10

15

20

25

30

CONVERSI ON OF OXYGENATE TO PROPYLENE W TH SELECTI VE

HYDROGEN TREATMENT OF HEAVY OLEFI N RECYCLE STREAM
WEBAOCKEREND OF THE | NVENTI ON [ 0001] The pr esenpCT/US2005/030075

invention relates to an inproved catal yti c oxygenate

to propylene (OTP) process that uses a conbination of

dual -function catal yst technol ogy and sel ective

Streans to hod SoBruERSER R RRAERI YTy Canc
propyl epR GreY EENEWDH REREEITIVE HYBROGEN THE LYUIERT

| evel s during the entire onstreamcycle tine, thereby
shar ply i npr oviQigHEAS %03 AN Rdi(élSSZLErtﬂ"RLEAIVH achi eved

by the catalyst over its life cycle relative to that

catal yet in a ndy <V RD GETHERTERIONS: ' Goes
not enploy the selective hydrotreating step. The

[00p1 [es eThe ippssent inventionaelgtts Zesn infiabvdd plyexygenate to propylene
(Oifsl ect|V|t achi evabl e over dual functi on OTP cata

SFREFES TABYIFS PrsORIEIakPR O wﬁwqtfgn.cﬁatyéawh@l@gy amd selective
hydégtgégglhg | gﬁf?fl%ﬂ dﬁb%QL \éf htre le ‘&e?tﬁ%ﬁ); I'é(%mgab&gg@e(yc?eo&?alytle
activity arnd propylede Isglleemptymeamr t(Dthb Istyt't dfeyple lately dmingrthé bgtire on-
pr ese ce of . st ea ich te atures are neede

e bot h
srdBiy G5 (TP ot TS CBFOHIE (pe SRR PO UgRy § Shachicved by the
catdl§d %%‘1* 1?5t 1ife 'Ey@l% eBali R ATRGLERIMIE Rithkies 6r‘és‘1ﬂ1ﬂa1j fRBfunction
caused by this excessive coke deposition) an
catzlpst oga heavyrolefmtecy ok ey yere that doessnod; emmlcazsthel seledibie hydrotreating

tyl e t t
st I BESPRLALIOS TioR0Rat A wabyiEs e by GBI RS et dual-
funt@GYOTP cafalyRe i stedeCiaiohn g e atrhepa@attﬁtgwh%ﬁvys&teﬁﬁ tdoybie¥node is
in an OTP catal ytic process operating w

very seiisitivgrie deastivaemby gctkeatfmommprquy It}/lde(ﬂh@rmaé dyaiummatlon

L pRta—

are e MBH intthe DT regitioafstdphad Iﬂeﬁmont edthipstregatelRion step to
streamis used to mnimze and control detrinental

conpsraate| &y dhg thtwﬁYé?SStcﬁtéseé@éllfhlﬁ Greessive cabprlepasitipykand recognition
oA ARGl & R RO, BB Aty s

hydpoaachonk lamr:ombeﬂtraﬁd 1n(1hleﬂllediVymiéih[ teahcle stdehnt.hAictordingly the
nt,use in roduction of  nunerous inpporta

b
progy] Se%%gq%ﬂtﬂtzs et 9T, .Cg oyRiRgesY ARHNS WBith géﬁ@lrt%tqwtalyst and
in }fﬁ%ﬁ{)@fgﬂl iy @E%&J&ecag'b'é%oﬁ@wougl Mhtﬁﬁe%?@ﬂ n gf o?'?&n levels if

“hs Tncl ude et ene; propylene an
selactive hyﬂrogeﬁaaomtleathmt teo]mgnlmughhe beayy otafm mym sttdaﬁrus used to

. petrol umf SS uantiti sof
mirRize S SOME Ao R e ot SRdRe FooB T Gtelyst system.
[0002jef i A\ fBjoe 'j)bﬂ o of Y/ WAV RIS g@ﬁ@ch@ﬁﬁéa‘l ﬁi&u@tﬂl ¥ concemed with the
attract i ve alternate source because they can

proguahion of 8 ghtr dedin materisl scraidyheiysibsedient usa tie thequedlmon ofhumerous
rt of .ma

img PR Bl nftion ip b diat TRttt pikd Rion apd the like
wellRhbwe Sﬁélﬂ'chl&’@@cﬁlonghﬁgﬂtrdlﬁlnsQﬁélu&?&hﬂ@ﬂ@ Pt&Flene and mixtures

thereof. The art has long sought a source other than petroleum for the massive quantities of

raw materials that are needed to supply the demand for these light olefin materials.
Oxygenates are particularly attractive alternate source because they can be produced from

such widely available materials as coal and natural gas. The art of making methanol and other
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essentially two major techniques that are di scussed

for conversion of nethanol to light olefins (MOQ. The
WO 2008033089 t hese MIO processes i s represented iPCT/US2005/030075

US- A- 4, 387, 263. US- A-4,587,373 discloses the need to

operate at a substantial pressure to nmake the

commerci al equi pnent of reasonable size and the

di j f ' f .th h | f to the, DVE
oxs Rt e BB B ARt el SRubie 16 vget FEpgbevealed
essehfialPitd Rhjok BR Bhat 26 dik0aRsd R Qoftktsibl 8f ReB1aRSINo light olefins
products produced by ZSM5 type of catal yst s%/gégms
-8PBVeE

MTQ}. dhe first of thepe MK pragesseniszepresanted indledot.38

Us o A% 145 el v Speinl e R b e 87
coniniréRQquasitlenor foas@ebld digedrdythé divelsihad A i@PEOHP Aakitinol feed

nol ecul ar sieve (SAPO, with a strong preference for

to tgApiEzabsoyption Zpnerteedoyynsizsithascrubbingesiiee to ol efin
0 | e . .

00T TSGR0 BB L kbR et b
ZSMitype ob@itdljr/]ﬂglysiérﬁé latar. pride hﬁ@lﬂ?’ﬁ ﬁd]ﬁzeté)!lilﬁ_e &ioi@c#ule@'ﬁ@ve catalytic

pr.ocess technal o gssesses the capability o
matgpply UsrySi008 1) B--bioer2r Uireat L Arb Lol i ediselpes et
b R EH A ROEA0) ARSI REIE LU AU ARILE cctr i
(SAREY, With g ssongprecfeaencOTer $AROME. ogy t hat woul d provi de

0B T35ty BaBB S L el o2 o
olef(ﬁ:fgﬁgf?&{rﬁ} 3B6RAALNG ﬁﬁfp&iehe Blolg RHRCRIRDuE RigheCb AR ¥RtMs. Although

verting et hano 0 propylfene (MIP) and/or .
the classical OTiGYpIONESs tiechpology Ipessesses tHeicapatylityf sbiftiegithieanagor olefin

prof BRSNS ki B bl e BRI Rk ot condiions
maihta@Wdah fReAARAZoME, e s8ARA6hg sughhgh gwgsmb&)gge@ai would
and a serial flow arrangenment with respect to the

proafle betten tyicldst oftprenyfl¢neselatize ta e clapscal RELQ éashnelogyact or .

t hagpgl . ' ' ) i .
003 P28 FSSRE B AT B BB e
conPér€if € GfethanpY 0 eopyeehet I TIEnERT CofektirgtDRMA Rapropylene utilizing three
Conference in March of 20Q3 at Paris, France) as .
reagiers cpRfainectiErdcheds obnpentauliirpp bra: 7.SNI-§ fyna) expecpaissonversion
cataf S‘EJ & e ParaRPabR M#‘Héﬂt%ﬁﬁ%@&t folthe b)'g?eeggtg O A 2 %rial flow
econes necessary. e conventi onal pr ure
arrapgemen svithasseot toathe efflueyts d dmyfirdstreactowdmal the second reactor.
peratian_ by .increasing the, ayerage reacto
Rotﬁ%%é ehalydeaiibe i MTE GRS Pﬁ?i?%owéﬂ%ﬁlﬁ é\l%Mﬂ%@l o
Pro%;]ler% @?gff ProB&s” @ﬂ‘g@eﬁ fedtth eheOY BE PREEcHRAL A T onkBOREin March of
e probl'em addressed by the present 1nvention Is then
2008 at Baxih, Fyancé) s haviagpnexpegeddn-staanppirtion af thewinoeels agdsof 500 to

R o S b SO b HE A e
corrgﬂteﬁ}»arﬂéssfﬁr LRty Aeey iRl RS oA |b? iﬂcfrl%sﬁ{é e BYQApEeactor

her than propyl éne to conpensate for | ower pr otptg ene
tempetatiee fodialg conversien in the targeted range of greater than 94% of the oxygenate

charge.
[0006] The problem addressed by the present invention is then to modify this OTP
process of the prior art which uses heavy olefin recycle to enhance its average propylene

selectivity over its on-stream cycle time and thereby diminish the requirement for recycle of
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recogni zed that propylene selectivity is a function
not only of reaction conditions but also of average

W@ o0e/083yel deposited on the OTP conversi on car@l/ys1005/030075
during the on-stream portion of the process cycle and
that a major source of coke precursors is the heavy
olefin recycle streamsince it contains detrinental

olofBpayds Bisp bFE oy BREC PO MBI ff Fiep i ectviy. 1t

recsdp@ieatied prdgylend %@Déb’uﬁ%ﬁ% la Fulctior GoLomlfBf BRction conditions but also of
significantly enhanced if the anount of detrinental

average bokralewdl Wsperdisd onithe OAP ¢orvspion patalyst diykg-the pre-siremn portion of

e GRS el 8 Do B TR 0 B D SRRl

stre@ih sirRa st contadgy ddt@fﬁelﬁﬁl drheuniteefhigldl aﬁmnurﬁ’&dmﬂﬁ)csﬁbbﬁﬁ Mhus,
to convert hi %l unsatur at ed hydrocar.hons, 11.1 as
avernige REPYERG seleeiviiydniae (Niuproesss 9arrated with beas @lafimapeyche can be
e | ef
mgréﬁ:&&lﬁﬁ aeﬂ?%r{cg@ gf&gg htlrﬁglérgrog g?tgm?e%ggl? gbfl@gﬁaf:‘egﬁ@&e%%ﬁts laid down on the
duahﬁdjmbm eﬁhllyetn*turmg EEI}IB @nﬂb&am;pmﬁyg eﬁﬁt@rmwwcm wroatmelled by
pr.opyl ene sel ecti vi.t q;ﬁ ed o ?r t he

selegfivicRukogspdreatmen ot g e o outim oLt heesy s INGPeXS)e fiepam to
conjv@t’t’ Bichly &ébﬁﬁat&yﬁﬁfrb&&ﬁﬂs}’ such a%ﬁn@@é&ﬂdade@?émd lflydrocarbons

sel ectlve hydrogen treatnent of the heavy ol efi™n
contaiegldheresi tp dlanedrespasitng ¢lbfim cohpowns,r thgreby elmpyiaeng coke

preciagis. Bl cHafSiF g REnE ien el S REgPROOPQ fod opylene

selefchﬁtﬂog& ﬂlﬁﬁ&hneﬁfovépﬁl@ PHRRESdclebaPbr dthEschBhIR} ytaltt ~of-cycle levels.
duri'ng the latter portion of ‘the on-streamc

QUWKIF lt'IVHE fo @plp@o@mdmn p‘pat;mnyo%tbp J_aga\{y\,(deﬁn
he nvention is o
reeile Dl AL oo SNl e S REy 4 i ot witt be
impRéwedthye 2BYE . 8@k nidie, rBlatit¢ tothe ﬁflb%ﬁﬁdﬁ@ﬁ th¥ Righnewesscoke
when operated with at Ieast one eavy ol efin recycle

depgsitiemen the catabysh duiige Gisjlatter powionst the anmpregmecycire
econoni cs of the OTP pr ocess hy cont rolling coke
deposi tion on the NAARYPEF Nyﬁ N O Mmaintain
oxygenat e converS|on an propy ene sel'ectivity at
hi gher | evels. Another object of the present invention
[000F t o Tav prichaseolectivded thd pratendimveritidnhie talp@ivide ol ution to the

problgn d3yamery sleckinb st Bubnh e pguRir 578 Ak B Bior e Hred bed
oTP B%&Ww&ﬂ%ﬂ&a&éd‘%tﬁ Yeeaithas H@évy%éﬁg&c%lg siPéh. 0N SdRdEdary
catal yst I|ife. nore general objective conbi nes

objentive i mumpm@ﬂb@mnommtqm OtP pmceSselasctonmﬂmgt doksp degosition on

the (g tndieR st Bl BETEbE SeAs AR aRLbroPYRRS Rpptivicy at
high®3&RE. A&Q@e%]obj dot SMBle ?fs@aﬁllﬂ%ﬁhoﬁ ReroiaRyiANEV @8 desctidBtion of the
OTP process for the selective conversion of an

duabfyngtieva OF T eagady st @tlhzqs*rle gﬁlws EHS progdsk 9 mgnmm the sevetityoef the
nec R st R AR PSR b B ont

catddedt fligs. NA MEe geddral Wb @hv@ s&abintaddlactist Aydrogén ’@e’atﬂnent of at least a

| evel s, thereby enhancing the average cycle yield of
porfipmpln e olefin recycle stream in such an OTP process with moving bed technology

that minimizes attrition losses.
[0008]  In one embodiment the invention is an OTP process for the selective conversion

of an oxygenate feed to a propylene utilizing dual-function catalyst technology and selective
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and m ni m zi ng oxygenate breakthrough into the product

stream In the first step the process contacts an
wougessrse feed and a diluent in an anount PCT/US2005/030075

corresponding to 0.1:1 to 5:1 noles of diluent per

nol e of oxygenate with a dual -function catal yst -

contai ning a nol ecul ar sieve capable of converting at

hyciogERPERRD th i olsti e o T alY ol feftompange near o

at eSBMiAGVRE-61-8t1S1c08)s, theleBY EHanEitlg ithe ARr4JERyERSAIE @Ppropylene
zone containing at |east one fixed bed or noving bed

and mgnistizing Wk génatesbrogdhran gl inge ﬂ@)@g@waﬁteea@b Ay éhesﬁr@hstep the process

condi tions ef e electlv onv XWoehat
con spapiRang SR ARvER S B oaRiaEhe RESITE S motes of
dilueht§et Rl SLIIEERhtd ﬁzﬁhﬁtd@lal-ﬂmbﬁﬁpwdtﬁyﬁ cofirghg h ucular sieve
streamis wthdrawn fromthe OIP reaction_ zone_and

capm@m%emg@t leasfprrdorpef the e&ygwléﬁeutﬁ PEyiene eng Hgergonverting Cp
tier d
4efql%é§% t@(%o&%‘i lslvﬁ{% ur a]% @W% r %&%ﬁf an%{ frrrllr}jﬂr?o(g;rp_reac‘ﬂ(m

zonamuﬁhﬁlg@fc laast aredixed bed ysgﬁmaing bebyeamcﬁcbulﬁth mopgenal 2 9xygenate
di enes, acetyl eni.c hydrocarbons and aromatic

COnyRF8iPn canditions cipgtiver qel?@melg COREH Prgsde togrgpylene and to convert
a

