁnfh?fjs% perigQd of 5 to 100 hours. The resulting
catal ys

can then be subjected to an opti onal
[0046f duVboing e pedclipn 2tlck Yabé Sorifigafedin drR@er 8f ways including
., tenper aft ure of 250 to 7500C for 1 to 10 hours. [0045]
mtrofueiiopHtyhe,patalystimesticiesde ap appir seefionmfdbe R Pirpacsinnizone ihet are fed
. on | :
by e 501 0 R EAIGLOON 1o 3 SR SHALR it e
feedgireanesithef ora gruppyrtwerst pr adicotrémdirediion toke eftalyEthé\gment.

bed technal ogy i.,n a cl assical M rocess i s_known and
Pref?rgglghtg%geq%ﬁtr% §9_.“L’557 ’cqlgg[(:arcwg] 5 ﬁaﬁ@t Hew, t!hgtalé,t qh@ gxygenate
feed #LUARSIs Ao dRCeCRRS & W&?ohﬁm&bf Wg&f&fzo‘ﬁ@ﬁﬁd it ¥Eom an

i ntroduction of the catalyst particles to an upper
uppes pertioprhaseofi Mbis@referred curifigurationean hatvidersabstantid wdvantages in OTP

T TR NN R

catal9btidning it iBitRO WaE& oTHRd QI eRlonGANGURE BAYIng if6:@6 td 1B tAd more
the catal yst novenent. Preferably, the feedstream’t| ow

active gatabyisistdaring theswbseqyenttages phihg sonvdrsion whiva thei drjvingéorce is lower.

yg . IS dntroduced into a.l.ower
10047 I35 3y0 AL HE AP ol it X a1 S, defined by
conceififie catplyst ietiinih g e¢reads, thhtiugs el the deae OOl k&He, FheRth the catalyst
vi de substanti al advantages in OTP conversion

.can pr
Pam?lé%\"ég‘feg Aewp degushetheranylusand sre spihdavemberinlowensestioe af the OTP
ok ' ' 0 [ LN ti-al .
sl b O R0 Ol AL AL AR e aion
zonehing s, passed avnose theecinnums ahahisinsa ditsctiog traherefsdbs apLRlyst flow.

Thi st ages of the convlersi on when the dri vi ng force is
1S Fat’[oﬁ‘d’&‘?]pr‘?&)ﬁii"e O eRRIS %‘OP Rerogsthe ggac pyy ggne, hence good flow

distriba#idd.cl es are introduced into an annul us, defined by

[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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concentric catalyst retaining screens, that runs

t hrough the reaction zone, wherein the catal yst
w@aooriogdses travel down through the annul us andP@r/ES2006/002366

wi thdrawn froma | ower section of the OTP reaction

zone. The feedstreamis introduced either to the upper

or |l ower section of the reaction zone and is passed

o 55 B B AT A s o
movin@We® ERH 6&1&%nd6ﬂﬁe mvéﬂsbnrsm partioz ofhe cblestbantgpea ds thus

flow distribution. [0048] During the OTP conversion
withdrgya fromnther QY reaauw%ﬁaé EREFUTRISE IR P AFECTTARon 7gRAJ8 remove at

leastla ogt?o%hocf t&@garﬂ&alcg&s‘iﬁﬁt%Msﬁ'lhaaﬁxédtbeﬁ%l’xﬁ)%dﬂﬁé‘iﬂ Wt OTP conversion
t hrough t

e reaction zone e carbonaceous deposit
step, hind @r-stedanhpartivhef ﬁfeﬁx@desmvﬂk Texistopped whea theiodyeersodn drops to an

actiye site yst whi cht hereby effects the
unac%‘iﬂt@\rﬂ? legel at“ﬁéﬁ%der?eﬂa a?wgwsw%ﬁe #d™ne” sel ectivity
[004%?_ PPREtaBRiEthe BhtbbRgtebitEmARMAINY ré?&ﬂreﬁﬂ%‘ijﬂféﬁﬁialﬁft bﬂl BRidative

conversion step a portion of the coked catalyst is
regendratonwhdreinamthermoying hed @mbodimgnt the ﬂatzb’ﬁfewlalﬁhl is withdrawn from the

nerat eneration .zon
OTP e St it o DR U R g B8 fube TR iRy kdagure anc
concBRAdh 18 Bllow thd deRiréd Fn6@\E R dafbohh&ddus htuterdils totheeamnbved by
portion of the process w |l be stopped when the

comigustio fromothe aat@bgt o therfingd e epbadiment. ap OKygaRCRining gas stream
is ch&%@ &/ &1% dre I[eg %{eeﬂ Sﬂeﬂdﬁl’ ganE 3) ulfa{r%fa PLu)/d %&ﬁzerswn it

onaceous rm er fe cat
can ixdeSRdlily & subgantalBt remiovetierdeposited cmfbenmmusnglatmdl e. g to less than
enbodi nent the cg%al yst vvh| IS wthdr avvnﬂ{romt

1 Wichpug BER BielqrbIY se SAR kP Wi I%HOIB'E‘E%SE?]“&% V&PW@ﬁﬂlSd%gﬂly
partlﬁlw ﬁ%&}%ﬁtegﬁg éa'teﬁ%s@ nd n%t RRELHM Hof FORCONfRL béi"ﬁoﬁa@eous

esire unt of the carbonaceous materials
matetial. Pecferbiyy thet rbgemmtmiwltalym wiH oomteind) ©a20awty%i and|morepeeferably

oy G T T R O T3 B AP e

whet fh@atﬁi@f}I 1afgel BhcdaBbySdf ﬁf%n@&@ﬁ@ﬁﬁteﬁﬁl (ife. 65XR) B present on the
desirable to substantially renove the deposited

catalystrtha nagusatigs thaatleﬂ-%l cartwngceous matesigbon Rrreatalyet. 1o aig the carbon

o B B0 e G950 B R o

concettRIoNf ox Pecdh. Preferablg Ty 6xfoen tdbdnttoan 86 ryguldledthréuph the use of
carbonaceous material. Preferably, the regenerate

