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CATALYST PARTI CLES, PROCESS FOR THE PREPARATI ON OF AN
OLEFI NI C PRODUCT, AND PROCESS FOR THE PREPARATI ON OF

WOANDESBENATE CONVERSI ON CATALYST Fi el d of t hePCT/EP2008/065876

Invention This invention relates to catal yst
particles, a process for the an olefinic product, and
to a process for the preparatibn of an oxygenate
conversion catalyst. The invention is useful for for
the preparation of an olefin or ol efinic product,
especiaII¥AIomer ol efins such as ethyl ene_and/or

pr opyl eh€T 2+ A5 partiidGiFar  t it S-F v enti oRFr BRERES 1O RE AN

conversiroNTOf pRIbXY Janat erbeests tragk TRt OrREPREATSN OF AN
Background of the invention Processes for the

preparation of ol BFGHASALEoRYOXEeat €8 TaFESknown in
the art. O particular interest is often the

production of light olefins, in particular ethylene
andEdelfr epytEnd "VEREIBRy genat e feedst ock can for

exanpl e cenpsi s dmihanek1andsor, dismhlykebhericand an
interesting route includes their production from
synPﬁ@§PSSg%§fdéF1@@doﬂﬁéhQ%@gyf tir aPN@as® oF Bfogess for
coalngagibpLaid Q0 orFah XNl fe WBR0Q76135052 a1yst. The
di scl oses a process wherein an al cohol and/or ether .
cont-avAPhgODXYYerrare Lf Eelst Otk EndranashetPhi et co- feedin
ar e ieget edi N S he Rresence. 0f1 18 289kkt 8188V NG uen as
one-di nensi onal” 10-nenbered ring channels to prepare

an Grteviane FEHEL GRORYXENE e, Tradiriierefrh Part Igivepkéon
obt ained. ol £f L J23CtL o0, N XS @4 Sheey &A% i
oIefier%lgceco-fee(jEC 6@th a n%t anol gg%for dinethyléﬁhépto
contcaehitng- f eedst ock, and an ol efinic co-feed

COMRLILRLNG. & ANAAHQr 5 (DRl L NS, an

Processes for the preparation of olefins from

oxygenates are known in the art. Of particular interest
is often the production of light olefins, in particular
ethylene and/or propylene. The oxygenate feedstock can
for example comprise methanol and/or dimethylether, and
an interesting route includes their production from
synthesis gas derived from e.g. natural gas or via coal
gasification.

For example, WO2007/135052 discloses a process
wherein an alcohol and/or ether containing oxygenate
feedstock and an olefinic co-feed are reacted in the
presence of a zeolite having one-dimensional 10-membered
ring channels to prepare an olefinic reaction mixture,
and wherein part of the obtained olefinic reaction
mixture is recycled as olefinic co-feed. With a methanol
and/or dimethylether containing feedstock, and an
olefinic co-feed comprising C4 and/or C5 olefins, an

olefinic product rich in light olefins can be obtained.
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ol efinic product rich in light olefins can be
obt ai ned. WO2004/ 056944 di scl oses a process for

W@ e@ek638g7 C4- C8 hydrocar bons, to prepare ol ef i PGI/EP2008/065876

especi ally propyl ene, wherein a catalyst with a

conmbi nation of ZSM12 with either ZSM5 or ZSM 23 is
used. No reference to oxygenates-is nmade. US 6 797 851
descri bes a process for making ethyl ene and propyl ene

f rom anwoxy@enate dieedsc Thee ProGessess eoNdiet®d nighca-cs
two stages using two different zeolite catal ysts,
whePEPROPAT R £ iHOs PTEPARR OX§géiTat §§P3Féajcjoﬁh\}’éﬁotpéf&ef18'

a | kgbtcohed i dhistineamyi anda wenginatiBnt be second wstage
CA+ ol efins produced in the first stage are converted

to &4APEF ofEll2tHylZeNe2ands propll dReFETRESDTT Y Zeol i te
thabxygegg§@§Q§£qwk@r the first step is ZSM5. For the
second sta zeolite ZSM 22 and ZSM 35 are di scl osed

in expef? rﬂ%ﬂ Svdr PeaST Ebodt rECs Sef fTredtdigly ethylene

syst@aspwbb i did stroandnseepish stagreeat @hyStrddess is
separate reaction zones are discussed. Wt hout

di SEPASPAEEANLEIIBISIBARS 1311% (generafpyeHemadrice

t hat.othey o, Gatalyst $nCaRe b fked o gSupRBREdn e L R e
invention It is desired to provide a process and

sui caprereed diy st e aRi at s Prreddet POA BEeGightin the

ol efibRsngandydd @ panticHl ar ApRQCt iMBXhE 8848t age are
production of ethylene, froman oxygenate feedstock.