S O LA RS B RAGHA MR By f it

frora diet @1 P irengtioun zmmztndd:onmyge:mbmammm(yf zp@g; olefin product and a water

oxygenates and a rQc onfra
by-kreﬁlﬂ%ﬂﬁqisr%@mﬁ@w aha i fifj’r}i’s% P SimerC i Gk arated hydrocarbons
o o e e %ﬁ’é@%‘%ﬁ%ﬂnsﬁﬁﬂféﬁﬁéﬁ% Relenic
hydpeatbioos and arphatindydmocdrbains Thcu effluent stieemgmpses & i eepagatiop zone for

co0 ﬁ%%t?e Cl e 1p)téo : ggza}ac&%%e ﬁ%&t@p%%ﬂ [gfg,:cﬁ St egvé%er fraction containing

unrd RRYIVxHgenbieantemOpRtsct fok§#dnaRR ah& 8 B ﬁqugldtdbaiﬂi‘in%“ractlon containing
separ a lon step’is further separated in a second

heagiepelefing, ﬂﬁga\z@m@mrans@ hxdr@garbm@faamdrmmhr fipewits ofdicresGaetylenic

| ef.i d
myafocitots oo PiaRR grori By A B Roriof oR s hgign rom te
sepitiidh 6p HirecyRIed0 theoSSlgkhRE LenvRySbIOS & W’t&wd@hﬁle@ a portion of

ol efin-rich product fraction is recovered as a

the éﬂmemé npdl theyed e vaparesivachion recgyered i By separaipn sisp isgirther
sep?{a%d b ge ohdh ]Igare?uﬁ*lg e ﬁrﬁt% é@gﬁgﬁ% H&h%ﬁa%ghﬁ %t('%g’ §lefin-rich product

ogen rea Ive

frachbﬁ ahd B lgi451"tdberﬁrﬁﬁbleﬁh¢tiom cxonﬁhﬁﬂ@highlymrghﬂuyatwm&hwﬁc&ﬂ such as
onpounds contained in_this $4+ olefin-rich stream
R P hydrosadrny Toe &3 tlelin-Heh prasuel fraptionds fggovered as a
S Ve B
i EEpRAG A ea Al e aftio of (O CD BRI £kl ] Sharged to
selgotivd hytrogdn trdaiting €¢p. dhe felectivie hiydsiger anatanptstép/tlasgeely converts
. wWth a netal -containi ydr.ogenat i cat al yst, at
highlypsigied meaa%%aﬁop@%le@an i Faholdrrach st igfo the
con%%ﬂ}ﬁﬁfr% JlEE |tHer Alrbiinaf ?%0@%@9@9@%%&&% step.
erelm to the c rrespon n efin and to produce a
This edtelytic hpdrptragtirectepeantdts@d east aportion pEthis €4t piefin-richastream and
i Srec OTP_conver si on onver.t
hydk e A el cBREiTe iy heHeGr o GG SRty ShepE aton
condiRnb bffé&ﬁ/e % c&ﬁ\%ﬂ%@ﬂfr SfsaRiraRd |h§&1%cﬂ*b@ﬁ’él€dnta1ﬁmgﬂenﬁo the

second enbodi nment involves a process for the selective
coresprnding (dﬁﬁlmﬁmh’w produce a selectlvely hydrotreated C4+ olefin-rich fraction that is
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oxygenate feed to propylene as described in the first

enbodi nent wherein the dual -function catal yst contains
W@2me053769 ¢ nol ecul ar si eve having a struct ur ePCT/US2005/030075

corresponding to ZSM5 or an ELAPO nol ecul ar si eve

having a structure corresponding to SAPO- 34 or a

m xture of these materials. [0010] Another enbodi nent

C ri,se ocess for selective, conver.sign.aof an .. .
rec TR IO TP BATFE0 slsh o B S e nE e MU AR08: rifript into
addftiohslt quaniesti oTend devived pidpylene pfdtidct. eact i on zone

contains at |east 3 noving bed reactors which are
[00@Hnn e &t segonderabadimenl inyolyes aproprss 4011 the selesiye conversion of an

. (i . ;. _ : '

oxy G RHY BB & AGBREK 1\, Y BERRR b APt By funcion
catal)fs;] e@i;tiahystze?ﬁfctrhg]leaﬁgﬁ dgaxe Haa'ﬁ}g?&tﬂrx];bmwwﬂ@p@tding f04ASV1-5 or an

A highly preferred enbodi ment of the present invention
ELARGmqlecudar sieyp bawiag %SGPCW%@PM%OMT%%% npjtuge,of these
mat2fMgenate feed to propyl ene as described above in the
First enbodi ment wherein the oxygenate feed contains
[0018]t haAabther edboditent einyeriseoa peocasstbusededtive camfersibmof an

this odi nent the_instan rocess. is referred to,
oyl (ROLD BORBEPEAASER R IpYR BB Sris EbREIRCTL ippiein the OTP
readtidR éhe AorthifatERRY nERE8ny bl Ha Bk i EEAL cBindche in a serial flow or

I nstant process involves the process for selective
paralshflewsbofigwhtiemwithyesprettie okygedate degst andyih erserialsflow configuration

.d ' i f th i nbadi nent s. wher ei
with 5354ct g st B S aluR Pl Bt S kBB e 1 r
[00EgPar Nﬁiglﬁl%%&ﬁ@rréé embbdiRht &QH@?@E&Q inRhBocSBHNRE a potess for

olefin-rrch fraction and a napht ha product fraction
the sgleptiare cprvpstion opat oxyeengt facddo propilene agdescribed alfaverin die first
fraction is ar octh | ect l,ve dr.ogen .
emtEordggefn&e erelp ghg: og&ﬁzggl%%ee F‘eggl ?rztgms gk@aggﬂ%rt clfuﬁlgﬁlylether or a mixture

therBy QoM erhbRidhest the adtat pioSess €Cetdrad tb heteeas I Methanol to
conversion step to interconvert these heavier olefins
propyiens mbodymerdMBRY EF DESCRI PTI ON OF THE DRAW NG

013], +F ' [
00103 DS ERPTE BrARS MRS s o o
selesticandongelsionast antoxlygerek feed tocpropylemd asatesaribeddnanyof the previous
and products as_soljd |lines and.lines exclusively used .
emhogsirm%tw f15in B ligrdddsacpshon JictipR Fesevered it dist separation step is
furtb%r:%lg}gargtgﬁa}@o é@@c%{iﬁ%ﬂ?—r@ﬁ@awaﬂ S0, DORHH prd@&et fraction and at

W ng terns and ions are used I'n the present
leass p @oitionaditheesuiting Cy i eldfmHtichfragiomsactianggst to (e sefective hydrogen

"portjon" of a _stream nea i ther al i quot part
treafrheit ston and Fherchiiet ety meRoee-ror ot & ebigischio the OTP
conPékion 5RA! tol ifteRindérd Bt sONeidr Blotmb intd pﬁﬂ?lé?l%. nor e

readi | y separabl e conponent therefrom "(2) An

"over head" stream neans the net overhead recovered

fromthe speciBREF PERERIPTIEN OECTHE ORAWANG porti on

to the zone for reflux or any other reason. (3) A
[00%53“ t ?I[I%e gféﬁgg“{‘s THE0Rsd ASw ARk bF PRl §RF A UMb ifnent of the

eci 20
present invention showing lines utilized for circulation of reactants and products as solid lines

ot

and lines exclusively used for circulation of catalyst particles as dotted lines.



10

15

20

25

30

obtai ned after recycle of any portion for purposes of

reheating and/or reboiling and/or after any phase
w@epanzd7son. (4) The term "light ol efins” nmeanBCT/US2005/030075

et hyl ene, propylene and m xtures thereof. (5) The

expression "OIP' process neans a process for

converting an al coholic oxygenate to propylene and in

methanol ¢ ho- PR VI RaR R BPa BRFASGORE Oyrp © ' ©

process herein. (6) The term "catal yst onstream cycle

[0014] Te" TRERNSwintetelBf BidcdHditidngBrd tked Gtha lpyesbntipetifiation with the
i S exposed to feed at conversion conditions before

follqing arcaniaes:f(1 b ‘PrEione HF pispan sieans ¢iher agakquos ppig that has the

7 .1e " \/ . H "
snf B 1o ORAEIR AR S Bl L FERAR 06r more
reaﬁw@g@riﬁlmlﬂbwﬂﬁememfrcﬁﬂn@) Ah &bvahaadn stredm eepgethetnet overhead
feed converted _during the catalyst on-str an1cygle
recqvpied .froerssheﬁa%clﬁ@f fenechiier racyiple of amaportif ihiezang farpeflux or any
othquafs&%t(ﬂ X Shotth? S¥&es nReidtnt B ¥ohbn! $RGM P0E (R GPebifRd zone
ol'efin i’'nterconversion reactions necessary to convert
obtdizzdanfidr f8éydle of edy pertibn farmppydsenet rehéting laad/oe raboflvgaanyg/or after

ol efin" mean ol efj.n haying,a nol ecyl ar wei ght .
any G R P e e B AT LB BRS P eforofens gad mixtures
therlfgfg/gsgiﬁpggxn@g&lél “hPPt PR cERTLEARS a Gl 188 8&veltllf an alcoholic

conprises one or nore oxygenates. The term
oxygenajefe patnyleriesind ip b pyederrérberabodliment widnitble alabhqlteaniygenate is

metiral i 3P Biodbnsctotef BR PN ITE BE hereio (RETP egp “catalyst on-
stre@fl dyélk Xider @fcall tHell6SAh GRLREI SatalJH Paf IS RAPSSed to feed at
feedstock preferably contains at 1east one oxygen atom

conwgysion cemlitiansdeiiare withidmveal fomithaweastipn esnerfabregeneration. (8 The

froml to 4 carbon atens. Repr ntatives.qf .suitahle
e o e e S IR TGS e RAmE YIS vt h gt fdyeatyst on
stre&rWR16 tiglehBvidkd byl kel Bl ambhgiof oRRidajleabdtEfonverted during the catalyst
formal dehyde, dinethyl ketone, acetic acid,

and
on-gtjeguufyels tinpe (BoFhe tarm rdyaddurcgionels capetiat s ER eagalyst catalyzes
[ {

o8Pl AR M A i el U ol LGy ] GAAGH 0
Cy4t lefimxip@enpienet @)d hesernatlmbyy vlefih? meamchrselbfe hawiag ¥ molecular

.converted to propyl ene and by-product hydrocarbons
weiglyereaietithap’PBHSRS ¢ noi eti es such as nethane, et hane,

et hyl ene, propane, butylene, butane and limted

amount s of @Eﬂm@(gﬂb@m@m OHTPAE IRVERAIONS by

contacting the teedstock wth a dual function OTP

catal yst at effective OIP conditions. This OTP
[00t4 nv elnsthe instané PTR procdss thesfeedsitearn cainprisksamg omriowe oxygenates. The

apount s of. hi ghl nsat yr.at.e roc h
terny G EETA s SRR O R0 BIFRBE HraRdl sTFT B8 carbony
confPoah AP Aashyds,detdiRB icaiboxPiié adidks ahdithellike) tlini:@0reb BE these
I's a useful option to maintain the selectivity of the

mateys. clhe axyganateofepdstenkaueferaii castaing atdeaspena eigenptop and 1to 10
artdn A | ?g&l IIIOQO Fe}"eréblg 'cLHt?lﬂlts flom M6 f‘]-%’aﬂl%lnyat(ﬂﬁg% ; Pesglliltgtives of
pres t on on p p e of

rmven 0’ C rol partral pressu
suitable oxygenate compounds include methanol, dimethyl ether (DME), ethanol, diethyl

ether, methylether, formaldehyde, dimethyl ketone, acetic acid, and mixtures thereof. A
preferred feedstream contains methanol or dimethylether and mixtures thereof.
[0016] Inthe OTP conversion step of the present invention, the oxygenate feed is

catalytically and selectively converted to propylene and by-product hydrocarbons containing
-6-



10

15

20

25

30

the oxygenate reactant in the OIP conversion zone and

to shift the overall reaction selectivity towards
wEe@pysrse. Suitable diluents for use in the pPEFES1005/030075

i nvention include helium argon, nitrogen, carbon

nonoxi de, carbon di oxi de, hydrogen, water, C through

C5 paraffins, aromatic hydrocarbons and m xtures of
. 1 hese terials. Preferred diluents are t.er ..
slipflfiAEReSeA s abiee cUra. A 45 ori S, bptgng and limited
amddtsesTRBEr Al dhkr @errs&eﬁmﬁﬁerdmi};hmxs by SoM@ER{g thd iedstwoliith a dual-

of diluent used wll be selected fromthe range of

ﬁm@i.ogz QTR Satslyat ateffeasivefOtR PM‘@OIEeThiﬁQTEP emvessiAgeieR aso forms
oo REF UL Bt P i e Uy B e an

acetyiepitioidreuartns pindpybraak hydrbcaginediAndihieat 9ot issolutely required but
. present_invention envision recycling of at |east ,oge

is a gpelkoRtignio FEEHn hegelgcdivey PO T pralastia @5&4%@6 light olefins,
P“@@lﬁ%ﬁﬁofé@elgﬁe-f urni sh saturated hydrocarbon diluent to

action zone wll dimnish the target dil uent
[0017] oxygdiheheispedferabiytused onihe ptdsent@iRntiendtd canrtrot pantial gressure of

S e e it Sy
towﬁfydg :pggi ! §1!ﬁta!b% ARRR H? &R ih thel ﬁi@seﬁ?ﬁ%‘tﬁtic{ﬂﬁn&ﬁﬁé‘ héahesd argon,

rbons and other inert materials that are

nitrogamy cdrboh tronoxiils, cadwatdianide hydrogp0dBir, Chéhrougly €5 piataffins,

2dj t in the .QTP ] ef ul |
oS SHrP T G FHERER 58 JeF DRGNS Py eris e pater
mefBXi) 87 8iofn 40 Rb8BHud) ahd) Brik@RA thekbst. Ahtesﬁb%ﬁall?' pr&REYd diluent is

est abl i shed an oOxygenat e conversion tenperafure range
watetf. T @mpunted@ifuers uséd will by selécted from thorange f Gh:1gp 5:1 moles of

RN TR T A —
OXYSORME 16 IaQvel MRAI fal otk PrddBeen bEptopetd AlPeabidiibas o0the present

_ propylene with the upper portion favori n? the
inventied covision redycling 9f etreasheng efeccsinipdivary elelipicapipprmpelbese recycle

Pr ef . | e [ . .
oS S PRGSO A 16 OTF S BAGH 08, P s
targeb@iluean@eo:gtertdOolerafid Ofice the © TRerpeticatzone is simiediage Where water

across each of the OIP reactors is preferably in the

is thegienithe goopet Gormterargefiinhe O H Erreionerang during startup will

din3REc} %ﬁ%&rﬁgn ?c?ﬁne taﬁlo%}{fbfjsawﬁe@ﬁfd}b% s d Vel it rrd;aterials that
eposition on e catal yst as previously experience

are Wugolet hethismeactainuoae.of the tail end of the individual

reactors was all owed.to .buil o |l evel s beyond. t hose
[0038]t o ,ﬁgp SORYETHN gq{ghtbqnéglé ﬁ}e (S'H]{’/ ERCHHZoNg 1:258@1hy chosen to favor

' I'fnd Rad
the FRANEHS SRR GORTHS SOlbRlly LRRCCARA Retl T fPhRAIRady
estdbdidlsedon watealapstonvarsgpaiampteture tenge 3 50°tth 6092 as ¢féagtive for the
i nt er - bed | i d/ dd rel ativel I .

conprsioied oBY ESRBte e ROy Bnals e ROn s taliRh The lower portion of
thisB)BE0AE SorfveRbnABRpSatk& Bandk FHRR the bitRuc@drLofyirbpy1é@with the