inertczgses) oy he TRFYIling ¥ flae gasmatepials ip Ninipl spdnidalxyeen Lyplin the gases
whlcfh %magt 11‘18 c%x?oﬂ\gcec(ﬁ%atteﬂ d&x%pa%hé ‘é&aﬁ@&r&%"?foe? Y31.-%. By using small

erred n no tances when
conoéﬁﬂraidnv ef yxj’@ng@ 1mimbrettb atasomblyfontai thervddation of carbonaceous

mat eri al gye),gée resent on, r?g)f taI st thzil
matqnglsdlp@gtﬂéq@?ﬁ satalyst fitboyt B‘é’ﬁ@c@‘&ﬁ?w @g gm attq:?é 0 occur,
therébﬁt;fi‘é\)éﬁﬁn hR @Hﬁﬁi& t?fifﬂfb‘tli@‘r&aﬁ? d9eashg Whd Holecular

xgen co a|n|ng sstre A whi ch cont ai ng &
sieve edtalystVEdrypdratreas ornedduniegt negwnecﬁmon)syg\éd bepn tfearngs of 40a2to 700°C

en.cont ent e ted thr the se of
wit i IERS OBl & R0 PG A3t e PedietrioR Rehd b FagPing
embﬂﬁh{éh%ﬂ‘ché‘@T'Pon‘hk/é&lmoﬁ)éVe@%‘ pfe@ét@ély icBnfi fied aSL£moMHg®Rd zone similar
contact the carbonaceous naterial -contai ning catal yst

to thefmaying ed cpnfighration uwy in shegTB megetion.
[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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concentrations of oxygen, it is possible to reasonably
control the oxidation of carbonaceous materials upon

wao be7Qdd3cat al yst wi t hout al |l ow ng excessi vel yPei/gk2006/002366
tenperatures to occur, thereby preventing the
possibility of permanently hydrothermally damagi ng the
mol ecul ar sieve catal yst. Tenperatures used during

neration should be in the range of 400 to 700C
Ca’fa{MF tﬁf%@?t the 18a¢ipiss b%reaptﬁweﬁh%mm@rtg@mess Sdgtion wherein the

catafﬁﬁg RE&H ﬂBR’I St L BHI f pr > g.%fl befha nt: %%ir \g{gﬂtg%prgpﬁgg concentric

Conversi o y con
cata}ystmetagrnhg screamseAHitiniet agactoss dpveateonthribe tedge to the reactor flowing in
n the, OTP reaction. [0050]

it
cour PO B AR O o P Ui af R isLRElgt- Ao spe reactors
operbfRQvib{ SRRy ediaERE] QPab N 'ﬁ%lfh g oﬁ{'aletH%O@%atalyst anmulus

reaction zones, reactors 1, , are s
courderevzgnt ¢ ﬂmrrgwemmbaf 1ﬂ)et:htaliys1t ﬂfam«zissplaixt the eetithieportion from which the

SRR RS R A TR AN —
matdrﬁﬁ%rﬂﬁﬁorﬂfcﬁnﬁf&% Hybo¥i8linbSAld 16E PO% o“i%ﬁfa'l}%f‘td’\ﬁﬁrf%rﬂ the reaction
the catalyst is shown flow ng through an annulus whic

zones 4s Fhovim by dadigd Wineh The seiepist isshown atbeing irenspatted Yp e transport

medfuﬁr%1 gr'hfeyhpg plfegérgtﬁg Ea.éu{ﬁﬁi{og ére a?t}%rto élg%?]t{ﬁg{ 1atﬁ$ Idﬁ‘ﬁenr%s t’ﬁl@ preferred
catalyst tﬁtnspms hiegiubroistshand@rae g lsﬁlﬂ;taﬁlhﬁl@;ﬁﬁédﬁfze 2 /& reaction zone.

10053 g et dratbermatly  abi1id ) Ty Ay ali Beadidesces 1 ot i
selecﬁ&f ﬁ!)ﬁﬁstﬁe Al lfhl’é{ftloﬁ%%iﬁfsctﬁgfpﬁglt&g a%&lggt%lgg)s}f&’?&%ﬁe\%ed ngg

catal yst parti Into t o fro

phospherueniddilett alemimmanatiis cbmranmg labile Mpmmmoﬁﬂﬁﬂvﬁmm anions
ter| internedi ate rraterlals and

th ow. of feed
Pfevwrg‘aﬁércql’&@efi feipanggenys g s SIHaP T REPRTpcSed in
US 43@29'3}’ Vdndti®uainstdfin Qg%)ltléf'ﬁaf £k thia %ﬁ%@ﬁ%‘%‘!’édl%@t@? oP¥.5 to 5 mm

dotted |ines. The catal yst 1's sho
withtardagragior efeldo by heing espspmily prafairednThh itathl amomlt of thia®TY catalyst

an t ert diluents.
““ﬂiiéggréﬁgﬂP% %?%1¥§%°?$gﬁgﬁﬁ?%ﬂﬁ%ﬁwgﬂﬁis st eam due
[0052}3 | {TheSBfenot eadtidd DBEIEBasdd dnlRIGH, %%He%ﬁ%@f&n%@ﬁﬁtlons in the
[0051] The hydrothernally stabilized P cat al

indivigual réagiers 3 cpadigipey which ephanga theayield of prapyicng b[th@rtdmgr the
temp Hﬁhe fd eéé‘leﬁtﬁ'f a@r@%satjhg Eﬁcﬁwﬁ&ﬂ?e c?or%g) 3 nDI LH‘]EU lﬁg{) r(fs S)(reless thereby

persed 1 nh a phosphor us-mo
avmdmgmahllﬁu mghé wbld Wﬁ@émrd&tmd{md%hﬁﬂﬂtmm@ﬁ hfdfignizing coke

grew 0 g@scr ed. It is manufactured using the
formatign OIHFL"J]G t Wt ch%Pérraéeé idly assthe tepperatuye Hprs in ghe tail-end of
the réétchbﬁ E@ﬂe &3 18 ﬂ%eoéi%ﬂge r{aﬂ{rgbgﬁlg: a?é tfo:"p‘f‘éﬁ%&e conversion

di aneter of er 0
reactlpmsng especial |y preferred The t ot aI amount of this

005e S bR s SRS oo PRas G e O 12 PRag2 e
blocledFBuittd sPARRHMt Brod0e Iﬂét@ﬁaltﬂ‘@btﬁﬁea &3S al gxﬁ&df LY A0 SSitarly,

the individual reactors at conditions er?hance
watex ¢iduepi escyicle thrpugiphinesia, B8 anvb? Yisredodkihe offemg énsi¢adram outside source

or il Pl SR8 1 e ¥ AP
interdom@edtionl witls lifid .t Al arbuPVVR S g €rlaly feBlRre@mMlows via line § to the
si mul t aneously m nim zi ng coke