Acceravagted & faddstiagpecttvflqlite apfeBeapY teiventlitenonly

thereoh s proyided cakahystypald 't‘%Jee%l‘EQEfpétéé N% Fsm-5.
flrst nol ecul ar si eve havi ng one-di nensi onal

10- frebeRedse¢angt ciarRel seohiice &5Ye@8nanaol BEwlfarre
si eye shaying f@re%%'e@‘f{&éh@@a'vﬁl@ﬁd}@eﬁbo?ﬂﬂﬁ@nté & reaction

i ndi vidual catalyst particles conprise both the first
nmol ézgkars sy Bve IHgtt Bad second stage catalyst in separate

reaction zones are discussed. Without disclosing an
embodiment, it is generally mentioned that the two
catalysts can be mixed.

Summary of the invention

ITtidis desired to provide a process and suiltable
catalyst Lo maximise production of dight olefins; and in
aparticular aspect maximise the production of ethvilene;
from an oxygenate feedstock.

According to a first aspect of the present invention,
there is provided catalyst particles comprising a first
molecular sieve having one-dimensional 10-membered ring
channels, and a second molecular sieve having more-
dimensional channels. Thus, the individual catalyst
particles comprise both the first molecular sieve and the
second molecular sieve. Typically the molecular sieves

comprise or consist of crystals.
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second nol ecul ar sieve. Typically the nol ecul ar sieves
conprise or consist of crystals.According to a second

wW@epensssot the present invention, there i s proRCTHERR088/065876

process for the preparation of an ol efinic product,
whi ch process conprises reacting an oxygenate
feedstock in a reaction zone-i%h the presence of
oxygenat e conversion catalyst particles to prepare an
ol ef i ni gce@BLti PR PLOFHE LA WMHTRItN citNEhyi ghtkad ent
oxygenat e conversi on catal yst particles conprise both
a f |1P§F“Hb‘P%mﬁ%res|lév8rﬂ‘éW% orELEErENSPondle

10- peaberedi i ng channek snianst anseqond: sBI gedd s
si eve havi ng nore-di nensi onal channels, according to

t he CPF“PgiLS%%p@ﬂCt&fqgt RB PRYEHE Gh e Phask the § |rre§‘t0tlorl

and ;seeond Ml aGllsah 8l 8Y eSx@FendtiRt icaBl el yi il xeda1that
is crystals of the first and second nol ecul ar si eves
arepﬁFéééh%s|?PtHﬁ§P§éﬁeaBa?%?QﬂQ%c &$36ppoR eF 1B F 7

M xtieecoh Cdad)ivshipakibehes Wieke rishdhVigualyst
particles include one or other of the various

nol @GtFafFley VBRI EES PORBE 2 ot BT PrerEePaABT yS e éFgrad

an averaggedi siance obgbwsere@ iy t-ahn@bit heafd rstsecona
nol ecul ar sieve and a crystal of the second nol ecul ar

si ePe1Psul @5 S i9vaen haN 1av er e Partiséreasi geagiclishe

Cat%h%%kd@ﬁ%tﬂ&Hﬁﬁsf@E@Ee£§&hM:4Q W0k nl,£88: oT0r €
preferably mm or |ess, especially 10 nmor |ess.

For neth@%Héﬁiééﬂsﬁaﬁﬂ@c$%§”¥hé®é@éﬁégé peridclogesi ze
can 19@1%&%@1@1&%&33’ thhe yei ghisaver agedndi anetier, of a

statistically representatlve guantity of particles,
suclveasndfnel eLulEy wgeveO0any, PrEB@ Ny inokhg gpmsf particle,

par LisCLeso s M, &, %E@"th%' 8?'&%41%@;%‘9%%{%1&9 where

guantity of particles is referred erein as a bed
of padivifesl Rortistlher ishbpds wofe cat akst Parthieclvegious

the Skil] egr PErSAN KROWS AOW 1ocp

Preferably therefore an average distance between a
crystal of the first molecular sieve and a crystal of the
second molecular sieve 1s less than an average particle
size of the catalyst particles, preferably 40 um or less,
more preferably 20 um or less, especially 10 um or less.
For near-spherical particles the average particle size
can be determined by the weight-averaged diameter of a
statistically representative quantity of particles, such
as of e.g. 10 mg, 100 mg, 250 mg, or 1 g of particles.
Such a statistically representative quantity of particles
is referred to herein as a bed of particles. For other
shapes of catalyst particles the skilled person knows how
to define a suitable average of a characteristic
dimension as average particle size, preferably a weight-

average 1is used.
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to define a suitable average of a characteristic
di nensi on as average particle size, preferably a

wWoweiglotzsver age i s used. Preferably a bed of thePCHERI09$065876

particles conprises at least 1 wt% and | ess than 50
wt % of the second nol ecul ar sieve, based on the total
wei ght of first and second nol4&cul ar sieves in the
bed; preferably at least 5 w% and | ess than 40 wm %

nore preferakblyrats beastr 8wt %-anrdyisessat hadn 25 dvhilYrises
For certain enbodi nents the second nol ecul ar sieve may
be PlredEnttat es$ thafc18WedR aitll "itnd8éd hay® & %ss

t hamoldcwt Y based onathe totale Weitght wel gl &cWialist and
sieves in the catal yst conposition. According to a