In"The zone. The present invention contenpl ates the )
uppes portibn favping theapraduntioned ethatensg [abtheexpense o€ propatese.diveferred inlet

reacti ons iL.ch are known to.be m| end rm,c_to
te‘ﬁ?&’f”%” E%Q’ttP%ﬁéS%%t@P PRnfE r“&ﬁ?r%“%%%ﬁégs 9 ?q)da?r?éld fore preferably
in tlﬁ@%'?f: 'gﬁqiom@rte 800%r. eftRrtaBpsratubinc RS Udr &8 eHEESS ik OTP reactors is

eas nmovi n

preferably in the range%f 10° to 80°C to minimize hydrothermal deactivation and to avoid

the acceleration of coke deposition on the catalyst as previously experienced when the
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bed reactors with interbed quench through the addition
of relatively cool recycle streans to provide

w@dwsnsosal quantities of reactants and di | ueneCT/pS®a9930075
The oxygenate to propyl ene conversion step is
effectively carried out over a wi de range of pressures
including inlet total pressures between 0.1 atm (10.1

kP, 100 at 1Q0. 1 th |
b b AP Bl DL il S5HE iy bevons
thodelc@h@hiptyd By thetResdABink&lRionONti@erdus Bidtignds kavwh ldechohh@lhng the
formatjon of |ighter olef|nsI|ke pro | ene. E 20]
temwew&mff@se i avsagiontzene prcpstrfdhem v E izeyaultiple beds of catalyst in
sepa}rg c't'd}g Wity nté%? %l_?gfoﬂﬁ% fg{dﬁ%g{ ﬁgelk "Ao0l amounts of

fve terns of a

recy(ch‘ﬁ‘éhm@,&irqddr@érﬁd)f e (5)13@61&9&6 fead @ﬁd/ar thesislubiets thay alfel utilized in the
rate of the sum of the_ mass of %ély enatg ﬁact ant s
zong,Jlheguesent N entionreoptsmpdates B usg %’fﬂs&n {08 hegsder Qlgfinyny
I
inte; ccg)gg%rlsl}ﬁg 5%6%?8%%5&32:@0%{1{6@ bgﬁféﬁcg ?g%d&fgergh@ 10 dheé]p gontrol reactor
températuraisrease torthe slpezeiﬁeﬂuam:gel Brefm“ablgltlyesmvpmt&membs airieztsln & moving

OTP conver,sij zone. Vin t he. OTP. conversi qn zone
bedpeactpss W hieged SRgrchoBrogLh e afefaftwna)fafﬂ@%jﬁy &eP T56L yeams to
pro@déa&ﬁh%pail aﬁartltle§69re%ttaff?t sARghila&gs Yl ts ordinarily

tal ne the range of 0.5 to 10 hr 1 . [0021] In
[0019%e o¥hgexpgenatedo prapyldne venconivestsp i;smf&t:’é}oely tarried out over a wide

gl gheds o e, &, dual Luncton cal glyst, A9410) LNE, 100
(10 WPa)Qﬁltﬁ [ PRARIL cbidifénd JT1ED C?,Oarﬂmemm B G0 90£kPd)%ind more

her” than propylene to propyl ene. Any known catal ytic

preﬁmbér 13¥ite %ﬁdma (h w3 hpsighteverapsthi formpation of ighteyolefins like
:]ese two reactions are suitable catalysts for the

pm@' Sent invention. The preferred dual -function

[00204t al YHE compdtainiSotheBdacaidsavitsihe daalafmétivt @edlyst s ordinarily
i ngredi ent and nore specifically the nol ecul ar sieve

megspiedrie Feletivparimsofed Wesbt élgurlsrﬁﬁaﬁr\éﬁrlew%ﬁ?\’ﬁﬁﬁ{ ) calgwlated on the
basi %tf? n¥a%£ ﬁoﬁﬁ@? ﬂg\%f ’fn% Pk o8 ugf(yf ptg‘? {rﬁgg &s x&% v%a‘?éa‘%taﬁtgnts passed to the
OTBwlmmoxefcfmq:ﬂume maam &y refuiva alyélrobzan siatdtial batseﬂ:thﬁethe

fespaIm 9 Bk o 6 A¥AFIB S Am AR HH WIS BT RIa gy unction catalyst
pres%hf’ anad hfe h%ﬂé @Smﬁ? 92?%8@%69%&%@&65 from 0.1to

oxygen (aver age Inetic di
100rtedl, mdihtd Erefetied rptgemt O toi20dbut andwith\bestageiltkordinaridy attained in

di anet er. of nn). More preferably the average
mﬁgﬁﬁ%@%gééodpgﬁeter is characterized by good adsorption

[00@% X€NPthe Qﬁggé&&etoﬁirgﬁllé& L TSR rs’teﬁffc 1@ *pf]ef@ﬂi'ad ®He a dual-function
negligi bl e sorption “of isobutane,
catqmyséehevlag the, capyblgt}mf cadmltlpg om;rgenﬁtemtormapyialﬁ( aweelbgethe capability
netic .dia nd ne gl bl e adsor
of e RO BUB DB ABTINGRT b PEPP S5 b PIBH LB ARG SHAyE Raterals
knomwf“gttﬁe b§pa@ﬂﬁ? E@édtayz&heée&% rbA¥HOnd A6 QBItARE 6/t Yor the
wei ght “of th a st” and good adsorption of the
premsmwmtmel The pmnagd@bﬁp@h@@ patallyst opelaiista wolecwlar sieve as the
ain

actlg? 1r{gﬁeé€%t§lag$ ?;gqcrj% g}%:gt *ca 1%%@88%#32&& Gas %I% tively smaﬂ pores. The

preferred small pore catalysts are defined as having pores at least a portion, preferably a major

portion, of which have an average effective diameter characterized such that the adsorption

capacity (as measured by the standard McBain-Bakr gravimetric adsorption method using given

-8-
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i nvention have pores with an average effective

di aneter of less than 5 A The average effective
waele@awsrsd of the pores of preferred catal ysts P&I/US2005/030075

determ ned by neasurenents described in D.W Breck,

ZEQOLI TE MOLECULAR SI EVES by John Wley & Sons, New

Yor k (1974) The term"effective dianeter"” denotes

adsgrbgfe meGsER o 0 £t PG of gh L Bhoe kb GRBEGt of 0346 nm)
and?ﬁgﬁgm& ﬁ&éoﬁﬁﬂ)nbif i40btai® (26 EBinéttAiah@Br &¥9). 9141%9 IM&@ preferably the

her than the actual dinensions. Preferably,
ave@gabﬁfeqtm diametes |1§/<§1awctmv@i by gnodadsonpticul afyxenen fammgqﬂon@lc

a4 ) SRR BIGHR i ki Bkt dRetS by sood

ads&@ﬁor?—@ﬂﬁ-hé)daﬁe (@bﬁg@l kﬁétl@dl@fﬁ@t%r oﬂ(ﬂmﬁh) %ﬁzﬁidghg@le adsorption of
nol ecul ar _sieves 1 n the cal cined form my

isohuggne SNeghigide aisorntien g6 a aivan adsgrhat is adsorgion O@W thgn three percent by
welghtiﬁ)?tl% c%ta????&d'gb%dead%\q&gﬁ tlgeﬁefcfscga{‘lggtﬁ )és S gﬁee }%Jréje%t {)}l; {8aht of the

adsorbhtd ®asetl od t]licowé.l@fl)t dﬂ’thdr(mta&ysa rCeriairof tlwcrmtatyidtd wseﬁll ir0the present
[0023] Zeol ites which n%y be used include chabazite - .
inveptigp havernorgsayith an ayerags glip¢tive glantqtqr 95 &$ thap B¢ The average effective

e

Breel, [ZEORITE M(ILEUULAI( SIERES byTToba &Viten& Sgns Newc Hotke(1 974) rThesterm

atio gter th n 10 and. typically .greater tha 100
“efgptiR Gpdtct; denpiesiba raalL e RO pre ieqtiar e oliptical
drtﬁls'tﬁ’e ﬁfre aﬁ&&loBQ M%Q;Qg‘aéteﬁeﬁ 2315@1%&%!:1!{1&‘3 ﬂﬂﬁﬁfaﬁ b %@so}bed rather than
One such high silica zeolite having the structure of

the Z@nal Bimenspink.i Rrefierably, tlmmmﬂemtwtmbw@e@h e swistanfiallyl wdfosm pore
bot h.th ] I di Us- A-
e 502 SRR RO TP 855 el o sves

and[B824d1itNNaRolé&Mrisidves. M0l ecul ar si eves include nol ecul ar
si eves which have the proper effective pore size and

[0023e e#bolitivanoloqulansievapinthe ealcinddlorrg maydengrsiented by thsngeneral
for@{l} anhydrous basi s, expressed by the enpirical
rmul a: (ELx AlyP )Q2where EL is an el ement sel ected

fromthe group consiMéj/pa: mﬁo?ksm‘ﬁm o@Bgnesi um zinc,
iron, cobalt, nickel manganese, chrom um and m xtures

whre Medp e cation;  hayvevatig Fomide infEy ot isthe eatign valente qod ydws a value of
2»[00109%?1.[,8)1%@1{1&%&% eﬁlyfzrt?%' on of alumnumand is at

€ fraction of phosphorous and
[0023] at Zeditsd which in@ﬂié wsedhnylude chabazite -\Alye neftired ® a8 Zeolite D,
ture of netal s esents the total anpy

cling okl ceHiOHite. FesRietiios MFls8te Z20le s el eZ%Me%tZsstl\(IﬁLa lyand
MCM 92.52éo;11 9 'Bav1 9t diﬁf@[agglgtgft %h JLTHME Hav%% élﬁ&ﬂ? Bfehih ratios

especially pre erre € preparation o
greatarthaul) drdARtisallyegredier thaut(d with hdSt vasults beHietetilat @ EllidE€) glumina

mog%atg o} gglg]f e OE) FeAP(%) Wﬁgrdﬁetéérre 49 (?ne suéhséglcq)smca zeolite having the
structure of ZSM-5 is silicalite, as the term used herein includes both the silicapolymorph
disclosed in US-A-4,061,724 and also the F-silicate disclosed in US-A-4,073,865.

[0024]  Non-zeolitic molecular sieves include molecular sieves which have the proper

effective pore size and are embraced by an empirical chemical composition, on an anhydrous

basis, expressed by the empirical formula:
(ELxALP)0;
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ZnAPO, CoAPO) ; US-A-4,793,984 (CAPO; Us-A-4,752,651
and US-A-4,3 10, 440. [0026] A preferred enbodi nent of
W b@eiossrenti on is one in which the el ement (ELRCTUS1068$030075
varies from0.005 to 0.05 nole fraction. IfEL is nore
t han one elenent, then the total concentration of al
the el ements i s between 0.005 and O. 05 mol e fraction.

speci.al | referred. enbodi nent, i s.one in which EL
whirg EE iR veifinent sBlesied b Brhs ot posmink AR cony gbapay e, iron,

cobmia infdkeC AANPReMS BFrobiturh Bﬁd hﬁb&h%ﬁ‘ thelddy &Nk ﬂié'}nélé %’ra@ﬁbh &ffEL and is at
t hose descfibed in US- A-4, 440, 871; US- A-5,
leastB005, 5,14 e moale ﬁa@mfshnmsurpraed israt ledist O[QIOZTS] thE h@le fractlon of

phoiDiTaRd s ahlee YRRy 851 b el P R Bl et rpresens

the fofd] @it of theH QA& Trnlkﬂ&rsaiﬁes%ﬁp PrtfferfidfeRibdnVe(BL) af I8dh Emagnesium
the desired OTP reactions. In one aspect, the porous

andgebaligvigasilican keingaspenisllyerrefened-al ytical |y ef fective

0030 b bGP SRR R RIS FLERSR 1508 15 L2 v

US-N-0884, WI(SEeAPU)gJ SfA-Bj4ad, 871 (Bi!R{]i)t UBSA—4ESSBIIGV (MAPO MnAPO,
mat eri al xt ures thereo

ed
ZmApPr%ﬁélAP;D)oUSpMﬁ@ﬁtﬂgééCA@% US@eMWg@S k%tldalﬂ% 4 310 440,
[002’6(]' ut Aggﬂ‘efeﬂlé Qﬁﬁbgﬁl‘eﬁﬁ bf ?’Egﬁﬁmﬁ Ia(fn Whlﬁffl th@ efelfh%nt (EL) content
rtirc . Such matrix materials are porous
variesframe 0 808 tor@y05amolkedfyachion. IFELa$ fnbcd thue oh@elhﬁient, manrt’ﬂé ®tal
t he desi conver.si on

or . ]
congiapapEal e onis ’érbe%ﬁpéz @5 > g PEmols gﬁ%lon; An especially
pref%ﬁ‘ g Eﬁbbdﬁpﬁﬁﬁé ok %M%@ﬂ%ﬁ&oﬁ gf rdTB & t0WS H50). The
| cCas, al um nas | Ca-al u nas,
SARD$ whmhrwag be asaism the insteat inventioniassanysiflthase-debaitied Sn

usQ+AGRIFRE 1S HaPrlb e 250 LM SARQ-24s misferred
[0021')(]LI m Tﬁ@?x‘éﬁa‘?ﬁﬁ@ﬁ? cdHVéltsiUhQ:‘étaE/fst ik Bﬁ?&a‘tﬁ? %cbﬁﬁ)rétéd(ﬁlto  porous solid

matrix materials, ée.g., binder and/or
partmsen wimb ‘thexpatalysh éd pravedt mrantan@untaﬁf&bty@tto ooMpUs rthea dm;red OTP
i on-zeol i tjc _and/ or.

|
reac i B Bt oh S SRR s Grbtfpeal Yectve amount of

the ﬁfo%@lmaéme dabilyisParRDSd @scord thdtlix ﬂi@feﬁalpp@fe@mﬁp lséie&% ﬁ&n the group
50% ght of the total conposition

conggiing of %éﬁ@r malgrigls dfilier mategials) mﬁm@w@ﬁh@a@%p )psqvuieoac dqsyed property
or pr(%o ftll? %Epdesﬁ@cf: % lta??st? 15t Ine{,lﬂlglc s%%ﬁ?tié and the #11'( I\;FI%SO%d

avi ng roctors conlgu 1476 0

parti%ﬁESudl’iBﬁattm ndakeglalstes prutisinmefues dnddndyoratayhait be gffective to help
structure and discl osed in US

t asi |

promgégh%iés@%éﬁﬂ conyvepgen diillar aad binderanaterialyinciudey ferxample, synthetic
fd | 98

and A S e A U5 R i . e atumives,

s111dd$na‘gnésléh3§lld£ﬁrcoﬁive silien-thbris, sikakbetylias cilicattjtadiad) siicaglumina-
enjte,structyral onf| uratlonls di sc in

thor@ %n%la?mﬂf%%]af %pha Puxtresaf fhese é‘F‘L&PZ‘g

[Oﬂlfér]asslﬁﬁatﬂk' ﬁ{a’u%rféﬁcé °B1ng h)b?ﬁlléﬂflateﬁeﬁs,' gt %@Sd@c{ i atalyst

vention is the E ar sl eves.
compatition, dhesnanatealitie mdém‘tzleohttuanoleclml'tslwe naatellysu wefermbly compnse 1%

to SRR Po AR TEL PEIeaFFIRoR SAIGHID papy et of the

tota}&,ﬁﬁ,@ﬁ@ﬁ? 243 and US- A-4,527,001. US-B-6, 455, 749
t eaches the use of
[0029]  The most preferred zeolitic dual-function catalyst for use in the OTP reaction step of

the present invention is a zeolite having the structural configuration of ZSM-5, sometimes in the
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silicoal um no phosphate catal yst (SAPO) as a

dual -function catal yst and specifically has a
wee@besnce for SAPO 34 and teaches both the uBET/U82085/030075

SAPO- 34 type of catalyst systemand a ZSM5 bound with

silicalite type of catalyst systemfor use in the

i nterconversion of C4 olefins to other olefins. [0031]