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
-19 -
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formati on on the catal yst which accelerates rapidly as
the tenperature rises in the tail-end of the reaction
wWQ00e/08li889 t 0 t he exot herm c nature of the oxygRCEHUS2006002366
propyl ene conversion reactions. [0053] During startup
of the process, hydrocarbon recycle lines 14, 32, 2 1
and 22 are bl ocked off until sufficient product
. t i s, obtai ned for itia f re
ditoenipitf ish g Eb0ef TP T e PURH BirgRTRES ndkheasipg means
(not slﬁﬂﬁi) 29 of®r B Ppbask BbkeRNthd BlBadd %Pox@&’et a?bl%.@%@%aﬁlefo?feactor 1

her water Or steamis injected into |ine
that em@ardse neattosit@ieimperatureef HH0° to4 7€ andtatotad pressire oﬁlw tol343 kPa.

sucfb 878 ff el AR A o RSP O spce
Veloci@p (WIS V)as®. st | @ﬁmg; dtatip with tHereb QVaWIHS Wailk Bl 106 level of 1

steamis adm xed in order to r0VI de an oxygenate to
to 10 i’ jogemtecyeleiob heavy @lefinic hysirgear w mategal gomiyaenses.(T1s: efflyept stream
from rga&oxqtefs Qﬂene@ﬂﬁcﬁ?\ghlg a lgtg(ee% g{l] d?&@$ & Sz%)% d%’%&%%ot&? V\FFS ep to reduce

its tentplenturp as 8 vhlne ologéitoathp Itdmpdrﬁtl& cff&l&dcl&tﬁgb tefrédcti@rit vik@aé or more
in order tq

h h
cooling ﬁ%@ﬁ? 96 sien wdhe ?ﬁ%@nﬁgg Sedt tsﬁf}wgt?@%?a@eﬁgn EfAgiege s charged to
reactof’ﬁ L 8AMe Pind cﬁfé@ tag% n LofktB@kd @1%3&\34 %nl?)?nﬁﬁ %tf a@]yal %%ctlon

enper ature of to 475C an ess re o}
catalysttmo SarektRelditionblf anpivats of Ok amtcahytstial to pmm&mtwmlnproductlon of

e ors. 1, 2, an 0. pr.ovi de a \\i ght Space
an efIREGSHBER pm el ot Sithlitry e e 1D A ety SRR from
reactot D& @biRWy é@r%ﬁﬁﬂé théais r(‘ﬂottsﬁo@nj t%\éeclsmﬁéraﬂur& Qlogé)tonhe inlet
once recycl e ol'ef m ¢ hydrocarbon nmateri al
tempeta@rrmmégtor Trad Eﬁﬂsﬁdjélﬁtllng tlﬂe@tmreacm 3rwhere diris sulijectedhtorcontact

ra d .0 an ropri.ate
with aff LR, of PRy k8 Ehobth SaRPRS SRt n further
conveBlodsf uhﬁeabi&d ok pFeated Prcpyldnetahe V@ﬁka{sgﬁhércbyﬁﬁa@ﬁdﬂs' Abpropriate
via one or nore cooling nmeans not shown, and the
measures g takenyindthe desazok the glﬁw pethshetivesngragiersdiand 2ianddetween 2 and

3to mﬁﬂﬁfz@jﬁl sgﬁrel'cﬁ) §364%hese rgeicﬁ%rg hﬁ@toﬁ%ré?ﬂe 9&?&?&&9&' differentials
cont act an appropriate qua
withindbiese féacnturs whichca¢ appretintately the\same aaddatt teXmmhcahnméetcsor 1 thereby

. of ox materi.al to pro Wi roducti on of
minimizing fqURg ek (g EHaRH lflrrsamrgae%ﬁ %mﬁam? egreRiaf HyteamAr 1
[0054]V1 @ T '&?ﬂ\i'egt sticafh bl rbfRdr ik rtl?ﬁ%'ﬂ/lftﬂﬁﬁ'avﬁ %?acﬁ&rl 12anidSubjected to an

cool ed by appropriate neans (not shown) t
apprommoang sepclesigeedto lighefyi aﬂubstammi”pmoanmfdh@ watee acntgined

or 3 where it

10
thereingyif00e PEED e obe meb S hief b e i eSS Tok g and
passeddy %' thiedphhdeOfRpiaton| Aont 5UmdeHicle @ Aglidot8B8n Wilo PhaRSH Fdrmed along
in further conversion of unreacted oxygenate to
with a biquishiydrecaghea phass ads wetRephasy contgdingtrainoppewps phany unreacted
oxygelgﬁ?ﬁmllleﬁ{e %'%r }ZJS%‘T él?ge% tog1 2 délﬁmge Q g a%tg? mgélﬁtpggsgfﬁ dl §erﬁ%tn I3 that the

actmtyrbmhmdnel fhesccRalgdt @pmatitHe& ﬁdaﬁsleatre@mh@m}s stadfichcle
de terrperature differentials within these
condltwéaetlw@emﬁéha Sheamagypt ok mraaced ox igenala et ispaptrgiinto zone 5 will