f ur CREPNASPRLICUR Tt ReCPreseht ihwient i BRet Rigdlely $t Least ©

provi-dedn@ psocessif ab e, prepanatirenapiy af: oxegenat ers
conversion catal yst, the frocess conpri sing preparing
oxy §eflal 85 & oAt sioftcat al 95t CPdrti'c FBSOL ohpti ity accond

firsbiaehesyl afed e BavppgsanedicneBskopghn 18wts and
10- menbered ring channels, and a second nol ecul ar

si ev@IRaYi Y st &-=FiSnERST ohal "Ichaiiiers O uehe tHRfa 1t Heloht

resylet Bgeb it Vidual scahal ystehartisel esnsosise both
the first nol ecul ar sieve and second nol ecul ar sieve .
To fornfaceadly e EhevFiiret M SeConE FroP e A ar

Si evesear o YRG! 11y erbedded d 1@ BEN EXr YU 3RS aration

purposes of this invention '"matrix' is herein referred
to & PACPHAIFH ey oRvEF et candl torl Yitndéhe corpsfent s.

For CRAEaL P &M TBRES o3 fgdl XML GRTRELST NG 4RG ¢
first and second nol ecul ar sieves and matri x are spray
dri @drtécies mane iganal gsfipar ticdlesslaTypieet Ilpvang one-

M X{YRenSONPRL] Sidlgetibe ELT Sinand secead mphecul ar, g
sieves are mlled, elther separately but preferably
t og@hepynlar sieve having more-dimensional channels such

that the resulting individual catalyst particles comprise
both the first molecular sieve and second molecular
sieve.

To form a catalyst the first and second molecular
sieves are typically embedded in a matrix. For the
purposes of this invention ‘matrix’ is herein referred to
as including any filler and/or binder components.

For certain embodiments, a mixture comprising the
first and second molecular sieves and matrix are spray
dried to form the catalyst particles. Typically a
mixture comprising the first and second molecular sieves
are milled, either separately but preferably together,
before the matrix is added to form a slurry that is spray
dried.

Alternatively the first and second molecular sieves

are co-crystallised or intergrown. For such embodiments a
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before the matrix is added to forma slurry that is
spray dried. Alternatively the first and second

WOrR00006483T Si eves are co-crystallised or interpCDRP2008/065876

For such enbodi nents amatrix is typically added after
co-crystallisation and the resulting mxture is then
spray dried. Preferably the eaialyst particles
prepared in accordance with the further aspect of the
preseRtiknyenthon-ane Heeed 4t &Plocessst Al BLLaidanead
with the second aspect of the present invention. The
pr oC88sTHF It he 9 AeRtrental FERYNTELRY of ol efin

product bpdseidbiRakhiccubas1 gdthylphe cand/ prefapyliene
production, nore in_ particular a high ethyl ene nmake,

f r oRCAAT BRYR AL F@@dé%@&e%oﬁq% g EDG. PHRYHANOI

andhekedt it hlethen ini b pascdeen of aupdrddidte aRth the
oxygenate conversi on cat al St conpr|S|ng or conS|st|ng

of ~GRFGBAat B LINVEr §P8npﬁ%?%1?tcllé§’eél668fldl ng to the

presentrihventd.en b8 pesticuhanby etfept ive forithi se
purpose. It has been found gartl cul arlé/ advant ageous
¥,

t o &Pty it Ar edie@lt 1ty sE0f BAr EbAVELR INGYacread i o

M Xty eenprisidg @anol ebipi ¢, qosfieed 1bp addi 4 o @ ane
the oxygenate, to an olefinic product conprising

et hylééite AREIF OFD propriene. Lexanples C@F“Péﬁséalsk?g%ffa{ e
thatycanibe used asiheedstockein tihe present chnventien.,
i ncl ude al cohol's, such as nethanol, ethanol,

i sopropanels fé@fh‘iﬁ%@ngpyéélys@rfbmﬂréﬁéngl 9%‘:043%313‘61%’ of
ket enﬁ%hc&%&%%%”%a@@gcﬂ@é hyl el.hyl.ketones. oresent
al dehydes, such as fornal dehyde, acetal dehyde anc}3

pr omfﬁﬁalté@hyd% Pattiend arshcht Bectdivirettbyl eitherpurpose. It
di ethyl eLbar foﬁf@a @A&H@Ahswﬁ adJﬂtfa%@sqgowf%bl&}mhls
di oxane; epoxides such as ethyl ene oxi de and propyl ene
ox|(g§taém§ta@©@3q0QMgﬂﬁlag acetdetion mixture comprising an

olefinic co-feed in addition to the oxygenate, to an

olefinic product comprising ethylene and/or propylene.
Examples of an oxygenate that can be used as
feedstock in the present invention include alcohols, such
as methanol, ethanol, isopropanol, ethylene glycol,
propylene glycol; ketones, such as acetone and
methylethylketone; aldehydes, such as formaldehyde,
acetaldehyde and propionaldehyde; ethers, such as
dimethylether, diethylether, methylethylether,
tetrahydrofuran and dioxane; epoxides such as ethylene
oxide and propylene oxide; and acids, such as acetic
acid, propionic acid, formic acid and butyric acid.
Further examples are dialkyl carbonates such as dimethyl
carbonate or alkyl esters of carboxylic acids such as
methyl formate. Of these examples, alcohols and ethers