AT T IR R L —
A bERACHS tzeol@@ﬁa{vu{%ﬁé' ZSM—Ws&ﬁbt&aF&ﬁEgﬁﬂaﬁoxﬂﬁtdﬁclo@&d & Eparticularly

obtai ned wth pe of material. A particularly,
preforred dua:le’uhdﬂeamtﬁ]e’ston Ushé 4 4336%8i Bhe wssef ageolitia eatalywthaging the

mogfia iRt Rt AR EORPRAT T, Goc el t her

[009()]FJ hy $irfeeHer %ﬂsﬂllﬁﬂy gfefﬂaéd tladses dﬁﬂnﬁaﬁtﬁbﬂ@tdﬂm for use in the present
zeolitic material W th_ particles caontainjng

mvmﬁwnzleme.E%P@m@@quéar stpves. Haeseanafesjals catalyae beﬁhﬁm direcs gonversion
%Ha%ﬁ? ﬁg{iﬂﬁeﬁ av@ﬁ%ﬁ%ﬁ}tﬁ&lﬁ%ﬁ%@ gﬂnotl@éﬁﬁs% q cf%blpééﬁgro&ﬁ’ct olefin as

taug}heﬂi E]SGA-4I |67 7c143hed [ES2e4 SBEOOT dﬁSe-Br-@,dSiMﬂmeadtes ol use of
m xt ure of ZSM5 with SAPO-34 in relative amounts

siligashimigapbosphatesaityst 6% R0) 153 qupl-fincsipn Fatplyst 2nd) wedl 1551[‘;/ has a
pre%#&%é/@ &%AP@ R4Qhdk %hgg ﬁﬁ ik BP? g@%’% S ﬂ@fe o%%aﬂa@rst'sgfstem and a

especl a erred conta
ZSMLﬁr’eomfd Winlesﬂwaﬂe Eypeg)f \c.aihlyst dystedufol u$aindhe orercatvalsiat of Cy
.S ordi najféj y nmeasured in relative terns of a Wi ght
olefipy fo|afhe 9lefwiSy/e| ocity (WHSV) which is cal cul ated on

[00%%]2 b"ffe'stsregjlts%mﬂé RokL2881tte cfa{a%crﬁgt@moafre Bﬂi‘tﬁm%& WiReh SAPD-34 is

s of enate reactants passed to the
utilczed ue thei dmal ﬁmn‘eorpcajdysthBestrawlt@mtara;zeolefammatﬁelal are obtained with a

SRS 0 e s ARG B P
zeoita bathBCkRm with 8nbalzeMiteS@Rlyst @?@té}ﬁ THE V@ItV R Bmbodiment
zone. hose skilled in the art h

rec@g{tﬂ ze that the
cancusp eiber atphyelcelfmtmere péa@tlahs sontpiningtthe zeoditigmaterigl gvith particles

o A3, RN B Yol B BBVt B o e

of BQBMEIER| YbiAdstenrfoah PattitledHavnp bothua g diRhts piedeattherei In either
contact tinme. WHSV for use in the OIP conversi on zone

casg ghequpiered cvmbwat%ﬁr@eemre OR¢SNE-P SHthcMP P 2dga relatys amounts
sucgdl%aﬁﬁlg(? 94 ?{%mgns \@31'0h[0 %P{%St ghf‘e%&]@&ﬁ% s@g\’e&%r@or?oii tﬁe mixture

resu fnarily attal
w1th&ﬂ@ﬁ1e<b‘f 45 o 50wtL% Being es{p&ﬁ&]ﬂ pﬂeﬁ:nteﬁe oxygenate to
[0083] pyl ene conversion step o nt i nventiaqn i

pr elfhercpaigel time gbthg repsianty w‘@h theg natl% eatplXH iH @rdtmarily
o AR iy A SRAETEREy NI

on (Heltasis tolfiamass heyrlyefiew traie pf the)shmmf thetmyssaff dxlggenate reactants passed
o 05 b LB
fee fetaﬁp(g g{eﬁﬁéﬁ%}é KcalBRivilled Wth@ EREBE the MSPfneHon catalyst

e prefe unction catalyst contains a
presait & thed TR tawersivm zone. Huise vlallech gy thdiagrwillaewh gmizedhat the contact

. specifically t no ar SI relativ
G5 i ORGSR PropBEnedp ot GY S s el o7 PR such that as
theAWHSYV increases contact time decreases and conversely a decrease in WHSV produces an

increase in contact time. WHSYV for use in the OTP conversion zone associated with the
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havi ng pores at |east a portion, preferably a mgjor

portion, of which have an average effective dianeter
wW@b@sas17ey i zed such that the adsorption capaciBgT/82905/030075

nmeasured by the standard MBai n- Bakr gravinetric

adsor ption nethod using given adsorbate nol ecul es)

shows good adsorptlon of oxygen (average ki netic

di aneter of 0.34 L l e sorptlo
preseafieion S Futeech 0, ER LOGHLL Hifh £ befls 95 to
20 F Efgintbtsyrebiles GYphADeatRidea el theeraﬁigeacrf&r £to IOShr‘

characteri zed by good adsorption of xenon (avera e

[0033]net Ircthgioxireenste f@fPrQPYAGWrWnW&OH stgpiogiths rresens mvsmrqmt is

obut
el T A6 RSB B Y OPE AR i
propyaénd @lvbélBaﬁﬂs QsRibilp oﬁfntérsmuﬁmgmleﬁﬁgithcgItbdrepropylene to
adsorption of a _given adsor bate is orption of

propylene. i 4 thesagalitic mptefials growp to ﬂw&%@r@rwgrhwr@ﬁeﬁef to catalyze
thes%%lf? r@&ﬁgﬁ??e%@e lfle Qﬁalggiptk’cﬁtusé’ r?ﬂjl ig)'r]és?ﬁntQH{r?er oh, T(Ré }?}i@ferred dual-

tes sts use
fungtiohscanilyst outains @indleaudarpiave as Vhetdatmmmgvc&hag andafrfoempevﬂically the

di ameter of |ess than 5 A ver ffective
molgeulatiaye hos relgidvely sraall gpres,, @F% cﬁ%@a‘ﬂe ¢ gatglgsts are defined as

hav%%@f'é_%‘ é@% OE%%S%f ?Ee?/a[;ﬂ%\} % gﬁgﬁ %Bftﬁ)ﬁd%f; Vﬂg@is }é%vse%h%‘}é’rage effective

diardetekehate®tiped sush dipy theradsrpiometapatityfas méastied dy ‘thenstanderd McBain-
entiret fecti.ve

Balg grshBen i ot GRAoR T 15 E O s plgch gl RS fod adsorpion of

oxy2ReRQEtagSkifletic (ﬁlalhéﬂ@f baB46 ARy aﬁd’h&b‘ghgﬂbﬁa d@l@é@u@h OEBSHURIS (average
are characterized by the nol ecul es that can

kinetigstarheser of ) hem). tVherh prafiesably theaaveriereffentive élameter is characterized by

googﬁgécfrétﬂc?n: %)ﬁe‘é}grﬁﬁ%%%lgelfﬁqg% e dlaéfaleﬁtgrl @t £ mprgéfnd r%ghglble adsorption of
isotsudde! adtrh@st pyeferably Byndopd adsbestionrd n&iéﬁﬂ%ctamﬁ@ kinetic diameter of
Sui tabl e dual - function_ cat al ysts na¥ be chosen from

0.4Zph gndz@gﬂlgthl%adﬁ@npe@@ Pﬁﬁo@‘r’f@@é‘s}e&lﬁd’ eestFomiign pf p given adsorbate is
ST B A T B i
am&aut mdérahl\s\’@ﬁﬁcfff Mlue o) thrs Cet. IGaFtam)of fesatalysasl usefuf inahe ﬁre‘semt invention

avig T)E)Jl@rs] Iys}g a@nlav:%ﬁsgggegfgqege e agﬁe lggﬁeth angAt ﬁg%,vearfi@)%fg?v al tive diameter
of tﬁ@?&r@ g%)rmfr‘é@ c%%et?? él%%?rﬂme&' 6y H{éﬁ %@?@@&é&lbed% $PW. Breck,

err to as [ noptl erionit
ZE(fLerHMeLEctL&ARr&IE\(EB |’mrytI eln Reley i8¢ Sord, NGe dfoirk €l 994), Kﬁﬁpﬁ 1,ncorporated by

ZSM 1 1, hay,
refie Ghit ety Theriigs cTRaUT aarey datied (et Lot ifsingally the
porgsre %?ﬁr?égulaﬁ?@h&a;%d?gg él}i i GRLhY 11 RRYREe &Jﬁﬁﬁsﬁ&oar%ﬁa%ctenzed by

t a silicato alumna nole
the naflécnles ftha 64 Ye atdsotberﬂ)fmmbr thae tlespsbrel diiepsipnse Peferebly) the small pore

catefiigy B & supstenealy pEfork s R i ibrat el Shithffzed and
sha &f vk RuitebIe daAPRANTRL g@ﬂ %fdy%%%ﬁpéeﬂﬂéﬁlﬁnén ofitid Ablecular
also the F-silicate scl osed in US-A-4,073, 865,

mehmandn@rmhﬂwmnaﬂ@MHeﬂeﬁ¥ |ncorporated by reference

OOSEE 07 G b i SR e e

fordaat 5 or silicalite or a mxture thereof.

Mep/n0:Al»03:x8i02:yHy O
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[ 0036] Non-zeolitic nolecular sieves include nol ecul ar

si eves which have the proper effective pore size and
wae@eosdisaced by an enpirical chem cal conposiPCDOS20051030075

an anhydrous basis, expressed by the enpirical

formula: (ELx AlyP )O2 where EL is an el ement selected

fromthe group consisting of silicon, magnesium zinc,

i ron, cobalt,. nick chrom um and m xtures
thr%&{c!é%? cation; gh%aevﬁgﬁ %orp?gg frftﬁlhtybtf 1sﬁ ‘Ef#‘ n vglenge qng gg}as a value of
2 100:008PmoYe drdl th&x@ tymbAlyfr@eki on of al uni num and is at

least 0.01, z is the nole fraction of phosphorous and
[003Y at Zeelites Which mayrhg uﬁzedunylude chabazjte -\ajse geferred to ag Zeolite D,

ture of a f
O SR T . Mg BRSSP o Ayl
MCM-22 SZdollﬁb@ 'hav1ﬂ?§|h@g§i shl[Ba%BﬁteﬁitO igicd I Thots¢ Bavéngd sﬂi@”to lkintiga ratios
especi al y preferred. {10037] The repar ation
reajerthasnie) andAzisal i oaien than Hwith best el oEhigyed *ﬁﬁ;ﬁﬂ’ﬁé to alumina

ol G SARR0 e s BB O il i gt ving e

struMiSh‘kRQ Z%ﬂgﬁg)slllﬁ‘ah%gﬁ@)s ;theliiéi‘-nﬁ%s@d g&auaadudmm the silicapolymorph
- A4, 752, 651 4,3.10, 440;
disqlored Hp S oSOy o anRanie F-xeis cirelgped S A 9885, Soth of which

are HS y@fféﬂ%@ﬁ)gﬁke@ﬁ% Ai&ncSYOhDEShE ﬁféf@i’edrﬁégﬁﬁﬁ 3B kn the present

at | roma reactioh mxture contalnlng
invm'ﬁmﬂiay thestucwesoHZ SHLS aad iv either ¥ SNSfosphltalits erradmixture thereof.

0SSR oS SR B s o i o

eﬁécﬁvé]lbdré 628 ancﬁar@ 'éﬁlﬁ:)?al'clé& By §t?éif1ﬁﬁcél ShéHi¥RCbonSRkHieh, 4Rl anQhydrous
precipitated silica. Preferred reactive sources of

bas] exprassath lyrttie pmpiishblotsular e pseudo- boehnite al uni na
and phosphoric acid. Prefgrredst | ati ng agents are
am nes and quaternary am@ﬁ‘@ﬁ?@gjmounds An

wh&€ BEGS 84 L¥mBAISER 8 droh il bitub BEngA@iaa lof kilicon, magnesium, zinc, iron,
t etraet hyl amtmoni um hydr oxi de ( TEA! [ 0038]

cobplt.afieket, aehngpteselichemaivgfangd m;xnuw SereatiK 1S§h%melAe| fractipn ofEL and is at
lea%@%gg,f e nt éé%ag@%ﬂ]&eﬂﬁm 8 1J e{t%gsp(? 89% %&e%ﬁ fr?cﬁuon of

I's nDre an one el éren

phdsﬂi@bus%ﬁ@@ﬁtléa’st 0.0namd x alyl+ £ he, WhenBitisa neixthes ofeestals, x represents
005 and 05 nole fraction. _An escfem al | {Fslf)r efe red
theéqfei@mmm th%eléﬁlémi TRIX{e Bissqnt. Prefeed ¢lements (Blore §} icon, magnesium

%fogﬁ{ﬁ,ﬁﬂsﬁ ofiBei ég@waly@e Rgs which can be used in

inve any of those described in
[003’3 A- A 4RepAration OBvaidns ERAPBRGre weltikhdvntinghd 81 ariihay & found in

ecific crystallo e r

USte. D841 gaceRol Ue-SRREP B F- bR DM A ERE (hiDrss

I f I@Q}J q%j SPB t | & /ACTRI nipgsd
USi 5 4 § 197 Gr bs xe(%r?/ﬂli)(§ (Ij(gggg)r ggtgad‘é%rmt(é %
USi-A;-@lbUtZﬁﬁé and D84 a3 10#40 1l ofivhi¢heare memoeatcbeef@erwe Generally, the

4.2 A ot her SAPQ, . SAP Lifi
EL&%P@@“%%@ s Gyigheiieg by %*?@0@5? A galliggfigy i a reaction
miX fc%fl 5‘(%1@@5’19&357&%@ Hakdihin 'pﬁo@h@ﬁﬁ Qah& B *teﬁfﬁﬂaﬁﬂg agent.

It a sor s oxygen, hexane, and water but does not

Reamisro sdrces of Bl smethe 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
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 tetraethylammonium hydroxide (TEAOH).
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indicating that it has a pore opening of greater than

4.3 A and less than 5.0 A [0039] The preferred OTP
w@eweesxson catal yst is preferably incorporat eBCT/nsm05/030075

porous solid particles in which the catalyst is

present in an anmount effective to pronote the desired

OTP reactions. In one aspect, the porous solid

oot o SRl BE s rveffon P SRR R AL content

vari@®f6hl 6005 B ©f 0 @blerabear BY if ﬁl@f’e hBe 08¢ Slefent, then the total
consi sti n%hof bi nder nmaterials, filler materi al s, and

conpdnvetiowef alhbeskimenss ishstiasa KOG bandGes pwéﬁ)%mtgpnoAn especially

oreR B Shhenfio s SPL I, OURD Ehpll b8y g sapo). he
SAPOY Wwhithesan bSUS iffahe inXtaﬁﬂggcfr}tlsgﬁltreZd@ dfakésdlehdribeatinr e

and may or (a*p pronpt e the .
USufeéﬁﬂ%§7bﬁSvé%sﬁx186§p&rﬁndﬁS -Aed: 18h it biG{dbe spestiicrqrastallographic
n I
strug@géglrﬂglgcrglbeg Erbﬁ%éanc e@ns It E ggPpCe 294 @@g Ut e 34 is preferred. The
SAB@JSM(saﬁctuﬂd igchmasterizdd indhat & admmaxenosn Huit daesmig raésnrbu‘spbutane

indiGginec Re b s OBSINE BL 4P AR SRS SAFOA Y, & eremplified in
B0 BB 902y PORERS o AL ARG Oﬁfé@&ﬁéd?@tﬁ)&%ﬁwﬁ

these an matri x materia
chamactgrizedinrthatrit ah;dthsromygd:ﬂ dexamaj axdi vedter, bln dees matladstet isobutane,

. .the catalyst conposi.tio t he. no an I
indis 15 Brat et RATF RPONNE O BETeHPEiIS 3k B ISsS IR oub | se
[00 p 1 oTﬁgf{ " fefdRUOTS BSRERRINCaRNRL 9 pREYARY %o%%dr&ted[rﬁﬁ@porous solid

efera 50to 50% by weight of the to
al'tmi)ﬂpn sihichdhe carilpst iy Epeenbini aommﬁn@ﬂequfa rpmmbte ghe desired OTP

reaiRPb 1 GHOpE i s SRRl S BT el effegve amout of
the fdlecalel dibdcafilyPHRIR MasOdnetohdridthatetitn pdf@hbl§ aélaéwcsfmm the group
t hrough the noving bed reactors associated with

conpistitgenibiridayeeterials, filler matema&hmgd Ipméfr@sfth@reomﬂmﬂdﬁea Jesired property

orBRbIRLEP. Bkl N, BB kel oo

partikdést Sﬁdh&ﬁaﬂ‘lﬁ nidt@faly ROHYrobEIn @B tesard oy driiBay @R Ge efftctie o help
to 7 mm (0. 02 toO0.28 |n Wi th best results usuall

y
prommeathm@glred OFFPs;pméqrﬁsl@Im ik and bindey ntm@rﬂ alpigglude,for example, synthetic

{u?eﬁlé"r ul r t?s{sluéh gsumlgog%c% )511t1<£a|9 @J‘Lan p%ﬂlca—alummas

s111¢th1&g’11951W, §1$1€emz1r¢m&n§111MDﬁasa51Hmbdrylﬁshﬁlmantgamhs sﬂlca-alumma-
structural ,configuratiagn %ﬁ SMS,sorretl s in i
thorigs; whearalpwinazAitepnias) ajuninephasrbeics, MixuEeS AL B’@ dike.