be mm%?ﬁgle TheBe&dn 'chJel?sﬁ&% gcfah(l:egvg? L&ﬁéﬁgﬁlg‘bgsﬂgg 'OEjte 5 ag%&%e f;%g% through

he cat a
reacto@d , Rrand 8ag t:)q:recfbd t¢ BOIAYo of lyecatdr fdutiag thesdntieacycle. om
withdrawn via_line 11 _an ubj ect ed

reagtor 3 is
[0055]; g’ﬁ}e aqueous p ase om separator 5 is withdrawn via hneq3, 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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appropriate cooling step designed to liquefy a

substanti al anmount of the water contained therein via
Wor@7/08688Dr e cool i ng means such as a feed/ ef f | BPENUS2006/002366

exchanger (not shown) and passed to a three-phase

separator, zone 5, in which a hydrocarbon vapor phase

is formed along 5 with a |liquid hydrocarbon phase and

a wat er phase contai ni ng_m nor anounts of agy )
and &, Addiftomalusriibaesftvatericar be eddades reactnrs 2 aad 8 dor @oligg pawoses and
. . i [ 155 ot :
for SRR P B e Y AL 2 b e 2 s
13 ande@rindlic Gise efacibr Al Oncestilaeiit-roéycly/s lititigred did dtans provisions for

. . expected that the anount of unreacted oxygenate that

mjectiqn %é%ﬁ’@ﬂt Wﬂ?barfé?%@l@t?/d' |1 be minimal. The overall

0056)0NY Refirfifg 8 SUpaMes SAHE b PBARaPRS ia line 12
100 %xygenat e %ee“ﬂépt ’ﬁdr oughl i %}%rrg)ggsi ors 1, Sgg%lgh’glﬂlldgawn via line

and cengdutee thetchatye t@ fastmmagoreadlemn duwlhioly acth es & dedthanizey ahéis operated

to R 7 b R AR Gy B o SRR o i oo gfgthine

and séMe nfetRd@hd tacshfOafEoLiceB IR WDoBhehaciRd wWiliéh essentially
resul ti ng net water stream’is recycled via line 13

compirigesothe @i xpomtien eff theymatesiabshangado eolugerd wtwithvsay theréfomm via line

0 i.nes 13and, 8. Additignal gquantiti of. wat er can ,. .
15. Alrok {iEEn (S ARG PO VoY PSRN0 bl oho S i Bl Bl 6 Fpime 18:m
orderft® boed tbuflliuP b £6 f biiEC3 BhiasimEn theodthyleRcteandls IdUgaThjis "d@% stream
13 and 28 in the case of reactor 2 and lines 13 and 2
may heingfEicientte coptrpmethaie iildap dnthis ¢thilee resysle laopiand under those

 initiat ar Al NS ; _
O 0 YRS LS A e
necess@yan atder tdrehivere nagticane ffiloas thid greamcto thepahtwhere the methane

withdrgwn via line 12 and constitutes the charge to _.
TeCOVETYAS SEBIEAT BHPTEwT A e gethang gerqraptes indhig ethylene
e - . . .
ey SUOOKS) Bl B CHRLN G SIS USSRy s o
step wlmcdh ssomd podtayedth e the ditachad drasvingnocdudihg dwatsy lof n demAthanizer

coun S R g bt SR ol i mttan
separ¥fitg YAE AN ThO SO 8t QNG Rag stR@ml kel bHAD1 SHAIEBEN kS 15 vol-% of the
W thdrawn from over head stream 14 produced in columm 6

overhgpdstreapeflagingrihiougl ine &4 seshmors tybigallyiwpll edmmrisenidtod® vol-% of

. raffins in.the.ethylene recvcle | opp. is_dr

el e R S S

rich redycldt@artin Wb er@ance eyl the hitehe@ARAWIHNE Gia 1in9 $£ and 8. It is within the
ci rcunstances an additional optional treatment of this

scopecfifly miseent irpienBoR rmpaertion teaethylsneracl seexply sirpars flgaiing i line 14

betw BT B PR O Bl Bl T sRHEy L RSt B A

convessign whien ¢t entied haoent oftideethylshée stfeannistchiugeé tdiehenel via lines 14
regycl e | oop. y, sui t.abl e neans for, nmet hani zi{

and 8ol Mieschseaihoired fo1ble TRUE T wpAY O ﬁw@?rﬁq_ calalesh 2Lk trough the

three Rkt fQBﬁJs.aﬁletﬁe béke?@fér@&ée%ﬁé}%dcogf%ﬂ%ﬁ gzggéﬁ&siheﬂ sit&h flowing in

. _use of a denethanizer col'um, sorption
line 14 onsignificans; 1 anwitkinlteescope ofbaipresmet imvengiondmdivetthagleast a portion

of iGN SRR AR AR vy PR SR e S e
hydro@¥@dftidad ik betiehd Mt td SR PLAL The rﬂ@suitﬁlrgawélr&géhﬂxeated C olefin-

~typically will conprise 1 to 10 vol-%o ' _
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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this stream The remai nder of the overhead streamis
then charged to reactor 1 as an ethyl enerich recycle

W@ Reoeasassn accordance with the attached draw nRCTUS2006/002366
lines 14 and 8. It is within the scope of the present
I nvention to apportion the ethylene-rich recycle
streamflowing in line 14 between the three reactor

zones, but we find superior resul.ts _as asur.ed.b
[0057k+ hyFherhotiophiesess o sl @%}?ﬂﬁ%thaﬁaj@rmatsﬁgk%‘éed to colurnn
6 then:ﬂr'l]a(}y%\%g Eﬁg@ :l E zd?g%ﬂﬁpm 888h® WRAEIAhis M trehin® ﬁ%b}ébted to

y ‘exposed to the maxi nurh anount of
fracticmatioh adiditiemtdebigaed mproduct lapnepyti¢neatigfhovertesad lstream which is the