are preferred.
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acid, propionic acid, formc acid and butyric acid.
Furt her exanples are dial kyl carbonates such as

wa@lRowebsglr7 car bonate or al kyl esters of car boxyPCTYER20$1665876

such as nethyl formate. O these exanples, alcohols
and ethers are preferred. Exanpl es of preferred
oxygenat es include al cohol s,-stuch as net hanol ,

et hanol , isopropanol, ethylene glycol, propylene

gl ycol ; eangh1disabkybretbefsg ssiyenasedi methydetzhebnols,
di et hyl ether, nethylethylether . Cyclic ethers such as
tetF&ﬁﬁdﬁéfmﬁ?%ﬁPQﬁuj9§P8§8ﬁe TR G suftaptere apECls

OXy gehatecdsesh §dbit;henpr aeessy BCaUHdisng stient he
invention is preferably an oxygenate which conprises

at 1%€gSthEnet by gén-Bondes ar kwetd}ydﬁﬁhﬁﬁ*éh%lf kyfyelic

gro%ﬁhﬁE@fgﬁ@@|é%|€%ﬁ%a@%d§6f@i¥ﬂ|aﬂﬂwﬂi@xaheﬁ are also
conprises 1 to 4 carbon atons; nore preferably the

al k1" 1§P8UB- conprises 1 or 2 carbon atons and npst

preferabﬂa'dayée%@keoasé@&&n EEQGp@éM@@Qaéébdﬁaln%OHBftﬁ@
one or nore of such oxygenbonded Cl1- alkx gr oups.

Pr efl@VaBIFyONt he RBGfGFerale epnpfyE8s tonahoF twamprlses at
oxygenshopded. Gyt alnkivh g1 QPDSyr VY. em@eggégp ?/ cﬁj@

oxygenate is used having at |least one C or
gr olF SIS RrPLY nb¥ & priefér abkyl a¥r @astl -6necarral 36A 1 to 4

gfo%%rb%ﬁe£€6@?lMmhﬂ@p@é%!?&@iﬁ i chesengteomddi®rises 1
group of alkanols and dial kyl ethers consisting o

di metthyl épheen iwtshyret nept pretipdadtlvyPeghepsbon atom.

net hﬁ%‘)'ox?{g&ﬂé@é"ca@ﬂ%o‘r@?@é@%‘?&'or N A oxygen-
t her eof st preferab t he oxygenate i s nethano

d|néﬁwvﬁétﬁérC4cﬁl&¥hng%pupé t?@?@ﬁﬁablPVeﬁé¢a®¥WGQHﬂ¥e
oxygﬁﬁﬁEﬁsggeg§£Qﬁkt%%n8§%ﬁ§§ BindLAsh 20 @&K@Pfgroups

nmet hanol and/ or di nethyle nore preferably
More preferably an oxygenate is used hav1ng at least

one Cl or C2 alkyl group, still more preferably at least
one Cl alkyl group.

Preferably the oxygenate is chosen from the group of
alkanols and dialkyl ethers consisting of dimethylether,
diethylether, methylethylether, methanol, ethanol and
isopropanocl, and mixtures thereof.

Most preferably the oxygenate is methanol or
dimethylether, or a mixture thereof.

Preferably the oxygenate feedstock comprises at least
50 wt% of methanol and/or dimethylether, more preferably
at least 80 wt%, most preferably at least 90 wt%.

The oxygenate feedstock can be obtained from a
prereactor, which converts methanol at least partially
into dimethylether. In this way, water may be removed by
distillation and so less water is present in the process

of converting oxygenate to olefins, which has advantages
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at least 80 wt% nost preferably at |east 90 wt % The
oxygenat e feedstock can be obtained froma prereactor,

wabiogkessohvert s net hanol at |east partially i NeQGI/EP2008/065876

dimethylether. In this way, water may be renoved by
distillation and so |l ess water is present in the
process of converting oxygenate to ol efins, which has
advant agesfor the process design and | owers the

sevebirt ynof phyciof kiesagh £0adidians thBeseadad tystor s
exposed to. The oxygenate feedstock can co rise an

ar1rm1}h’fjr PRt CpreféPapl jot 58 aiHah 10 w9gSSrore-

preferabhy d8sfrhanrbewtocibased coRpthee tHt almoMeicghE
of oxygenate feedstock. Preferably the oxygenate

f ee#St6EK RoMtHI AR Yes§&Rt Fiath ylond’thydm%%r]%%ﬁ"ﬁer@t%r less

t harnhaxygenad eSsadec€onl €68 than 5vewtg%:; preferablatd ess
than 1 wt% based on the total aght of oxygenate

f 0ed6PBEKOS n Difd SEABOH! FRRICX IR 0%y GERAP ST Contains

obt aisned: as1 g, LA gﬁ@@cQE@@W&?totherSXﬁbhe@k dEres, i.e.
Synt hesi s gas can for exanpl e be generate rom fossi |

f uell§sssiél]é‘ﬁrl as qu/@nlpﬁﬁifaF%}PlEgdseS@r toRP, Loft¥r dmseon the

gas'tt)‘tﬁﬂ?t\!\r@f?m S0k goHht abt & Jrecgsses for this
purpose_are for exanple discussed in Industrial