[Oﬂﬁlﬁr u C?fﬁlﬁnx'ﬁlag& J é?;éa TRlder £/ ?g{ /ot %os er(ﬁ}é(t@ﬁal% éare 1ncluded in the catalyst

unction ca St 1's
confdRition tBO6BBZAED]itit hmi/bmoMmgelecxﬂan/diﬁve leatatyst preferably comprise 1%

to 8 PCDIRIEATRY Yl 9026 BT elerebbi e Vofar Spap Vleht of the

total b(ﬁ‘gl}’d%ﬁﬁ)ﬂ e L%eﬁﬁéﬁdn%f's@l‘i arfi’(fl@sf QUpEding lﬂﬁéle&ﬂ’d&‘%fe‘v@ @atalyst and

yst 1 n thete chings of which aré
mafrinaratgrelsis edhveetianah amywclbhmvennehe arhd od‘amhtafetmmenmt of the dual-

fungigneaizhay Gk ibpuhe bed e AP olRls Syt B pisdiy apentipn itis
Iugﬁl?%%fér%d%ﬁ%&ﬁﬁﬁagﬁoﬂ%é aataﬁ}/gt 86 y;qieﬁca%f ﬁ@d?‘sﬁlié?fcél' iRishpe. The

'ene and a separate olefin-rich C5+ gasoline
dlameueeeﬁﬁmse catalystgsteclesie pieifasitdy seflecgal fram e rengef fn@ 5 jtn7 mm (0.02 to
the first stage MIO reaction zone discl osed therein.
This '999 pat ent
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contains a good disclosure of the dual-function use of
a ZSM5 catalyst systemand is specifically

w0 pwenposat ed herein by reference. The use of BCT/US2005/030075
zeolitic catal yst having the nordenite structural
configuration is specifically disclosed in GB-A-2
171718 wherein a deal um nated nordenite catalyst

B I R e —

of D63mby09@31g§1t is utilized to convert a
hanol -contaji ning feedstreamand a C4 ol efin-rich

l001”e]c y c[The mostapterred aepkifinlya-fitpesiop cafalyst foomsedn thermpspnidneention is a

ol RSB o SIS ST b o
havingedtppetasil-gge’hatruetune. By goosf amﬁplee)f tHiOEH bf dmdfinrtion catalyst is

dlsﬁ artl QJS 396%)@3 E%Lﬁge 'q%l hy l%fg W?H‘ lap{..]gt&gé;g;%% Chae}re?rll v reference
A bU}BIsl?IEé’tle %cgﬁé ﬁéﬁ% thd Z8RRS5 %&M@ﬁ%ﬁﬁ?&ﬂﬁ%cb@ed as a partlcularly

catalyze e direct conversio oxygenat es
prefeirgd tuadifefotins catalgsttin &S-Atde4330l88 cths teachings afl vdfichnare umzoq)orated

desired |.ef f
her Bl LOF A SORA A PS4 B ahy S5 A iscloped i
USh-49%90 BoSwhtdein tidethafl &PE6HR EsvERRAYORIR aRB hBGedSah Arecycle

si |1 coal um no phosphate catal yst (SAPO as a
stregmabnthining dllyiensaand aypsparate dleﬁpe‘mhfﬂsc gh$ofinh aeam to increase the yield

f APQ- 34 the first.. . .
of G4 Erteh %l inThe, B sy M0 ot it difh g i s 999 patent
con@ W disdidbute of 14O dRaLfanitionaRé of NZSM-5 aGBRAR)sIem and is

cl ear teaching of both the use of a SAPO 34 type of
8pe@§tc@lby1§f>or§9@te%rhea¢m by refenanse. Hbarde of 2 Feoditic icatalyist baviygthe
mor%zm?eaétﬁicﬁgaltc%%ﬁmlgﬁ ?ﬁghaﬁg} ?ctl(!é%él Eﬂ% - glslltlﬁg8 \ONElerein a

dealuadidated Bdtdcnite catdlSt Pateanh S/ £s1hec5rﬁlb)ah§tﬁmhf at6miid Mtio higher
I ncorporated by reference. £0043 Best results with a

tham 8¢;1 2p¢é pispdimcdiidg santent ksps thamOak by weiht isawiligprdip convert a

t | t I
e Rl b kAEH 8340 olim OGR!
e e, Syt o s s
patfaléﬁm? %9&?1%1‘?* P%? SB?%E @#Yéacqr@%r@t?fiéwfﬁm PrEefetRhestion i s the

[OOH%In : eo | 2 Mﬁﬁgﬁg gf’ef&‘?&i él&és‘bf Qﬁélaﬂuﬂ&i éls&égitlg%”w tsB ifthe present

cat t system This m xe
invertionds the L ARMD nindecatar siepes. §1hesﬂ: matthas atedinogrnao mh@alyze &bth the

dqurﬁr} %%{1%1%}({% grgitz‘%%kﬁsi? ﬁgﬂtgﬁ‘ffﬂgnq%gt e ?Scltqivtgris%a]t rq?e:{ipnasgp a desired
pro&it® ofedinak 36§ﬂ b& §enFRonh HoBehhiRA t@éﬁhfﬂg’é oPOSLASL 6024V RRS

of material into a binder to formparticles Rhaving
US@&ﬂJﬂh@Ql ddS-dh6.45h742 bart spetific ééachings or ittehuse of sidigoalmino

s ety CRPLY R & HteEnclionsitayf il scapieithas™s roference for

SAP@IK?Ir dsﬁﬁﬁu%’ﬁ ih he/Bks¥éxalftpl cIrfBndiheRk]. 3 addiBY e tHRQEEd A xample
the m xture with a value of 45 to 55 wt-% bei ng

of tb1§ pw pdt¢ny cpntaing ﬁﬂ@aﬁonthmm?r trachingofdwth the usy of @@éﬂ?O -34 type of

ceu i P ER and b ZRME i APl W B AT IR g n e

intedctcme@marwloarolmtm logtit o1dfiyiel I THeasdhiis of the ‘243, ‘001 and 749

patents are hereby specifically incorporated by reference.
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that are forned in the OTP conversion step in m nor
anounts (i.e. less than 2 wt-% of the anmount of
wozogesErse feed converted and typically 0.01 tPCLUBL005030075
of the anmount converted). These highly unsaturated
hydrocarbons are a very significant contributor to the
rate of coke dep03|t| on on the preferred dual-function

n thi tion _an
003l Bt les WiGRAADl e PSR b{¥erf A5, Affed Bhen saPO-34:s
utiliz&reMBe adalf fufdidnhRtaBkD GO BAndb&Presiiecith i Ia&@olﬁﬂﬂnaterlal
or nore of these heavy ol efin by-product streans

are olfeingsi Ptk BYisT e of eyptegighsuchgs tediiMonmaleyisls descrtbed in the

‘ bj

749 pP%%IﬁI é gﬁ%’ce tﬂr%ﬁe& f e eg{aﬂre éh\ge?lﬁﬁeasol.?é ubdlof a lel‘%Iie ofa
zeolBuifat A gst @jrstéma\:im wh@f-zea)hme cytalyst sﬁsteaa Mthid mrxedseatalyst ¢thbodiment

resent _j nvention, the, C4+ ol.efmr| fraction
can e pefomnlighed ¢jther paing 5@8}’%‘6?% NHXEG ?flcmrﬁl@ewniaa@agfthwhﬁc

mathi vl el 0lEs S A BB RO TEANY Bf hoflafls PO formulated

by rﬁﬁmgrthb eslo typesof imetehahmt(ﬁa bindero tafolbmmpaftichestiagimg both 1ngred1ents
vere this OTP effl uen ol i.ng and s t

prosgRBerelt, n kst G BheLar e OMBIULOR S £ RO AN with

SAﬁ(? 33 tin felARFl AR subh ehaf SA@@-M &f }%Ili‘s%§ 80 $6+70 wt-% of the molecular
fin-rich streans 1 s charged he sel ective

sievi yodrtmgmf the mittmerwithsa vyue of éé lte 65 S ivemg wmtalltvtmsferred

e TG RN R R T ——

hydfc%@ﬁﬁk@hlghryaﬁ‘ﬂﬁthﬁtt t'l%FdG&QrHo‘ﬁs biihSastiliehed b @t 4d36y16di€ Rydrocarbons
and nore preferabl 0O to 95 wt-%or nore of any suc

thatswe foammed mrhthe @ﬂé%mwersmneﬂémenmr aroennfs €igeleshthan cewt-% of the

amOélg? ?ﬂ(gwlgegqt? Eeg%cgmeg? yﬁn{}% é @gg(]é‘fl g&g-r% ﬁIP ﬁle%unt converted).

ThekdNighlyl Maﬁfb@e&lﬂ&ﬁ@a@n@ fareﬁd vére 3iphificapOddniitut&f to@lityrate of coke
recovered C2 olefin-rich fraction recovered to this

deppsjtipen Brureigred epplgpnaion @R eaglystused inthisjasntion and tend to
conge%]r\é?er tl?J‘hesatvg %%e?‘fr{kﬁ/;]?ﬁ)ﬁl‘fct dyaliqd 40 ér@cﬂfr%@hﬁétﬁ ddbersion step.
e t he "anount

Imterconv ene to propyl ene
Rec@élnfgccﬁie}dremﬁe iofi tHels¢ Bealy obdfif bynpmécgt(strearﬁs toaheOT® domoersion step
hi gh, the preferre tice |s charge at | east 50
can gausg QS catply st lafrt%blgwaaéﬁﬁeaﬂdowl icant sy prepylers selqsdively.
I
T e R B Ay P R E R TEDhn the present
1nvemnh,alﬂie € gatole¢femsth fragiomtseparated fionethervaponoes Gactidees derived from

the AERANL SR 5 O BENSATE Hab £2 Py RUOPsOUir stdopd €4+ olefin-

richhi %{iﬂgﬁaﬂ% két;’pﬁ bk it B4 hesbtMBod RaGRMMBEIveRIWin this OTP

y unsaturated hydrocarbons contained therein to
efﬂudsma ceaingesycaphratprodted. | Insiccotlancearith the prassntnedngionlyityeast a

t fi d
o e e AT B B s
treaﬁnéﬁt %fé%ttg keledtivbl 6}‘ ¥l 'EHE‘S& QOMI’E@JIQ)I‘é"td the camélpehdiAg bldhns.
The sel ective Xﬁvr ogenat i on

Prefmrw ah leasé 55%—% of eyt katvy oledmire grepmcis shareed 1o sl y

e R B SRS GRERRIR G 105 SR BOREOpRagh e e
posheletﬂi@eﬁ@é dsme@rsﬁbnﬂtraw drioumdd frthd €9 our-hetagtivam frdmitse OTP

step typical %/
effluent stream puts within the scope of this invention the charging of at least a portion of any

recovered Cy olefin-rich fraction recovered to this hydrotreating step prior to recycling to the
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runs at a tenperature of 30 to 2500C with best results

at 75 to 15Q0C;, a pressure of 1 to 40 atmor nore (101
wohBRaess789 05 MPa) which is sufficient to mai ntBCTUS005/030075

l'iquid phase and a liquid hourly space velocity (LHSV)

of 1 to 30 hr 1 with best results achieved at a LHSV

of 5to 20nT 1. [0047] The anobunt of hydrogen charged

OTH Pogrian e b ShAERBER TR oot fst fmieFRiFE spviene to
propyléidl Y the stionhRbeLbel)¥cHeqR BiP0H DlHhnearte §thaneisdoo Kigh, the

I"'east a portion of the hédro en can be dissolved in or
prefarted peagtics is fio ehpsgontdeash EOwi-dp Andhaporerigesatly Afiae @5 whi”s or more of

Sudi: ;E/S r%be?{rnérg%hrrr% iy Clg gfﬁ%%? ﬁ)d%l% ﬁg%?r&g%&%{r e 0 8 n: 2 ? current

[00453! at Thesdiedlive hylivgeh @aatineat @ép contais &tiledsng pbigied of one or more of
stream usi ng _technol ogi es wel |l -known to those sgi Il ed.

the heavy leiefingieeycly siregs anR &y Apged yah & neial-contanipg hydiggepation

881 DRI AR AT Y ety st

hydestheboyé cexthingd tHefein to the camespohdiog okefimet dhe catalyst is preferably
hydr ggenat.i conmponent Wit suyi t.abl orQus carrier .
maifainer Vs Fhe YA en Gk Hp kel oL SpiatsT parpgiss. “fiche Blrtictes
' [; [ skt d
pre%%%v@% (ﬁ%ggtgpgf] 1610 %am gﬂoﬂ& B4 Lb)or ‘éEIﬂDgnggfrjﬁ

o0 t'he cata In an anpbunt suffici'ent to bl _
[0046]bst Aht balkdtivediydmigendtmnaoyditipols ageelatted o effebtively convert highly

ot L b 8 ST s
oveg-ﬁ &%n‘%%tigﬁ %Qﬂe%ng%ﬁb\%@in frully Sde@hied MtRIIDAA) Tﬁisasié'_}:_it']tgﬁibally

xtures thereo th ni'ckel being preoferred.
runsatcuenpasitue pf 30 tr 2H°¢ withohestiesults diydiodehst aeressure of 1 to 40

ot S 8 R i el e B g pase and i
hou®ils wealeﬁﬂm?rqmrswm ab 30 AF! With bbstaesultg AtHieecnit a LHSV of 5 to

pgrtion of this netal hydrogenati ng conponent is
20lr'ef erably mai ntai ned in the hydrogenation catal yst in

0080, bbb R TSRS B A 5 o 10k,

pre 11116 205¢mdEesadiydioge ipbt Mele ofitighly aashturaisd hiydrocarbons charged
[ 0050] The optional attenuation conponent wl | be,
thewsts). ot leapt pnerHanRE the bydsogwrran beidisgolyed muprndimixed yifh he olefin-

L L . .

corfifhify (40 rkilo WS LERSTb dclcl TndBERGAlly (T HE 1A TR Shmont

zonG & 8dncatrentd drlcogatemuadehiyrejationkhiietodhe hedvy dlefit-eGhtaining feed stream
t hereof, calculated on the. netal,. with an anmount of

using, gshnodpgieswelbkgeva iathese ilgdig thisstt resul ts.
ef e I ' i . ;. )
0085 18 SRR R b ROBR g S for i
applivattomndndds prefiahbliy wmoatbination iofiacatalyéinalbit effectiverpooanites a metal
are best when a sugstantial ortiQon i s ngli r}tai ned in lefs
hydrpgenatingerraponegt Wit Géilj’fab%%"rglﬁ% OLCTIGAETR, apTar F4es an olelin

ity BAnENG BaRRAL ¢, 6A hRbntator P RedABY 1Sk taflyst i t
Sd{(r:g?let% F%%nyﬁrﬁ%r% ?%g hygr otreati ngor}z:\r t. Suitable por ggtsm Aot
sufficient te blovktor siladtantially elminatednyyhydengsnation side reactions that produce a

fully saturated hydrocarbon.