. reactor zones..|ln the case.wher cetyl ene content
principplredict F GO PERTSEH SR POAPLY IR PP ftp L anoul ofby-
produst {#8pdreGAMErialk I THeD oW idath TRons €GOS istalTasiytRaRf C4T olefin-

invention to divert at least a portion of this stream

rich by-produst viatesiat which priotesilgeomprises Sis Cs gnd Slelpfirigmaterial along with

ur poses_,of | ective hvdr ' i ;
very RSP BT e BofE htEnd Y GRRTCS hinhich BydroBhEbG &t By major
portiodl T i bbkdin saeas iprefetdaypaeed vialinen7 bessleadtive hgdrogen treatment
the OTP reaction zone in adm xture wth the. heav

zone ¥) which coieyns|agiesdrbed pf 9 hydiogrragion satghyst ePRISTED A0S Wt-%
nickePdn & ?%?)Bg Blg#&nzg%/ﬁphbﬁgé hgéro g%ri-ilicg gﬁjea?n {sido@afRd fo Bl

Feac and 10 in t e case
hydro@tatieaciate 3. {iHGbaB1 Taecdmdihosnfitiestzhpdiogemte praynde B9 to 5 moles

or OB LB o B SRS e B D s e
rich ng‘alrﬁ Sﬁné g&[@ﬁ%ﬂ gt sBLdh 8eltBch dtdciRGhizBRaE0 YhAROHickd1WStaining

esl roduce a propyl ene-rich overhead stream .
hydroghnationicstal yseatpelenty playdrgenaiier canditmmetEctiviedo gprvsifubstantially

i_.nvention and i ¢gh cgntains .mnor.a n of.
al o R B PGl RSP P ST St B Form LSRG g o he
correpRhHB olefinS The Epdciic GnfiRRENBEd Fkzohe QD @idlittd: allet temperatures of 75°
Pby- product material which primarily conprises C4,

G .
to 15Qf6H a@resswrionil 01 i¥Ba tr 405 MER dchis selected {p mpméin a sehstangially liquid
of but.ane e s r .
srearf S BiadB€ A8 g7 Ve Lo S0 T ERUEFNER: srgm witharawm from
zone $0 ¥RAMeI 3 ip esenablly frpastay higkly lunseturhiedthydsehdons sl thus this
hydr ogen treatnment zqne 30 whi ch cogt ins.a f '6'@9 begg
recyclsfstrgamnhag sichdess pRteaipldpaaceleriipgics %g)r@%an oY 5% fgachpn zones
1 2aﬁ§gkel on a porous alum na support. A hydrogen-rich
>TUStr

eamis also charged to the hydrotreatnent zone 30
[0058]i a Theeesdltihg selattivebnbpirogensrdataddd nolefiy-dich genyclegtream is then

. rovide, 0.9 tqQq 5 |l es of hydroge er e of . highly .
with mmrlglee’»z ) AR B R A s 5 e e et s taken
in an HBiAIEA 158 13t fRBHIPY U6 998NYSHl a1 tEntkd1®Rildup of
contacted in zone 30 wwth the nickel -containin

paraffiyid mogenteds incthisd@y a0 lyn regycls ddape The renprjertes g& ﬂm‘gﬂnmaterial flowing

conditions effective.to convert substantially all of
P e e e T L
withdedn & liENtoire¥ids hydager eatdleC £ 0616 R eintGo otatdrs2 and 3 via
The specific condition used in zone 30 include: inlet

lines 2 & apd 22t These rasycly iinesas melbasptherp presunblacked onggrregysie eryrations

405 MPa whj ch . | d ' ' ' ..
o e L B N5, R i
for redPcibbf the. ethifiéncafidh seai eliicle Aowwilirbagtaliwe 14 mio wacter Bthe preferred

aline 32 i bstantially free of i ghl, .
proviging avi iy geRet @a? reaslB Of tedndragendrepion C4r olefih xith sream lowing

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
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recycl e stream has nmuch | ess potential for

accel erating coke formation in OIP reaction zones 1, 2
wW@nw78868p9D058] The resulting sel ectively hydr oRPEnUS2006/002366

treated C4+ olefin-rich recycle streamis then

wi thdrawn via line 32 and passed to the intersection

wth [ine 19 where a drag streamis taken in an anount

of 1 to 15 vol -% and referabl%ltosvool-%in or der .
portiens bepassed to rartomhanst 3 pad prefably RBIRP) 50176 o4 therotal emeunt of this

i £ S ORI ST b STt i s
portidnstof 0 o P el W iseing ditnultineeud§ cidrgediorepaotsi2ems 3avie lines 32, 21

w thdrawn in order o provi drogen treated 4 1
and9ofpé¥fiaﬂ°¥%§€‘ilXlﬂlg’eﬁég*@agtg&?g?g?%ﬁaac’gm ‘a lines 2 1 and
[005932- DRES B BGRY FeS el sHeEmaBoWRlg! th@%gR1iNE 53,38%nd 32 are up and

nbl ocked once reécycle operations Commence in order to
runnihgchén thatsertuh enadetod the iptantisvengion ¢s erminatedrmpd thenfull recycle mode

coptrast to the oyi si on _f.or, recycl f e .

of opgfigh ErvbmeRess i B8 PN RIE Sk Batred fifd tmetiopegiatyst

locatéERGERNors 1t DandB ShRALERAg ROOVALS a9 Bx Ydechhte cBERP6bn E&alykEbut also as
recycle of the hydrogen treated C4+ olefin-rich stream

an ol¢firpintaneprviarstungtatdlysieliBosepeence ofipvanthanithy Billgeeysdminpde is such that
3 [t.i.ons .and char t rt ' .

v Qe AR RRSERE i 7 SORBEL TR Ik RBEEL gt ooy

streafBOVHiEIOR rivh if@BSkae tvin liealot i therepadsded inay the inteeesionavith line 13
passed to reactors 2 _and 3 and preferably 60

- ! to 80. .
wherg  Water oF step@ dilyent is addndrip therpreseribed yaapwfe And Yhéé?%‘gfué@dmmmre
. | i . t . i i
s R0 L HRRUEN ST B34 bR s Rbiconi] okl
selectively hydrotreatsd ¢4¢ hdefyicmpterinkiaatdedsto Frcam thehaige td reae®r 1. This