Or gani clCherk qudlKIeaEls et sserrerlceand MRl géna
Arp%ea@EQoﬁdéf&ﬂﬂﬁ:%%lg ntﬁ@@g gﬁ%ge%ﬁgghg§lsIﬂkﬁc@%okor

al so descri bes the nmanufacture of nethanol from
syntHespPse gas Qﬂ?eé@@% pgom3psqid an6ther Semboth fERm

the joxygenalgs i Qhtal pedefEom %%%E?Ek@’c%n sHch2s |

t hrough fernentation. For exanple a process as
desé&riiball$ roDEeASEE043641N1s mvramﬁer greufar example

embodiPBOL. 4 hlen OXYIERAL €1 T 6EASTQC l@h'e§115@§§t 6 1.0

produce the olefinic product”in the presence of an
ol effeasectmelieadd BynanJot et Mirrcorpdsedioroor Wiley,

1997, pages 13-28. This book also describes the
manufacture of methanol from synthesis gas on pages 28-
30.

In another embodiment the oxygenate is obtained from
biomaterials, such as through fermentation. For example
by a process as described in DE-A-10043644.

In a particular embodiment the oxygenate feedstock is
reacted to produce the olefinic product in the presence
of an olefinic co-feed. By an olefinic composition or
stream, such as an olefinic product, product fraction,
fraction, effluent, reaction product or the like is
understood a composition or stream comprising one Or more
olefins, unless specifically indicated otherwise. Other
species can be present as well. Apart from olefins, the
olefinic co-feed may contain other hydrocarbon compounds,
such as for example paraffinic compounds. Preferably the

olefinic co-feed comprises an olefinic portion of more
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stream such as an ol efinic product, product fraction,
fraction, effluent, reaction product or the like is

WQe@e0e8ebd a conposition or stream conpri si NgPOHEPHS/065876

nore ol efins, unless specifically indicated otherw se.
O her species can be present as well. Apart from

ol efins, the olefinic co-feed $may contai n other

hydr ocar bon conpounds, such as for exanple paraffinic

compoaundso Fref efakl yrehergbef iny:e edzheed wonprdtses more
an ol efinic portion of norethan 50 m % _nore
pr ePEFABF ?zbjr%rf?é?ft%éﬁaéomn s 'stWWHChm‘Bll%f pr et & Hily D

nor e chbapt 4 0o tMMe ruhi(ch . ot ef | dliCr ipaLkt LenreaNst St S160
ol efin(s). The oleflnlc co-feed can al so consi st

esséﬁPFéFFye%ﬁeQH%ﬁilH £5) LA, (fon- ol ef i ni ¢ conpounds

in the ghefidi-oiegiheedcafigoltf enabhy pasafdfidice-reeq
conmpounds. Such paraffinic conpounds are preferably

pr eséfit pF?lf%\WbalﬁbWaﬁﬁl?h% TARGE PO Bk PHT g C

mor @ cRpehesade igrtrBearapge-d90m Qnt andBni Y St ichlke
nor e referabéi in the range fromO to 30 wt% By an

ol efPRIPsTEMES St100d HAorBarft CTEdRpetng €onthf Miongeatrom

| east +bEwWao CRF PO atampoconhectsd iy, andenbl eahand.rofhe o
ol efin can be a nono-ol efin, having one doubl e bond,

or a&OpBFy-ol efin, having two or nore doubl e bonds.

Pfeferaﬁ%Yaﬂ”éﬂéﬂ¥% Q%eéﬁﬁéréibddW%nob§BbHi& ééhﬁd%%& are
nono-ol ef ins . olefins, also referred to as

but§Qé§aé&l%ﬁﬁﬁhé@aztbEW@n@aﬂﬂ§bfﬁ@ﬂénéon@ﬁ@ﬁQﬁ by a

but adi,8NE) pohd). RAL bGUkaR L4, mNQ- algh- bﬁ_‘éflr@f ®aving one
preferred conponents in the olefinic co-fe

Pr eflerabeybondherrran oPefialef do- f@@dngstu@edr niqrej gogple
'ea%%n@@”#@é%eyra‘?ﬁtya'o@@gl?é! &Js%%éc'ﬁ %ée@mfﬂfﬂ@@ob}.‘eed

recycling a suitable fraction of the reaction product
conpriesinpgo CAl ol igfsi-nC4Thée ki 4/l ed sar resanr «hows dsowutenes

(1-butene, 2-butene, iso-butene, and/or butadiene), in
particular C4 mono-olefins, are preferred components in
the olefinic co-feed.