[0049]  The metal hydrogenating component is preferably selected from the group of
nickel, palladium, platinum and mixtures thereof with nickel being preferred. The amount

used preferably provides a hydrogenation catalyst that contains 0.01 to 5 wt-% and preferably
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surface area of 10 to 50 m/g and include the
followng materials: 1) silica, silica gel, clays and

W@ 2006033765 | ncl udi ng those synthetically preparPedusands/030075
natural |y occurring, which may or may not be acid
treated, for exanple, attapul gus clay, china clay,
di at omaceous earth, fuller's earth, kaolin, bentonite,

0.0%5le Fs A e FiefiliRbated R0 30 S B BAN e B & Senthiabe porton
of thif Rl H%@géx%ng Refipbhérit i r¥feadly Manadhetinaké Hedrogenation catalyst
e

_cesium oxi de, hafnium oxide, zinc oxide, rm%gesi a,
in aletali stateclthquels in Some- cabesra metallicicomparedmes ibg used, such as the

chroni a-al umwi n | Yym na=hor.i. sidica-zirconia, etc.;
corteson %%ﬁéﬁﬁﬁgﬁ%dg%wr& F@gﬁe,%ﬁgggoglrg&gtgth as charcoal ;
[0030}) STPhéEptionabstedhudior? édiEponkhl W llcietseldRgTasih B group consisting of
alumi nate, cal cium,alumnate, etc.;

d (5
coppisn e ER bh GBI G bRz T Bhgml Phibgettenuator
oo 3430 05 EABERS ORI L EB 1731
theredf, dfleulated bh thesietal, agith arsarnbimiofied1 wo 1 fwtelh gahemilygiving best

erial_. i tabl e_al unm n; mater'lals are the

resq@ig ;,]%qegrthy] [é gggq%ﬁ%tgggorﬁﬁg%ccg@erg SPYRE-or g@ guators are utilized in the
- Ly L i ) . i

e T B s LR O

substaxitiah portion iomajmtaipal ini theiexidé statekal i and/ or al kal i ne

rth I des and/or oth I .ref t .
100$fl5r 3hs bGws BuseemaHaCio I kil OSeds bR N be any suitable
matefif) fronh BEMBFotrealife Ql‘t.egﬁftélﬁéj%&@ﬁ%a)fﬁér thteAH0RIBSEnbRILY Yave a

pure ganma- or g{t a-alumna. Preferred catal ysts have
surface @ppafl Hhto Huhk/zded sndydeghe llewing Magriglsc d ) sitiga, silica gel, clays

surface arega characteristics such that the average .
and3jcafingfich GO5E St R PrRpe Pod ety SoBHERE g may or
may Rotlbe heldArehtediC & erfpleN Stpulgud eRy 21 ¢18y, iditoimBcdoRd earth, fuller’s

n2/ Best resSults aretyglcally obtained with a

9. _esu : 20 W .
carthalkavlial hemtoniteckiesdlgurhnie.o(2) agfractory irorgarierpytiespiebes alimina,

. parti.cl. havi.ng: .a_.r.el atively spahl di e . to .
st diSviaE e B AniBilodE benfu Bk, Plagligodde,
cestuth ki, BhHEum dxRR! LinY 0kideBmSineSiadbotlal thorianélia-guides silica-

area of 150 to 250 n2/g. [0053] The hydrogenation

magnesial shsemigadluména puprinahotyy silisy-zitetn ditie (Rrfetlpnang carbon-rich

_ar.ef bl V.. l ref .0Q: ' .
St 8 S, AT A SRR i
calditr® abtihaw pdtc. abind () @b@binaticmotendtedils fropr @gratmaen of these groups.

and/ or spraying these ingr e(iityent s on to the porqus

Thespipisered parou atalystdentsedn fp hyrrogengiiandaaeaby pip resrpglory inorganic
oxiﬁ’ése%ﬁﬂ%e%tggs%ﬁg L8Ryt S AumBtsidate@. " Outer shel "

I mpriegnati on technique to concentrate the active
[00§2}poSeaiisble aluatinnmaterialsargtheicngstadlincodlumires foown s gamma-, eta-

and3 Bl Witk SR O BREA G P SR e 15FLGHO e alumina
car%%qg%%ﬁ;{l gnff%%léﬁé hﬁn&éﬂrﬁ[%di?'g s'oF afdali aBH/of &kﬁﬁﬂ@éﬁ%ﬁdes and/or

or a‘pe of 5 to 100 hours.
otheresell knavwn ehteatoyysinorganicoxildes gucheas silixda), zineinia, ethgoedigetc.;

ho%%ﬁ@@&%@%h%@&}}fp {S&hﬁ%&ﬂ%ﬂ{rg %nga%}mg otr %@gl{lr%tlrlljar. %’rg erred

catalysts have an apparent bulk density of 0.3 to 0.9 g/cc and surface area characteristics such

o)

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. Best results are typically obtained with a gamma-
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[ 0054] Al though this invention includes both a fixed

bed node of operation and a novi ng bed node of
wop®sasi’en for the OTP conversion step, a hi ghP@I/US2005/030075

preferred feature is the use of noving bed technol ogy

in an OTP conversion step to enhance the selectivity

of the process for propyl ene production. The use of

st el R e g bR Pl xut; e st demter

of 1h@aVi® heg0.04ite el4yin¢aﬂvh1§pae@ht @amn%hgit;abﬂ 0/3 t00.8 X R lpBrel Vdlume of
the catalytic reform ng of paphtha fractions to

0.4 (g andse sytacs gecaniS 8 1o aﬁQjmt/é facilitate the

yd
[""?ﬁossffﬂ%@%&&%ﬂﬁﬁfﬁgg’% TR P e lfton and
prefepatily givobves presorming thegioadushrriva hidteriab andthien béding the metallic

intr oduged to. an, u per section of the reactiop zone
comppgentand the Qptionak 3Fteptgy eMMBINEnthyt irprEegngionanyer spsaying these
[

ingfeBRE! Ao MY Soro(IipBuR ohfih SRR of SmERABEUTHTH bisent
invédt®naedyalsy st“skin? enbottershell hinapregration tevhhigue Mwﬂncemtratd: the active

a preferred ect of t resent invengtion
cont B R DR REmElSE it G PATTEAEPROR. { s "ot ippregngtgd or

spreWeH Botdu8 shSRASKIERBA b Hfl@dj&’t%ecgmb&taﬁlr@of SR 2000C 2h@ Rypidally

reaction zone and wthdrawn from an upper portlon
calmmﬁrle@fr at Ih@mpqrat@fee@frw to GA01Cyfor apiedod ebh tpt@/haies. The resulting

car g { BT Phdeie AL RALERu A SRR 81 Jroh B iine ] Frppbmperature

of 3Bttal7yeC @uria otterd. nitial stages of the conversion
when the driving force is high and nore active

[0084) al %éﬂl@ugiuﬂm&wlgwﬁ@nénﬁgé‘mk@ﬂt a §ixeyleasl mpde pleoperation and a moving
bediBOe IR 81% 1}?@ 8 t&g E)ﬁ;éo\ﬁlv 10n%{e ea h%hiy rﬁ%feg[eg (%egg‘]nﬁ a5 The use of

ypi tcal P | cl'e

moGig @B@tﬂcﬂﬁold@f inna@pbby cORRELOM Stbs tocaihahoesthe ﬁ@éaivmﬂyrw‘ the process
screens that runs through the reaction zone, whe
for prapylene aroguetion dihe pseef Pevipg bed &ﬁﬁhnqlﬁgsb@ghowa@l Q@nﬁmw 181.

SuifhBet @Sﬁnﬁ\'b&hfya@%e eg%ﬁlt&a?i‘@ﬁ sysiéfil ha %ren W&el%ﬁploly

reacti on- zone Streamis in ced
contirtherciafip éor examiptenarths eilytio raférniihg of ﬁ@mthadiwamonetoamdreasa octane

nuroc 464 i e e tecleBHTHETSEIOR PG o P PPl
(0SSP | 528 B CA0IG A Il PERSSUS B AEAR0RCERS S parices

zone, hence goo
canlberintnglucbdto@hRippenseetion ofithe seretivn aver B f;ed hy grav1ty through the
mat er i al

entiay ARPe oF B YR o ARG R o L S PP e akds [ fesdstieam

elth%f-’ﬁlea colBRrERFRPIRERRH S0 HRRABI st Hﬁb@rﬁé&lor hed HSﬁc%lrfeH?dlrectlon Ina
nber of active sites on the catal yst thereby

pre&hfeé espentofithe preserd nuvention He fealstrears rflow landulttbnzeurrent to the catalyst

Ao e sl B BLSRICe Siorad Ve Sotfin B e At Pt i ithdravn
from ahh@p@f%rﬂidrpﬂmebﬁ TS preRReHicORAERREPRE preE80 SiREA Al
in a redgeneration zone to renove at | east a portlon of

advenlegesdn bifaeegersionaeagtioas by Fertaciingithe feeduttanniyisl patsiatly
deafz“vatt%fcgglgsé %Sn%{ge {hséI 181t1af’§t§£€s otflt'h QRvatioh YRR e &?\%ng fforce is high

and more active catalysts during the subsequent stages of the conversion when the driving

force is lower.
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wi || be stopped when the conversion drops to an

unacceptabl e | evel and the OIP catal yst is regenerated
WO r00si083759 [ 0058] Preferably the carbonaceous nRCEUBZN5/030075

is renoved fromthe catal yst by oxidative regeneration

wherein the catalyst which is withdrawn fromthe

reactor is contacted with an oxygen-contai ning gas at

ffi [

O B B e P o ey Pifincd by
concemhmecataalm\rmnﬁrrgmretehe thadtuls flsough thetréretibn xeuat, lpderein the catalyst

poc A TE R B R B0 B B AR PR e o
readfiBh Lba! TAE f&ak@darsis @ﬂ&hﬁ:@@ ¥RKcTit® thel dpp@lacﬁ 19@e1d%t16@9f e
to substanti al I% renove the carbonaceous materi al

reacgiop zone and is passedhagross the agpuvigenoradly pn eﬁecqmryranewse to the

cataé}ﬁ?ﬂo& ’?]{16 %]d ybc%:cpec at%lé)%%%%pro aellsxglypa}gsté:gx%e&%]? gcross the reaction
zoné eﬁmeeg(fordqmv(a@lstrnmﬁ@nvw % of the carbonaceous
terial. Preferably, the regenerated catalyst wll

(0055 nt aDHnug ths QTP gensgderizensiieavpisels @pﬁbpyacppweteﬂ@l 1.9, coke, is
depé%teg ances s‘?%’ﬁ eﬁr Wnl ward ﬁlfrc% BhYrea @t%cH;PZQ‘O%e ’{he carbonaceous

I ns nrelativ arge c cen i ons
depesitrhaterglaodiscesrdteanintder ()f a®ive @ﬂ&fsac)n the eatplyestheiebp affedtihg the extent

at al reater than % car bonaceous
of thactogreaton sl A1 elatHy & ProB Pt T BB AN R e GG qomversion
proc;%@ Q?é/l@i%? 3c/)? LAkE 88219835 %ﬁl&l%?n% %erk'.)'g ctio one and

ive ow concentration of oxygen era
regamesatpenn magaﬂatatmﬁ zony/ Permova bideast agogas df she mbd»rmtm’hs material.

ror kGG 5l A dsses. o g eyl g ef e
will®e stdpPBA When HR Bn¥@bion Yoto US 'uﬁ&cE%leé &e] and the O'II‘P catalyst is

concentrationof oxygen, it Is possible to reasonab
regeporataddh stthe oxi dat i on of carbonaceous material s upon

[OOEttéi ?{—f?ﬁﬁ Lo ta6 o&u%f:eaolullsow A ?S)F;tr%g\ségl ci/ frﬂlé tFxﬁ gzt&alyst by oxidative

regdih@ﬁlﬁbﬁ) lvdh'eieYn thfe cRRIyFRRARL Y wiigaQh s ld HadaBbAdctbd Yith an
nol ecul ar sieve catal yst. Tenperatures used during

oXygayemiainine @as atriyifiidiert demperatire anslya gert cangentrasiongoeipw the
des%dtéln&%‘?’ %)f ﬁlg%gllb%ﬁac%gltlsta 1;1]12{% 1a1a g E)eé%ovgﬁ%t& %ncta%]l}gst In the fixed

Ion zZone

bed eﬁmbdmaﬂt Yin@RPErgtndniag gas @f@aahm chegded e OTP tedétidCzone.
t he novi n%ébed configuration used in the OTP reaction

Depgpdiag wpemnthe priigulas eatplyst andecgnyeysian itgsp be dpgirabiete sybstantially

b4 SHRORERLLARAAAE o3, DAEARH ) Y A bt Py o
0.5 wabe r]inadomes:amrivi\s edvmﬂgebhﬁora@ﬁpﬁlam;eﬁgex&trabyﬁd catalyst, e.g., to
withdrawn froma | ower section of the_regeneration

rem@ynEomn) 1ok Wit efithelcqtbonacsoustpateralc Piekably fhe regenerated
| T 0
canlF 00 ERLE S A3 66 T (BRI A5 e e

matériadwPre feladrie 1mho$thnstmoes;whbn refatemtyi largelcnnvdmltnahoms of ca;rbonaceous

reactio one co reac or.s 1, nd 3 cont ins
matel (5, SEK GFF RS bRyttt AR Aovh i edsgaceous
mat&Pfoh Iy &hd198; ca}mﬁl ﬁd?ﬁ-%?f mﬁfs%ﬂpﬁgoxygen-contalmng gas stream

containing a relatively low concentration of oxygen. Preferably the oxygen content of oxygen

containing gas is regulated through the use of inert gases or the recycling of flue gas materials

to maintain an initial oxygen level of from 0.5 to 2 vol.-%. By using the small concentration
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reactors 1, 2 and 3, are in serial configuration both
W th respect to the oxygenate feed and to the flow of

W@ 2008403359 t hr ough t he reactors. The il |l ustrat eBCT/US2005/030075
vertical cross section of the reactors shows catal yst
descendi ng t hrough an annul us 33 which is maintained
W th appropriate concentric catal yst retaining

sScreens. L three in rs r ' .
of o e 3 B P7ERo Ry S o GO0 R0s ARGl fpteriels upon
the é£419étivaTRAL BlldWink RecsSEIOMINEGmMPLiaaas wioccat Beysty preventing the

particles. Preferably all three noving bed reactors
possibility @ﬁi@r@m@lﬁdxyém%qm@ﬂﬁ dagagiag thesmpleaiHay siexg saéplystom

: I At Qb

TenlyFaeth Byt ing rBenb R Bh Rl RPML M rolclof 4RO E7 IR Wh best
results @baiireedian $ 0O w65 O Tld regereiatfonerdnerit the nadving bed embodiment is

i nternmedi ate mat eri. al ﬁﬁd pr o_?luct nmat er.i a

s.b olid .
preferaplyscontiguion s piraRyBg bechropeyuRilardo fiedmeyip %egffﬁsguraﬂon used in
the D PEAp ZBAE B EoR obllyc PP s obbARTRGY S (e Rpadbration zone
andipassed bgigkavétytfeed themsbdhe mgeteeatmat zhy sihereihthepadfoaaceods material
. catalyst transport iumis steampdue to its,. .
s Ty A 1 oRT BT AR W TSHRV Bk Ao SFgion fgpjegeneration
zond B5d fSEFcRgkaky e OTP kdadsh sdher €actors 1, 2 and 3 is

selected fromthe dual -function catal yst previously
described and is utilized in a spherical form having a
ef fective di BEFAILEDIDESCRPH WiHE BRAWREGer  of