32,.2 1 and.9 for reactor 2 and .viallin(ﬁ‘&)EZ 21, éZ .
charggpixie flgws intq geagtor 3 0 pAREEFT FEQUENJesgrbed aftg spitplie heating to
theaﬁﬁr&&f'i’dféirﬁétct%ﬁ&aﬁl?é.wgh lines 13, 14 and 32 are up and

running, then the startup node of the instant ]
[0060]nv e Atfieo passage thravigh atastbr dresid tthereliyutraversing tededwd dualffunction

oper at.i.on. co nces with the bed f rothernmal Ly . .
cata 3 B DR AT L P omropedeti BY e GoRCr i felpiging soreens
previdusly dédefibed fhRedultiy dTeudiRlis WithdraRs fORY BRBRE € via line 9 and flows to
conversion catal yst but also as an olefin

the injtersention withy lines 38 @ad 21 ydereim e addiionah asangity afaelatiyelyrpool water
. h L)oo, | 1S S . . - I .
e gL RS B PSHA fyelyiho vy
hydré@ebatodaty valefin-dich rdcytlersaean which is asseiiiadine 4. Aifiehsiitable
ethylene via line 14 and then passed into_the _.

additiongloolng foirhigverhy inld terpeipifesschlofiabpve hegewilfing mixture is then
chargiféh Ly F‘é&Eto&r 5 vLHGH if Rl lp%és%é&&ir&%gl @é@@&gﬁ s bb@6F dual-function
esult S to the

I'ng adm xture I's then pas I ntersection
catalyst td produ ami dfffuéritisere8R thelh ésrveitiadrawsml thetréfiomalviadirentt(l and asfis shown

in thSrgted g ieRsed Fahgs a1 ipda bl STHHELY iy gpGavate dituen

whicH R4 tferftb QY1 d Y Parl@ACIRItiohal QuaRtARBNRAatRERoBLSISttively
descri bed after suitable heating to the apgr opri ate

hydrétrdated G£hqlefimtich matrpd 8bjchAlaves thenstoseig dine R2 eudthe resulting mixture

is cofiEEFY Pigags R roedt 4 (b hEheH £t oo Biifiove spesifidnle
temp@tib fr réfReS AR thaiedoRy tirHehGeAREN fd dhcb@itéd a4 diditional quantity

screens
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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previously described the resulting effluent is
wi thdrawmn fromreactor 1 via line 9 and flows to the

WO ni0e0sesss i on with [ines 28 and 2 1 wherei n anPCT/US2006/002366
addi tional quantity of relatively cool water dil uent
is adm xed therewith along with an additional quantity
of the relatively cool selectively hydrotreated C4+
olefmrich recycle streamwhich is passed via line 21.

[006¥]t er Theamatitef agdiothcnmally siabilizethduab-fiaehion ¢atalybeutilizeé in reactors
mxture is

1 2o e A AP S Eittio A NBORulmtzn Spunih LAl s Sasepresent in
readid¥s QU€A 3an SRS Wnﬁﬁé‘h‘;% & thedidpt afbdltof HQ&ttﬂVQﬁbrﬂﬁﬁ?\kfﬂ%ccur in

to produce an effluent streamthat s wthdrawn
reacterelr wherotie ¢atalyst flewd ® readorad vinding 26 wnd nmreuabter Atwhen tiedcatalyst

o PR S e P R SR L potiepee oo vi

essentifiky Q@Jaaﬂﬁo@ﬁs aflehitdll @ M thedhh@ R Wil @&1‘Viéi’drﬁ’wﬁlgﬁ s
selectively hé/@;otreated CA+ olefin-rich materi al
appigpiaately| 258 3Perlehe tajalamauntinapaciord 1tand 2rwitiuft® fngP vol-% of the

cata S%(Béiflgpféerﬁ%ﬂei:agtog! means not shown in the attached

i nabove specified inlet tenperature

[0062r rReatars 132 aundl3 tlecinitfallpeharpbd with fhe @&E&tﬁémfallty%tablhzed dual-
r .an. additional quantity of dual-functio

encount e
fundlign.eptp bt vipnes BEFPPVAH &E@&a@teﬂ&ﬁa%pg dhat coriset with Sags 24, 25 and
26. ‘]\ﬂheﬁ*ﬂhé:@TP h?c'ésﬁ@ RtaPed g%ﬁﬁgg?ﬁfcﬁlaﬁgﬂ i OBk h! gﬁ\@@the reactors are

hr ough | 11 to thre e separating zone
11116@ patat @psﬂaglngi eyulitidns dC@iﬁE)@ﬂdlrcﬁmﬁesém;wm thé reactors V1a catalyst lines 25

aﬂd% herrral I tabl [ | gﬁgl -funct.ion cataly
ef& AT VI?L 192%, {4 regengration Zong @taeégsg?fgortlon of the
cok& &posis ar@\lrérﬂ&kéﬁrfrdrﬁ‘ H&%ok@-’@@h‘tﬁfn%é’@'l‘? %taﬁi}lé%ha?%éﬁ tpgreto via line 27

present in reactors 2 and 3 in order to
usingladow|seyiity axidative pmcedielams Natlpmiy txpleined.|Also cln‘anged to regeneration

th t t t
B B ST oo v
oxygepachiol issuppliddeiaGhmodny sulfitiemt@o $8ppdrt confoul@bh 8VLFhajor portion of

that the best node here is to run with essentially
the ek ghargebiarthis z9ne ¥iaZd Regenertedeatalyt deregispidated to veaethr 4 via line

24, BRI s ARBNES TR b 00580 Bl 401 v s

streaya isawijistratoe fiogn poresievih ailine hovgoomn i thd 4A6Rdd FReriieor s

10063} oA AEHtiERI0F Jrettaisny iny S a1 el O oL s pemafhgtabilized OTP
h
oS By OBt s

cycle timetaf 400 pomatoa laps in @riderctolnadiniain daalysd avtvigg dx pfenete comeersion and

d t dit
prophdERE ket vt of b sCHlthuel SonBlioBaL SRS VpSlS e Byt of
hydiotheealRPst@Hz00 P @attaglsf It%!ﬁ‘ e@d’ AbeRd A GrchitVl &t Isﬁcfhethéga catalyst

In_regeneration zone ast a portion of the co
partigleporebidencgrtiong arreacsersfly dand B és najlueore trnaiOfihegrs@Efore it is returned

tozo%%%%o&e};eﬁ@gtzoq}ed thereto via line 27 using a | ow

ative procedure as previously explai ned.