Preferably, when an olefinic co-feed is used, it is
at least partially obtained by a recycle stream formed by
recycling a suitable fraction of the reaction product
comprising C4 olefin. The skilled artisan knows how to
obtain such a fraction from the olefinic reaction product
such as by distillation.

In one embodiment at least 70 wt% of the olefinic co-
feed, during normal operation, is formed by the recycle
stream, preferably at least 90 wt%, more preferably at
least 99 wt%. Most preferably the olefinic co-feed is
during normal operation formed by the recycle stream, so
that the process converts oxygenate feedstock to
predominantly light olefins without the need for an

external olefins stream. During normal operation means
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obtain such a fraction fromthe olefinic reaction
product such as by distillation. In one enbodi nent at

WO 2@81065807 Wt % of the ol efinic cofeed, during nRCTEP2008/065876

operation, is formed by the recycle stream preferably
at least 90 wt% nore preferably at |east 99 wt % Most
preferably the olefinic co-feed +s during nornal
operation formed by the recycle stream so that the

Progessceonyes tisy axygenat e« f eedstek ihaops eslsadrantl yr
light olefins without the need for an external ol efins

st ré&ren PROFF MY rcimal op@fat {Gh Grednst bt Mexdhpl €S- The

t he cgeul §€c 0f oo ERNhRUALISA OPERL idR 28heli NEr P Q6L St ernal
for at least 70% of the tine on stream The olefinic

co- PEEHCmyS Meed t 6 TBE BbEaAFhed T GrPahi 8%t @t alor from a

SOUMESht BHCHr &S, 00021 69t & Yt G ClbaCkhBgpthdds O whe@Mne
a naphtha cracker, during start-up of the process,

mheﬁe?ﬁél?%a%‘%cfdd%?tpf:%‘@é%s%%nﬁﬂ iCed PAET b CFHSUIF4'ei ent
CA+ okefthps . The C4 fraction contains C4 olefin (s),
but can also contain a significant anmount of other C4

hydr ocafFBor- S pecicéd oni AOPar it H%arleA1pas bf flitHs can also

becauseait i Sdiffiicuht Leo@conameaklycseparal@ Shn
ol efins and paraffins, such as by distillation. In a

pr eFEFFAES enbib IARSHCULRE of etaTAlid 166 f Bedaar 1t is

prefserably; also etc%%an%XP_\lAf St gam.conpki ses, Chng
ol efins and | ess than 10 % of C5+ hydrocarbon

spe®Pesftin? e Praf ésablydastieationy wt % of C4

Olef|nsinagdpfgféf%g§ eﬁbgggﬁénﬁﬁtﬂ7ocﬂk%qgﬁccgb feed and
hydr ocar bon speci es. The ol efinic co-feed and

pr efPseABE§LOBY stl Ichéheeegey el stytemmm canpt hspardd cdledins
contaikniats | east @ t,esalsofs 904, W %-0f 1,4 QQIQJP&N BeRe

species. In a preferred enbodinent, the olefinic
co- eedeconpy i Hed dagss SPhans 3o C4 oleflns, and at least a

total of 70 wt$ of C4 hydrocarbon species.

The olefinic co-feed and preferably also the recycle
stream, can in particular contain at least a total of
90 wt% of C4 hydrocarbon species. In a preferred
embodiment, the olefinic co-feed comprises less than 5
wt% of C5+ olefins, preferably less than 2 wt% of C5+
olefins, even more preferably less than 1 wt% of Cb+
olefins, and likewise the recycle stream. In another
preferred embodiment, the olefinic co-feed, comprises
less than 5 wt% of C5+ hydrocarbon species, preferably
less than 2 wt% of C5+ hydrocarbon species even more
preferably less than 1 wt% of C5+ hydrocarbon species,
and likewise the recycle stream.

Thus in certain preferred embodiments, the olefinic
portion of the olefinic co-feed, and of the recycle
stream, comprises at least 90 wt® of C4 olefins, more

preferably at least 99 wt%. Butenes as co-feed have been
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wt % of C5+ ol efins, preferably less than 2 wt % of C5+
ol efins, even nore preferably Iess than 1 w % of C5+

wWo@b@pess77 and | i kewi se the recycle stream | n BCDEPNS/065876

preferred enbodi nent, the olefinic co-feed, conprises

| ess than 5 wt % of C5+ hydrocarbon species, preferably

| ess than 2 wt % of C5+ hydroecafben species even nore
preferably less than 1 wt % of C5+ hydrocarbon speci es,
and rbukewt sepd e rtecychel sts@amiciRus rbA BeFH adthylene
preferred, enbodi nents, the olefinic portion of the

ol efPAPEC LB Feed, TRARE TEF ©t S REGYCICE18F H8aty * ST iF§E8C1e
at Iseashm 98- %10f cChcatefing, imererpreheradbdst als wrs, of
| east 99 wt % Butenes as co-feed have beenfound to be

parﬂF@HFﬁ??y %ﬂﬁﬁﬁqq§iéFlFo?“@ﬂRﬁ?qéﬂhyFéﬂ@u%%ﬁ%ﬂnqﬁﬁuFﬁPe'
Thergbotecdne patddiedkarly suitable recycle stream
consists essentially, i.e. for at |least 99 wt% of

1-but ené? Bt ienETPRAST AN 1 rdits F SV EbButiBrRAm can also

n- bubape; sé sehifanec buhadi £0e.pd Rreeetatd when a
enbodi nents, the recycle stream can al so conprise

pr opfFEREML NS e BECPret &t e WheH1anpart itadiady s©
hi gfﬁheeogyf:@ ion af; ekhyhengrds, desi bedausda hatcpakt ar
or all of the propylene produced, such as at |east 5

W %EREFedf T T SSheEepélr edS t BREINET WCBRTEAr of €t K .