1.6 mm being especially preferred. The total anount of

008 ARk BB SR Tt e PO ARG Mome o

predeh€ink&atvini i whieerdasticelone ceshptisinh adadidrd &, TanlResitains dual-
conditions in the individual reactqrs at conditions ,
funeiionPT12 porisasion prtalystdn @ nrving bk qosfigugtion. Fhe theep maging bed

o o di ) LA

o 1 40350 50 LB 0 MBS Bl s o

the flb® oficafatyssthrogihitherdacions. The divsyrhted eemioal cross section of the reactors
simul taneously mnimzing the coke fornmatioon on the |

showa eaplyat et i bEE a8 AR W iPhds mapaiped Witk gpprgpriate

con%«%h%rig_ﬁalﬁl&argfa_rgﬁg 4805, ARGl m@Vfrﬂg%g $LRdrY Qpé?};tetvt]gldthe charge to

ocess recyc Ines 14, 17, 2 1 and 22 are bloc
the edatton fibivingsinf dountermutrept rokitionshiptoethe désceisding stadanedf datalyst

e R 55 o 54T e
o3 KRR BuBHSRe SRMYAANREINEDS HAE MIARTer BorDhTR which the

e injected into line 13 means not”~ shown )
efflperit strednp ist teeoventde Tho dravdng shrowsi thé flbivred fged matedalasinigpmediate

BT T T
rea%ﬁ?%he@éy asteadindi.| AlBRkspoRt nhddRurh rbTepdbly\aiban, ﬁﬁo%érﬁcﬂ’fﬁny other

Wi || provide an oxygenate to diluent ratio of 0.1:1 to
avaijatie inertrdilientsitiesnoitsshescatalyst ol prefested gatelygbisingposy medium is

referr.ed r startup. .The ulti.n I Xxture of
Ste%?(%%‘i‘?&%&”‘?%?glagm?sgﬁed%ﬁle (?)’glzgeeagh?lg%éﬁﬁgh appropri ate
[006@ed ame CBAff étanst UliBRdd Bxedvidige, 2asd b eadelddgediesn he(dual-function
shown) to vaporize the resulting stream and provide a

catadyst prayiayshyedaseritad andaguidlized in p sphesiseldpsm hipwng agffestive diameter of
.5 to 5 mm with a diameter of 1.6 mm being especially preferred. The total amount of OTP

catalyst is preferably divided equally among the three OTP reactors.
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at a tenperature of 350 to 4750C and a total pressure

of 136 to 343 kPa (5 to 35 psig). Reactors 1, 2, and 3
w@ewbasatssuf fici ent dual -functi on OTP cat al yst PEDUS2005/030075

provi de a Weight Hourly Space Velocity (WHSV) of 0.5

to 5 hr 1 during startup with the effective WHSV

rising to a level of 1 to 10 hr 1 once recycle of

lLefinic h ogarbon material. comen | ne .
(00841 ARG e P 8 R Bp S ATRER S ed o ou e somversion
conditisnd Rhe irRlivideal r€actory al déadetions hich ehhandeah@gierl dfipgo®flene by

the charge to reactor 1 via one. qQr nore coolgiégg nmeans
I

limitjpg therfemperate diffraendiak aqrps the dividyrg reastorety og dgsp thereby

f . 2 1.Qr i E e ..
oo AT B3R s L RDSAEL Py gin e
cokeformutige oatie: cuapdlest mdlich azcgleapssrepidlywit the tpil end of theOTH reaction
an effluent streamw thdrawn via Iine 10. Appropriate
Z0n¢rpans (not shown) cool the effluent in line 10 to a
[ooélﬁnp%ﬂhﬁ%aa&hﬁ OF tHeProdiss feby @t 1ihé3sniﬂ€ﬁ9} M fndt D &€ BRIREd off until
whi ch passes into reactor 3 and contacts an
suffaodiohit piovinel materiahis obfaimbddor hitiatibn ofirecwtlal Sistiladydeter diluent recycle

condi ti Qng whi result in,further cqnversipn of .
throyeh s £ 25,294 28 a1l 5 Sloskiipoht ahd e 3H o BE e of ither wate
or sEYMPFRIHEGhR ctelfBAD IR NBNY Hdaik hat shoRMREthieF B the interconmection
differentials across thé reactor of the second

with kbizec8.i Adrstartipeanraleriholic exygsokte depdstreanh Bowatvia linet 8 torthe intersection
Jfeactprs 2 and 3 to, the s egree as j.n seactor, 1. )
with BEELONReek o8 Botint fisi ot aEP i eed T o 4T BT Bt o steam wit

provi@@an 8fyednatdfo alindif Pitiodsre0.¢eaabi NY vithePvalhelse DI teR:1 being
substanti al anount of the water contained therein via

espasirdlyqneteed faradartupg The teselbing misreofewygenats fogd and diluent passes
h - t {
i D805k P2l e B0 PSR RS LR P o

vapbiy £l the edshiRihg\sapah apd pvideta dhags streAndbORACIOO N thh @Bters the reactor
and a water %goh)ase contai ning significant anmount

f
at a sggpagpipeccelt 220 de fgeltatnd a il pestEpel 196 dadd bk Grtogs psie).
Rl LSRR ML ST B Gk o g oy

SpataVelatity (WEKIEIFs0.500 pass daring siarap watithe tffedtive WHSV rising to a.
to.zone 5 and to achi eve an

leva) & idpi 006 A OUPSTeGHEIB P elelipie hadrocriben maistiab PR epFsolis 2
Wit%%‘éﬂ?ﬂﬁfﬁeﬂ%%g%{%(ﬁ% rRR Sedflils i %ﬁ%‘ﬁg@? ﬂf)raeva‘l‘l}’ecél@se to the

raws the aqueous rom
tempaptradithe Sharge thy mgctet t mmne ak ewrdyodlingen@®s dbsghosmsand charges

the rspiEne BpplEa AR eDt, e shelor W BFTE ! ST Fgion catalyst
conbdiEadditisial SoBhts lof BLyBnath ntia? fﬁ)of?%?ylgﬁe 08101 p?&ﬂlzction of an effluent

additional quantities of water 0 reactors and 3
strefirn withdlod wmgiagine g s Apprapdate ameans (nop slkasgnjreoobidie gl uenhin line 10 to a
The initiation.of water recycle termpates the startu
temppigyr €SB HEtor By e EBPRBRTOP T eI A CEIeS [HORSPIORS hd
contacR@n hdditioh et Bf H@RHincABASRafysQRdSLEHIR s whig¥sult in
charges it to fractionation colum 6 which acts as a

furthiereohearsion of unttacipd puyassate ¢o propiiigoe arthvasidwy oghee by-peeducts.
v SEHE Sl A R B B BB on
minimizes coking of the catalyst in reactors 2 and 3 to the same degree as in reactor 1.

[0063]  Line 11 withdraws the effluent stream from reactor 3, an appropriate cooling step

liquefies a substantial amount of the water contained therein via one or more cooling means
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of acetylene. Fractionation columm 6 produces a bottom
fraction 15 which essentially conprises the C3 1
wW@eohioad1sof the material charged to colum 6. BCT/URM0OI@30075
withdraws a drag streamfromthe overhead stream 14 to
control the buildup of C and C2 paraffins in the
et hyl ene recycle Ioop The et hyl ene recycle | oop may
equi.r tre nt. of . the ethylene ric
such i Rl tons s P er AR EoHE: Aad BRRrO e e s o etbiesphase
sepRYafY.Sdine B Which dopns0f h)%r&ia%nf\}aﬁ@ﬁﬁhaﬁ@tarlﬁﬁﬁd hydrocarbon phase and
concentrati on. Any suit'abl e means may be used and
a watet phase centeigng Higmifigant apolinef azy wiretcierboxygsnatp thay ascapes from

R T A A

contiftioas ehis iﬂv@ﬁtldrﬂe)@@&s HpRs b Yilhisa! lasowhi df EREARtddy derfale into
10 vol -% of this stream Line 14 cha;ges t he remal nder

zong > anfdo achipeeP eral bepnversionos ekrgenatesgehpchieving through 1, 2 and 3
reamvia |ine 8 The present
Ofﬁﬁvé}n&%ﬁ{Jrirl%ﬂi%tglg)éﬁ@ocﬁ&tehe et hyl ene-rich recycle
[0064]r eaiidd Brwithddamws Ithena&;u&éust;ﬂbmﬁmntsbparhﬂor 8eArdefcstiam taken by
zones butﬁéhe drawi n icts th?ﬁpreferred flow
line:d3, dippspeph SUMHE Welthr 3% i rrevelat SBgRet grater girgam into
adnfiki¥d AR tho ng el AR ﬁ&%‘dhto? hhé‘ ssﬂﬁ% H@hn Lo, B&d
conver si on t's exposure he maxi mum anou
addatiomh@dn&bbsoﬁ:\mtai ﬁosto ®actbts Zdndv@sfoir hoaﬂu@‘pmp(&sek hmdapartlal pressure
cto zones. [ 0066] Wien the .C2 ol efn-rich stre
adjy iR ’Shff fition of PP oTTigHes ?hééF?t““Qé’éW?leﬂ%PSE prdection of
dﬂl{éh@@%f i nvention may divert at |east a portion of
this streamto hydrotreatnment zone 30 by neans not
[0065iown A bme 1 hwitbditamstai vaporghasofjemaepaatood antleharges i kefrectionation

colGRE FriFERY BCY Aresh st A0 ORSOTES AT oRD EppEaigh gyerhead
fraclloiviI 13 thdtRE® c%ﬁtaﬁ[kqnﬁlor ﬁlﬁ@@ﬂtQBf ethMienlisB@S ndthané ahd #Afe amounts
9, reactor 3 lines 32, 21, 22 and 10. [0067] Line 15

of agktategestrastéonation pelvami Gprodices Abotomtitastion 16 avhiftlbessentially
d
Ccon),

BB o e el PR BB, SR 1807

stre@ifnl fth fAied oveiidd Gtregh M@ ast@firol ke Huildas bf Ch Ave i pafafﬁﬁgim the
whi ch cont ains mnor anounts of by-product propane

ethyjaneterygle loop; Rhe gthylgne rrgydadoapraahisaneadditienahirgatuent.of the
e 518 {20 GEh o ML AR TR 58 SR e it o

a sighifioatit angharctopestitation. fogmuaalbla ieads n{a@%&]sed.amﬁn&lﬁde a
passes all or a nmmjor portion of thls ottomstreamto
denactpagider GRlURPe # SRAERAIEAERATRRAN 0P8R dFom ARG SRRt g pRnbiane Zone.

- £ o
Ling 1831865 Flo 5 PRI HANCARAS el Bby il i b e d4 g more
typichiy gils camprictr dgeno vkt oftthie stredna Iiihe lhyhhrgdssrthammnder of the
Z0 30. Line 31 contain squ|C|e t h F éﬁﬁ
OV%]?%S strearp fyrepgior 1 ﬁé?’é%théi NEFGE 6geh ﬁéfF Ilae 105t 8- hgregsent
t
S Ao PR i R cen th three
rea«ztonz(mcs butitbe diavking demeis dierprefgrrbg ﬂpwgmmgemmt that charges the entire

1»—-

amount of this ethylene to reactor 1 and results in superior ethylene conversion when by its
exposure to the maximum amount of available catalyst as it flows through the three reactor

Zones.
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catal yst at sel ective hydrogenati on conditions

effective to convert substantially all of the highly
waer®asd7as ed hydrocarbons to the correspondi ngpoT/882005/030075

The specific conditions in zone 30 include: inlet

tenperatures of 75 to 15C0C, a pressure of 101 kPa to

405 MPa V\,hl ch is selected to maintain a substantially

| iqui nin one 30.an LHSV of to
rooge ™ Yy SR T, 085 tiarasa oS s B S Sameie staitfan{cetyiene
the Y&Exﬁgﬁﬁrﬁtlbﬁ% ittt at%e%f h Poz‘tﬂoﬁ R EAS Yiedagh ﬁ)tﬁ;@%ﬂeatment zone 30 by

ubstantially free of highly unsaturated hydrocarbons

mearsaiot blzosvimioe ithe ssdestipohydrogenationof the eedtplene pm}emwlﬂlylene The

1,2
resytBRE BV G TR Cateingiih FRETS s wRd siiyrd P P ror 1 via
lineb32\4ak 8%?6@6@ RreS Bhaal3Ry 2 Ladd9, Zeattdr-Phined 3002 L @ntahA110.
of paraffinic materials in this C4 1 oI efin

bui | du
[006'élcyc Léng b%fharg@ctb@jiﬁmat@r@ﬂraf thadettem strgam by dgpropanizer column 7

f t
o B sDhRE S RUS LRy RO ST g e pncip
probiyd soean of teairednGhveraionfand witeicdaindiss ot aaounts of by-poduct

and 3 viia lines_32, 2 1 and 22. Once rec_ycl
PropaneA¥EEAS: Linend athdravesdhe pottna stazam ahi o eledig-tich material which

I
pringifly;cebiSe (' CM o Bleph At ARRIL a7 ool s of
buthlwkrﬂg:entaheﬁ@heeblﬁﬁmml efin-rich stream fl ow ng
32 di vi ded d ed
l00ﬁ§Jr Ou&é‘ilq L?ngasaest Ortalff\f/l'al@? P@%}gﬁ of §n &ft&iﬂg ?@?ﬂanyntq %C?Eecuge hydrogen
tre ebﬁ’c%ﬁé B QhidEcpaselnk He%":b(ffa gd?%%fi&dﬁ‘ Jé@c{ly%%ﬁlgﬁélﬁg 0.01 to

assed to reactors 2 and re prerera
5 wi-Go Bﬁkellcdn #pabus demint mppmrdum 3btharpéssa It[yyiﬂmgfgamh stream to the

hydrisfi G zops 36, e 31 Soiaind SR PihOam G afd s Qoge 5 pples of
hydr@%e%gael/ﬁio‘le/@ﬁhglﬂ SinSAthlafAeS R cHrboRs emﬁgécptbszoae 30d1Im3zone 30 the

Once the three recycl e streans Tl ow ng through
C4+ ph:éa—rml strpamaand tidhydregeanstiaard contask thy nzckelncqnltmmng hydrogenatlon

4 T s b 1P bl SRR oo
highly@indatatatddiielid Arbone tathe Sbrrbpdading GRifRd THe sheafit @6r$dltlons in zone

2 and 3 functioni ng as ox%]genate conversi on cat al
30 welpdasinlst tmperatites o€ dn il 6o prasarg et 101 kPe A awhlch is

sold BB itRA, ARALAARAN o RYHEDBLRI 6D fERIR £RMS Y of 110

process Vi

30 Bt'hIDihe 82 withdkawsefeos b@nessor £ERAREL If;'drdg&n ltiented T -+aséfin-rich
then with a water diluent in line 13. The resulting

recyelerptean @ihstaatally free efrh;ghlﬁﬂl@ﬁ%@r@tedéwdmamon%ﬂ@ghmv@l less
potgﬂt Bl T'(fr éﬁhﬁ‘@ ﬁ%df((:){] hRRR in G ip O11 te eb%t}’o Osz %}f Gﬁ% :rp[‘léﬁe 19 takes a

eri a or 113 arge
draglsvtéam &ofﬂ ones32 infam aneamt of 1 o 15wa-%and erefaablyi lcmssl w01-% in to

cr.i af t swtable heat tqQ the propriate
coqhﬁ @elc{) mﬁ? pig matesgrfsip ¢ tdéqugfxlﬁggéﬁé(cgﬁ?%gh t he
of I
10087E reEﬁf*e?*%‘ﬁg Prte o ffteldl AGRALE Blrodet R TbA R A"
intaycrameetions ovitlr kidea i thet tpgethm provatiehydibperetn¢ated Ggfolafid reactants to
realgtlggﬁl é@pd :jvgg 1ﬁgsr ﬂ @3@(&_}1 %%Qct:}}c ¢ operat}ollqng cgn%lnae}ul:e t?legle lines are

unblocked to facilitate the return of these hydrogen treated C4™ olefin recycle streams.