[0064\] SO Rdanggdotiret HaNRAEFAhON zER Ethdrdly sHRA tﬁ@hﬁ&éﬁ@&ﬂrawmg
(ian oxygen- cont al ni ng S stream cont ai ni ng 5to
the g bydsaspgean riigse formed sm%m 708 25 helag wathdtaven wiafing éizeTius material

genekAyBHIR P e GATRHRL A £ &n %8&5&’2%&51%@4 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
-24 -



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

w0 baeg/088apl et i ng a catal yst circul ati on circui PCHESI006€002366
by lines 25, 26, 27 and 24. A flue gas streamis
wi t hdrawn fromzone 4 via a |ine not shown in the
attached drawi ng. [0063] A feature of the present

Lnvention is that the flow of hydrothermally
subéelcgﬁ-ﬁe}hiq?glahy@fcp & Which inwith¢ipwn dopmpepatator 5 via line 32 to an

additidralradtioR R G t§¥intco ] Rilefinic i
cat al yst 0o n-l str g%irlrl] CCogllc egit; :B?rr(ti’eﬁg]f {O%S%{V%%% ?egcog& Cl%soslei?rﬂc rich
oveghadd stream wiai linediSnatdadsh b pstticactfiwdiithy/candlopg eiadines 35 and 17 to zone 30

nversion.an ropyl ene sel.ectivity at or_near start
and RS PR RN Solmr ey sk restd. dperarmbinghydrogen
treabodcitrobes fidh rdcysled Dablt #EEadtliE 1€ 2kak ¥ Sha RAl!t |20h?§nd 22 in order to
around this circuit is set such that a catalyst
proyde eimegags Hradditiga cenvérsion ofbeavyoiefins td propykend. & bbiom stream

than . 400 _hqurs..befpre it is.returned to zone
frof IR 5 A0 £ B > REELY s Ul bR gebotine product
stregipar at or zone 5 there is shown in the attached
drawi ng the |iquid hydrocarbon phase fornmed in this
zone as being withdrawn via line 32. This materia
generally boils in the gasoline range and can conprise
a second C4+ olefmrich recycle stream contai ni ng
trace anmounts of unsaturated hydrocarbons and a
gasol i ne product stream of the present invention which
may require further treatnent due to the high content
of olefinic material that is present therein. A
preferred option that is shown in the attached draw ng
is tosubject the liquid hydrocarbon phase which is
W t hdrawn from separator 5 via line 32 to an
additional fractionation step in colum 33 in order to
recover a second C4+ olefinic rich overhead streamvia
line 35, at least a portion of which can flow via
lines 35 and 17 to zone 30 and therein as previously
descri bed be selectively hydrogen treated. The
resulting hydrogen treated streamis then recycled
back to reactors 1, 2 and 3 via lines 32, 2 1 and 22
in order to provide a neans for additional conversion
of heavy olefins to propylene. A bottom stream from
colum 33 is also recovered via line 34 and it
conprises the olefn-rich gasoline product
stream CLAMS: 1. A continuous process for selective
conversion of an oxygenate feed to propyl ene
conprising the steps of: a) reacting the oxygenate
feed and a diluent in an anmobunt corresponding to 0.1:1
to 5:1 noles of diluent per nole of oxygenate with
particles of a dual-function hydrothermally stabilized
catal yst, conprising a nol ecul ar sieve having the
ability to convert at |least a portion of the oxygenate
to C3 olefin and to interconvert C2 and C4 1 ol efins
to C3 olefin dispersed in a phosphorus-nodified
alum na matri x containing |abile phosphorus and/ or
al um num anions, in a reaction zone containing
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compgrs%lg

at | east one noving bed reactor wherein the reaction
zone i s operated at oxygenate conversion conditions

W@ eloeosaa t 0 convert the oxygenate to propyl eneCHOS2086/002366

a catalyst circulation rate through the reaction zone
selected to result in a catal yst onstreamcycle tine
of 400 hours or less to produce an effluent stream

CLASQ8! @i ning nejor anounts of a C3 olefin product and a

wat er by-product and | esser amounts of a C2 ol efin,
CA+ olefins, Cto C4 1 saturated hydrocarbons and
M JnoA ecomtinndus podcessfoe aclbatl oy gesiah of abyx yieastd Geed to propylene

Fg ate hl ghly unsaturated hydrocarbons and
rocarbons; b) passing the effluent stream

t Q) are%@tﬁ&?é Bk 'oQ?g&n%efeéH‘Qidt DELRh NGRSt @cﬂ‘gesgondmg to 0.1:1 to
separating the effluent streaminto a vaporo
f r acPilonoles Qf]dlimn@rmhczié phpxymengtt suithfrasiidlésoof a dual-function

g 2;;@3@?@%@%@63%\9 d XY, a%g;g?cgglg?igjgﬁ %’rp&ﬁtﬁgﬁleve having the ability

cont @ dﬂinﬂ&t Beeydt @ﬁ)oﬁlcﬁlfdmﬁe oﬂ%@ﬂé‘t@ fo @%blérfﬁte@lq to interconvert Co
hydr ocar pns and m nor anmount’s of 'y unsat urat edn

hy dr ke poalefiante G olefinidispasad UC@PManm&queﬁqxbalumgla matrix

f gl fraction reco i n
ot ept el iPoords ol 307, BERHGHn gpne containing
t he dilbaseote mseﬁglbbé Eictor whereh€iharadctiog zbﬂi’&s‘é@@ﬁfé@lua‘% oxygenate
fraction into a C2 olefin-rich fraction, a