The jprefgrred nolar ratio of oxygenate in the

oxygenate feedstock to olefin in the olefinic co-feed
dependsToh RIRLSFedi fPéabxyfeitatcd ggEdchnte tHe tgnber

of Le3GLhYEe OXYARN-PRNAEd, Bl Kyl 9 QUBSIBEI @I .co-_feeq
Preferably the nolar ratio of oxygenate to olefin in

t he depeafls ferd-ld epecatihecrwrry@tef uedlang Hhel@upsikeot
preferaplyei &§g{}%—%@ﬂ8@do£lg}ll g{r%u O tABfe 8L T 13 JREE b1y
preferably inthe range of 3:1 to 1:3.
the molar ratio of oxygenate to olefin in the total feed
lies in the range of 10:1 to 1:10, more preferably in the
range of 5:1 to 1:5 and still more preferably in the
range of 3:1 to 1:3.

In a preferred embodiment wherein the oxygenate
comprises only one oxygen-bonded methyl group, such as
methanol, the molar ratio preferably lies in the range
from 5:1 to 1:5 and more preferably in the range of 2.5:1
to 1:2.5.

In another preferred embodiment wherein the oxygenate
comprises two oxygen-bonded methyl groups, such as for
example dimethylether, the molar ratio preferably lies in
the range from 5:2 to 1:10 and more preferably in the
range of 2:1 to 1:4. Most preferably the molar ratio in
such a case is in the range of 1.5:1 to 1:3.

The expression ‘molecular sieve’ is used in the
description and claims for a material containing small

regular pores and/or channels and exhibiting catalytic
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In a preferred enbodi nrent wherein the oxygenate
conpri ses only one oxygen-bonded nethyl group, such as

woreaobaesslr7 the nolar ratio preferably |ies in PCEHEP2NY@65876

from5:1 to 1:5 and nore preferably in the range of
2.5:1 to 1:2.5. In another preferred enbodi nent
wherei n the oxygenate conpri-séd two oxygen- bonded

nmet hyl groups, such as for exanple dinethylether, the

ol actiatte pi efirr abhyebbesnidr thegeange £6 amdrid .t @ne
1: 10 .and nore preferably in the range of 2:1 to 1:4.
Nbstflﬁﬁ*éfIé?]a%ff%ﬁatfhélﬁﬁﬁaPaYldN i1l dsl%ﬂséo%aajselq -Qeppered

therﬁaag@hmnells‘i ahdl/erliBe JheRXRIESSLOAr ' T RCWHadh ng
sieve' is used in the descrlgtlon and clains for a

mat EPF & IEBH S Hilg COREN L egUl A Poress anit prmolecular

charnel s~ angbexhi BatricAgucat abytd cretiivbt yrifedh@es. a
conversion of oxygenate to olefin. The first nol ecul ar

si eVECRAVF ng® Sf%é?ﬁ@l braPe 10! menBered iRy cHarersar

and@@@v&heW@@&QQ@f@Qb%@@'§5 @éﬁyﬁjh%%bngescrlptlon and in
nor e- di nensi onal channel s (" nore-di nmensi onal nol ecul ar

si eFE®) Céaln§ - par ficd GFarabes £ Feol-PEE 671 zBHIRATEd CUAAT

zeoljet 8 b soinder stRod it 9r bgo Ak alumshest | hE&AE) one-
mol ecul ar sieve. Wiere reference is made in the

desEimpRp o ahd G memkeref af Fxd t@oanwePeddftarr siteygecond

thi §,68Ru1 A PArdIL WA nhend 28081 0hhe EhdSle1ls can pe a
mol ecul ar si eve havi ng onedi mensi onal 10-nmenbered ring

chafa&Fsrandf ol fifies egécbriele hotledidlgcuspevel HieRA Agving the

nor e-dLaEpSE ONA, FRanael §- can be 3, mf%SEUéQan%le, a mixture
di fferent types of noiecular sieves having the

r espéctPies ¢ hathelSYseruetar ¥s2s Spothopagkanp e~ a
m Xh‘ifn@ngio@Ml%z n@ﬂl%eZ@yl' gﬁ'lc}ecq‘lantn%§s bgélh kg@\ﬂs%gi as

onedi nensi onal -menbered ring channels, can be used
as ffilkst m@#@ﬂuﬂ&ﬂ'SSE@@e.S§W¥ﬁ42%M yﬁléﬁﬁﬁ@m©n®0re—

{‘Eg%%@ﬁ@%%‘@'mo'@c%‘i%aéié&@é’ eSCaR RexOhXed L0 QM

second molecular sieve.