Preferably the recycle of the hydrogen treated C4+ olefin-rich stream flowing through line 32

is divided into 3 portions and charged in parallel to the three reactors. Preferably the major
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stream After suitable cooling to achieve the
prescribed inlet tenperature set forth for reactor 2
WO b@otaed ti ng m xture enters reactor 2 wherei PCT/US2005/030075
makes a passage through the bed of catalyst to produce
an effluent stream Line 10 withdraws the effluent and
flows into adm xture with an additional quantum of
.el ativel y, cool ter diluent fromline 29 and a
porliiPs piRe oqRset s mior BTos b Brsord Batae G e 3 andmore
prefeRibly 6@to $0 G090l JTeeAdtal AnbBhit TS hp@ro@én frlfed €3t blefiRGich recycle
m xture to the prescribed inlet tenperature line 10

stregtaal flowesrto redegormi windines 3bandehwitbreqaaliportiansof 46 to ¥ vel-Yortow
._cat al her ei n, and, producti on of an effluent stream
Sl“\?ﬁ%eﬁxgﬂéefeaggﬁsrn%ﬁ?cﬁ%te guench and cooling flows

[ooi[ngr ou@hct tlitethiel ré®ycldutRemp flasenSHhpaIghtlined 13,0Meand. 32 are up and

0072] The anount_ of dual -function catalyst utilized
runpipg ten the gartup sode of thedastant dayentian is teraingied agd theful repycle mode

. r I
o B BLARLAEE I SERCAEAl, SISl Sl EEABSFABokf 2o
functiagiods dkyglieae thwversidradaydyst bhdwsolefin irtactaverdon catalyst. In the full
line 25 and jn,reactor 2 when the catalyst flows fraom
recychamegds an alcghelictvgenate yeyfoedappentess Giegiragnsy via line 8 and
adnbiSECH R 8 fikst efal llgﬁgrigh fe%? Wy SREB4 LAt éﬁﬂ‘ﬂﬁﬂhen with a water
anount s of - cata yst In e Lhree zones or with s
dilwdhtindinerl 3wlthe tesolfting pgmostiegiasiey tthe ite36¢honfoftline 32 otleeke mixture

.catalyst in each re ors 1., 2 and. the remaj ning .
with 3 adaBena) GpEggty A e b oaiics pGU AP Bech g o Gaclr 1 This charge
mixdh@ HotvsGaloabyctbr Cin'£ithdle BRvAIkE dekfifblie@et QliBibRIfRating to the

1 ned out at operating conditions. Catalyst circul ates

appbagtristeainiet brenpesatoteor s via lines 25 and 26 and to

o0 oy e BossBes Frdpaliyf b srbrylmaaRgeR! e P | e withdraws
the SRS VMIGnRI Nhe 28 aHISIn éﬂﬁﬁfoﬂﬁﬁqdahﬁ?edﬁel‘éﬁﬁelﬂr 88 Wefler diluent
using a | ow severity oxidative procedure as previously

alorgddlinest. advis en pddjtined aupmity 26the ralativelp coeldsi asfimyich recycle

nea not. own..an, oxygen-.cont al fi S _stream

srel Adieh Bl o B8 B SRk P it R e dorth for

rea@6r AtHRUBIuIGAH MG htckPreattoPD he e Uik O E_@é‘sag”e hEjugh the bed of
portion of the coke charged to this zone. Line 24

catd e Brodyceanefflapgistrean, kine 4D vathdewscihe efftnent anddflayys into
adnixRES whth an 2fcitiBhaiudth BrehBGdl BRI BLERAAH SRk 29 and an

react or gas ‘str
additivnal duavitian af telativelyodoos BaWwolefihGichahatéhial ffdrotineD2. After cooling of
catal yst_ around this cat agst circulatiagon circuit |

t
the sespligapixfuse i B iscrbeckinist (rapesriueing dhdelivea the R t0
readt0P3 AP Woitalf whE R dafaly R idikéh me gltr?g{lé’tr;tfn AGh! fileht stream which after

oxygenat e conversi on and propy selectivity a
apposaiatesquenth afid cyuding flowsdhiouginkine At tothekienghaye $dparating zone 5.

talyst particles. flow around this. ci it such th
00%}: o ﬁﬁ’my §Fﬂ°b‘8? fe’a! ekt peaptatibeain O saciss & Aand3 can vary.
' 1ol ml
Redfifls ? ahd 3 oky Sliin 1nh afiRilna MRl @Aflclupl B Mg hmount of
deabtpehition dlids @acyph aseadtoniwhian de-qatedpst flswp & sacior 2 giveie 25 and in

rea%lﬁ;af 8\/5%}1 g{;h%l{qlgsz ?]gxrzvg lérbéh%gggf?} I&cpatalf?tﬁr gi%s Ln&e@d li’?er}grgbly reactors
1, 2, and 3 run with essentially equal amounts of catalyst in the three zones or with a division
which of approximately 25 to 30% of the total catalyst in each of reactors 1 and 2 and the

remaining 40 to 50 vol-% in reactor 3.
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recycl e stream containing trace anounts of diene and

acetyl eni c hydrocarbons and can conprise a gasoline
wEe@dnsl7sst ream of the present invention whi chP@EYS2005/030075

require further treatnent due to the high content of

olefmc material that is present therein. Preferably

the liquid hydrocarbon phase of |ine 32 passes to an

oo, B Bl B SR AR Pl R e PP bR b
opel#Rg oRdiBAS. ARk cMhil1ABs BRedfths §tREdrs VRIIheh 25 6AGLH and to
treated therein.” The resulting hydrogen treated stream

regpeerzong 47omBng 7 \Regendrafion e 4riamevesgh deaseepertien of the deposits
back r L. ' . . g
o B eaFRRRE Sty Sl et R BRI 1ty oxidarve

pro¢ddife a3PprédeaslE efplsinbd (The e gdnetion Lo aled toreivdsSby hrhns not
conprises the olefin-rich gasoline {;r oduq)t stream . The
shopnap &Ky e~ eRENRIBINE @as PE@pE eqining - Stechval e oryganwhich and

L ofin.ri : .
sl g AT S b L OFL £ e ok

hatped td dadzaier Bae2daompictel « @tdlyst cobalntadeitmitzdefiae By Vines 25, 26,
ca?%nes BSZan 17 for selectiv yhyg: en ?fe;tnent 3¥

27 a2 Advere CuHn Al iieactay Liveie Ar i gs s54p & withdravm from
zon€ AVi£3 RO N GoRhef i n. CLAIMS: 1. A process for

sel ective conversion of an oxygenate feed to propyl ene
[0024npr iThe Algwt ¢fecati yspsrouhd thag catalzisttcinaylatire cioouyigie seleeted to provide a

feed and a diluent i n _anoynt  correspondjng to.0.1
catal}iT pg e cytig ol 0P HERE BUPS Pt SRglyBrhelin pygenste
conf&tonfaHa %Fdﬁ%f'lbn% atRbaly 4 Pheir Ryl cBhditiBhs. HRYRlingly the

having the "ability to’convert at least a portion of ~°
catalysé partiglpe flavearpundddisalirshit suenidat acatalygmesivleds resiznemidime in

+ olefins to C3 olefjn,, in.aseaction zone .
readlirs Lap g i Sractedn A0tmob B Pbig i P 4 for regencration.
[0075jaCt DinedTeWRhdralvh e 1B@ES JafonZ MBS fir6m ANE-PheRE s@parator zone 5. This

oxygenat e conversion conditions effective to convert

matetial gsrgigly &8s indhp geseline range and eapERPIESR 28p¢qnddp T olefin-rich

reo ¢ SRR AL eI BBl TPHEE 0 oty i b ELb QR R A an

d’a roduc esser a

conPrBt alpasdhe mddict ftcanddf the pfesent S@vtention edidhydaporguie fgther
and minor ampunts of unreacted oxygenate

. by- pr.od
treagRgh) AWALR B RIELSRILEN g eleGnEHTEeA) AP CaPIS AR Lisfin. Preterably the
liqtfilcg Rg&%&é}bgﬁ/ £C 3F RROSS }%%)sesqasaﬁ!aﬁgitigﬂ fﬁ%ﬁgﬂ#ﬁﬁh S§3tpriﬁ Bhumn 33 to

separation zone a therein coo
reco@p amﬁ digfinibeick bi-¢triemt stetmedaniined s ahleastpopartion of which can be

fraction rich in ol efjn, water fracti
selecHmel hydrogen Hepaiad %%;Epn_bx@@waﬁen&h&élsgerb%aa%ﬂ@%tream passes to zone 30
via RRYSRNAEE7 e&ydid cg tEVAEBREAT, BOR MY BFbo9flle 2 means for additional
contal ning heavi‘er ol efins, heavier saturated
conkgrdionad hbanysolefiies toipnayylaneoline S 3 atcavesraiatiom stream from column 33
thath%gr{p?{:sgsr f?‘lg r2‘.)?6:6'1n—rich gasoline product stream. The preferred means for recycling
any such second C47 olefin-rich stream is with the bottom stream from column 7 and in fact
this second C4™ olefin-rich overhead stream can be directly charged to zone 30 via lines 35
and 17 for selective hydrogen treatment of the dienes and acetylenic hydrocarbons to the

corresponding olefin.
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c) recycling at least a portion of the water fraction
recovered in step b) to step a) to provide at |east a
W@ohioad15of the diluent used therein; d) separBCT/D§2005@30075
vaporous fraction into a C2 olefin-rich fraction, a C3
olefmrich product fraction and a C4 olefin-rich
fraction containing dienes and acetyl enic
CL Qﬁ@carbons; e) contacting at least a portion of the
olefin-rich fraction and hydrogen with a
met gl -ACpricadsTongldtyide oaBRa b106F fad:FuMsdte fled SEhRPYIe€ comprising
hydr ogenati on conditions effective to convert dienes
thesteps aEet yl eni ¢ hydrocarbons contai ned therein to the
cor [espondi . . )
or R TERRL B B B cbIRE R e T R B Esnonding o 0.1:1 1o
r esul t5: hphoteslof diliste bpyr fylrofokegdnatt With dudifehdtionrdatilyst containing
fraction to step a%qto ?pgﬁﬂpe the yield of propyleﬂe.
2. Thé Prlsedasieie, havingihe affity & spovRid atlepd aroigort of the oxygenate

CONvVens t?,rbl&fn o ‘?ﬁ‘t)é&%ﬁ@érﬁcé gxr?g Vc'mgﬁ g?ecfg{% 26 gg Wetth, in a reaction

process that operates by wt nt al Ai ng
dual - fzone tomainingtah loasttqnarfixied bed of momingbed resatirivdmrein the reaction

zone, oxidatively regenerating the w.t.hdr .cat al yst
par ¢ | PR S peif oLt R LAl I en SROIIGR RS Ip convert the
str ea'@xﬁéerfa?egt%rab%ﬁll&fé t6 ?}&Huk‘,é_ﬁn BBfubhiCdtR8miBntaMing major amounts

reacti oh“zone at 'a cata yst circulation rate throug
t he r edatGyolefiopmdsel adtastatenby-prodiiet and lesseranzdupss of a Cy olefin,

onstream le ti qf 40 urs or less. .3. The

ot oce gt d0UTET OB Crn SR SR oo Aas apiForpgpunts of unreacted
0XY genglBerlate, BR-pROMSESSHRAAES, icdls, abitPlRatc Iy dFdtaAonshnd aromatic
containing 1'to 4 carbon atons, preferably an al cohol,

an et hwdrocarboas;dehyde, a ketone or a mxture thereof,

S SN T LA o T —

1, 2 qhe SffNERT sBieAmtif® aCkipbrout Rattiarideinalyslefis GNvateNfraction
a zeolitic nol ecul ar sieve, an ELAPO nol ecul ar sieve

or a reoRtaiiee wareagied eprzensie ant BY-prodyrloxygenaiessindid liquid

I ' . t '
ool S50 B e B LSRN e earbons
mat er iapl nhiavi agountsséfarchptichplodaesgendi ng to SAPO- 34.
5. The progcess as defined jn an%/ of . claine 1 to

: 4
whefkiAcychag atlsatt ppartiog e theWatsr Hactinn reeatered instsg b) to step a) to
fixed i . .

e 1 ndio| 4kt 1B, BERELARAR RhPusc mllE, b 0Cess a5
et d) -separtidigiha gapordusofyaniahiino acky alefisirichdrctioms C3 olefin-rich

ni ckel , pall adium or_platinu n a porous. support. 7. .
The prie fraefioneodiiden | glel@pg}%h&@cp%&) BORIHBIG; ﬁgl)feﬁ and acetylenic

I'i qui 4, aysiuaeasbon fraction separated in step b) is
furthelyaseparat’ed into a naphtha product fraction and

a seraodtatdngat least a portion of the C4™ olefin-rich fraction and hydrogen with a

metal-containing hydrogenation catalyst at seléctive hydrogenation conditions
effective to convert dienes and acetylenic hydrocarbons contained therein to the
corresponding olefin, thereby eliminating coke precursors; and
f) charging at least a portion of the resulting selectively hydrotreated C4™ olefin-rich
fraction to step a) to enhance the yield of propylene.
2. The process of claim 1 wherein the selective conversion of the oxygenate feed is a

continuous process that operates by withdrawing coke-containing dual-function catalyst
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olefin-rich fraction containing dienes and acetyl enic

hydr ocarbons and at |east a portion of the resulting
w@ewonsB7® ol efin-rich fraction is charged to SPEpPUSY0N5/030075

8. The process as defined in any of claimlto 7

wherein at |east a portion of the C2 olefin-rich

fraction separated in step d) is charged to step a) or

to step.e). 9. Th defi. i n. f ' . .
ol 5h e SR BER Y S bE e PR 3] s i
regdteffioh Roid £ Blurhif§ h\4H6ard of RIFRAEAlel batalikt pHtidles h3hP faaction zone

a pressure sufficient to maintain |iquid phase and a

at a kglysofirdalation 24te trough the reactivn @onsy sslested ta sesylifin aedtalyst on-
eGPl BE RRRITORL ST © e v 0 bed reactor

r espeThe bctdts A¥figeN@tctime & br 2nshentih bhe @sgendte isoart dxgygen-
subsst%t@rytgg g]h]ghﬁglg gm?a{térgalf rclzgrtltiai(r)l?ngcla%oai gasrgorg th;ns,pﬁgf?é%a)ly an alcohol, an ether,
an aldehyde, a ketone or a mixture thereof, and more preferably methanol or dimethylether
(DME) or mixture thereof.

4. The process as defined in claims 1, 2 or 3 wherein the dual function catalyst
contains a zeolitic molecular sieve, an ELAPO molecular sieve or a mixture of thereof and
preferably the zeolitic molecular sieve has a structure corresponding to ZSM-5 and preferably
the ELAPO molecular sieve is a SAPO material having a structure corresponding to SAPO-
34.

5. The process as defined in any of claims 1 to 4 wherein the reaction zone contains
at least three fixed bed or moving bed reactors.

6.  The process as defined in any of claims 1 to 5 wherein the metal-containing
hydrogenation catalyst contains nickel, palladium, or platinum on a porous support.

7. The process as defined in claim 1 to 6 wherein the liquid hydrocarbon fraction
separated in step b) is further separated into a naphtha product fraction and a second Cyqt
olefin-rich fraction containing dienes and acetylenic hydrocarbons and at least a portion of
the resulting second C4 olefin-rich fraction is charged to step e).

8.  The process as defined in any of claim 1 to 7 wherein at least a portion of the C)
olefin-rich fraction separated in step d) is charged to step a) or to step e).

9.  The process as defined in any of claims 1 to 8 wherein the selective hydrogenation
conditions used in step ¢) include a temperature of 75 to 150°C, a pressure sufficient to
maintain liquid phase and a LHSV of 5 to 20 hrs. .

10. The process as defined in any of claims 2 to 9 wherein the moving bed reactors
are connected in a serial flow configuration with respect to the oxygenate feed and with

respect to the stream of dual-function catalyst that passes therethrough.
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