ol ef AW F@WW&@%@S salerded torconvert thefoxyaenatsse propylene and at a
ol ef i I S
o %dgalg%tg Ic{rllléﬁ%% fnat?%hﬁcg) ! tﬁ&%/ %&tﬁogz %]% % &2 & £ rﬁzgﬁ)[{ il £Chtalyst on-

f r acstieam ayrcld timé hﬁ460 hatrs 64essab pidduce b Bfﬁdeﬁﬁétte@ﬁl dbhtalmng
in a mxture of .t %rfractlonsto step a);

wi t HUAARGUS RES ¥ THRguci gad A PR Yoo dugt am;/éqsser amounts of
partd chefefin! QLT" blR€ink qglffo' OfF é@tﬁ@ted )ﬂil%@&ﬂb}fﬁé dhd minor amounts of
regenefating the wit awn’ cat al yst “particles in

r egefipastedorxyzennte, dyeprodict prygegates, dtighdp mnaturated hydrocarbons and

rege at al yst particles to the reaction zone. 2.
The %glﬁ}l? g%qcf {?%rgess as defined in claim1 wherein
t b mxyige el Flhdt FREMANPA scPhraibAROIY AR thekin %ﬁg Qhd ?eparatmg

m xture thereof. 3. The continuous process as defined
in chapffiyent sream il wiperqusdracthiemtislsin Cpateinas water fraction

Zeo'dotn{azmﬁg_ %121%(%' 6(%# ?X%}ﬁte%ﬂ bY: gg@l %@@%%%gsl ?%ﬁ#acf it 3

wherlgidrocattenAemtioh bmtﬁihi@mtlaﬁér Slefie hb@Gerdsafifritde hy'dh@carbons
corre%pondl ng to ZSM5 or to ZSM 1 1 and wherein the

EL AFS W@%ﬂ?%‘%m%%‘%hlﬁ/émaatmm hygrasarbens prd/arematic hydrocarbons;
s ti,AQUOU
S S5 AR ARER By Ao B S5 0
phosqmmidelairﬂmﬁthipentioml afthendiluent vded t}IIaSman alumnumto
horus om c rafio. of 11to? %andasurface_
%{: Jappsgus; ?ﬁzlo,ndnto a C 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 Cs 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
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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6. The continuous process as defined in clains 1 or 5
wherei n the phosphorusnodified alumna matrix is
WO oromesksby gel | ati on of an al um num chl ori de hpCr/oS06/002366
cont ai ni ng phosphorus having an alum numto chloride
anion weight ratio of 0.7:1 to 1.5:1. 7. The
conti nuous process as defined in claim®6 wherein the
nol ecul ar sieve is dispersed in the hydrosol prior to
t he. g&h¢ etritimmoss @pcess as défened Gm tiaitn  wsheapsio ¢lﬁ@xy@8nate is methanol or

3 wherein the reaction zone
dlmgtglpd ﬁ'feﬁgb]g{éaloégﬂlxhﬁ? é’g '%96vi ng bed reactors wherein
t hes. NDNé Bshti@Bud RB6ds0 b dHRISRBRRAL £8r b WiRr fﬁeg;latayé?%ntains a
conflﬂuratlon with respect to the oxygenate

zeoljiq o é%lﬂé@PVﬁt@dtQii@nﬁlrﬁéﬁﬁmmﬂecuMaieyst particles that
B T T N

has hysi@eerdofBsgondigito ZSHEH % & ZSM-11 SAERh& in the ELAPISMolecular

arated into a second C4 1 olefmrich fraction and a
siev é%%%gg Ognyguielhaying e styatugmeprigponsing ttSARQSY. a

porst i Ph &fntfnﬁ@us(}% ﬁée's$ as &f{ﬁh(taﬁllﬂjglg rﬁ%]I > c?r 3(:2 ?Ql‘lFlglf b? Bﬁospﬂorus-

fraction Fich
modgfied afumnhe matcamds Gbalhmdheh tophdsplibriis aohii©mtierofiln ® 5.3:1 and a

m xture, of t fyactions are recycled to step a).
surfacs. M%%flégﬁ?ggérg@%i/ﬁrocess as defined in claim9

whel ety éﬁnﬁhﬁ@t%tpr@cegéjﬁ él e@fln Elg&dsf 1641§-§ \gﬁéx%mnnt_he phosphorus-

olefin-rich fraction or e secon
modffiegcaliminagnateix rig fotrmpcéby)gehlahma@f fn abmiioua chboride ayg@dolt @ntaining

d t [
phodbyifis BEk i G PR dg shiSPHE Brven et i B g art.
comt artY dushtiN6lsQa60as Adbmald & Ngin @twh%%n? Hel ﬁ{@leculﬁr sieve is

hydr ogenation conditions effective to convert
dlsP@Fﬁ@(btndhﬁh%roﬁﬂth@Cm”bgﬁ@ll&tt@ntsh?@ cor respondi ng ol efl ns

It gggfﬁ%’ae (%)(IB‘IIFI{RK;O{% o‘? gsk left f {r} ﬂsor qu@%ﬁe{;eem%e reaction zone
conthiyiel aiolesist ﬂireﬂnﬁ)t/fn%&mi Iréact‘d?ﬁﬁvﬁ@ﬁélﬂ e iR g@Bed reactors are connected in a
serial flow configuration with respect to the oxygenate feed and with respect to the stream of
catalyst particles that passes therethrough.

9. The continuous process as defined in claims 1, 2 or 3 wherein the liquid
hydrocarbon fraction separated in step b) is further separated into a second Cy4™ olefin-rich
fraction and a naphtha product fraction and wherein at least a portion of the olefins contained
in the Cy olefin-rich fraction, or in the first C4™ olefin-rich fraction, or in the second Cy4™
olefin-rich fraction or in a mixture of these fractions are recycled to step a).

10.  The continuous process as defined in claim 9 wherein at least a portion of the first
Cq+ 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

hydrotreated stream is charged to step a).
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