The process to prepare an olefin is carried out in
presence of the first molecular sieve having one-
dimensional 10-membered ring channels. These are
understood to be molecular sieves having only 10-membered
ring channels in one direction, which are not intersected
by other channels, in particular other 8, 10 or 12-
membered ring channels, from another direction.

Preferably, the first molecular sieve is a zeolite
especially one selected from the group of TON-type (for
example zeolite 7ZSM-22), MIT-type (for example zeolite
Z5M-23), STF-type (for example SSz-35), SFF-type (for
example SS7Z-44), EUO-type (for example zSM-50), and EU-2-
type molecular sieves or mixtures thereof.

MTT-type catalysts are more particularly described in

e.g. US-A-4,076,842., For purposes of the present
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second nol ecul ar sieve. The process to prepare an
olefinis carried out in presence of the first

WOr00006482T Si eve havi ng onedi nensi onal 10- nenbRCEEP2008$1055876

channel s. These are understood to be nol ecul ar sieves
havi ng only 10-nmenbered ring channels in one

di rection, which are not interngeeted by other

channels, in particular other 8 , 10 or 12- nmenbered
ri ngnebanneh s,mfr am aaatsb@ér&i rectinenudfr ef erafdtypetshe
first nolecular sieve is a zeolite espeC|aIIy one

sel &ctled FrominéVgrouptof T4 yige l¢for exanpl e

zeol i t eT&SM 7 ,moMEEUL’LMQGS{é\QJs exampbeczeptit@ilarly
ZSM 23),  STF- type (for exa Ie SSZ 35), SFF-type (for
exaffPer 5a7d 44) © EUOYPypet (10t anﬁpé PORBIS dndhe
EU- 2rcby¥pe mleaular sbeves wnsmd?étr@ae@oth@&m{e its

MIT-type catal ysts are nore part|cularly descrlbed in
e. g SOSYRER, O7H, §4Y 22Fof i posésiof r the 2 and NU-10.

presentE@MﬁﬂﬁygymmowEIun§rcg&@ﬁéie%%@ h@réniz%ﬂk%dﬂd%ly
i sotypes, e.g., ZSM 23, EU- 13, ISI-4 and
TCAPF?Eélﬁ%¢eEUKh@'spévés4a§%7ﬁ%¥% P&Ft Petpatesy of the

desgribbed: i heiiddS Audz 556 otk lier RO o PUEPOSRES 10
the present invention, TON is considered to include

i tsliSebrypes,e ¢l g. ZSPsSKB22, Theta-1, 1SI-1, KZ-2 and
NU-10 EU-2-4yRe 70 @%HE@fe&'éﬁﬁ%&1%%ﬁt”9fﬁarst molecular
particularly described in e.g. US-A-4, 397, 827 . For

pur pésEs of thre DﬁrTe§éﬁﬁ,|ﬁw@htasor¥,SME@32 padfongi deedype,

to isnehude 4% Jdsqtypesg. €.9., ZSM48. In a further
preferred embodinent a first mol ecul ar si eve of the

MIT-t yp¥oletichirasizSh 23d zewd/idre &VPER aypefors feianase
ZSMd%%lhéde'ﬁdCh Malgcylar. si &ye 1ard %ﬁ@@téﬁ& Yﬂ%?t%b% € of
for exanple defined in Ch. Baerlocher and .

M Cdskette Databrdgeesft: http://www.iza-

structure.org/databases/, which database was designed and

implemented on behalf of the Structure Commission of the
International Zeolite Association (IZA-SC), and based on
the data of the 4th edition of the Atlas of Zeolite
Structure Types (W.M. Meier, D.H. Olson and Ch.
Baerlocher).

The second molecular sieve having more-dimensional
channels is understood to have intersecting channels in
at least two directions. So, for example, the channel
structure is formed of substantially parallel channels in
a first direction, and substantially parallel channels in
a second direction, wherein channels in the first and
second directions intersect. Intersections with a further
channel type are also possible. Preferably the channels
in at least one of the directions are 10-membered ring
channels. The second molecular sieve can be for example a

FER type zeolite which is a two-dimensional structure and
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Zeolite Structures : http ://ww .izas rncture.orqg/da
ahases/, which database was desi gned and i npl enent ed

wopoobebssit of the Structure Conm ssion of the PCT/EP2008/065876

International Zeolite Association (IZA-SC), and based
on the data of the 4th edition of the Atlas of Zeolite
Structure Types (W M. Meier13D-.H. dson and Ch.
Baer| ocher) . The second nol ecul ar sieve having

nor era@di BENsh@Nad —reharrrels ri sgyndefsteed ihg bave other.

i ntersecti ng channels in at |east two directions. So,
for FEXARPRBIY t HE'CIFEner $PFectefte i% FoPRedS of® the

substcarhibahbyeparadl lalevehanaed sci N @Enkhbstedi ¥ 864 1 on,
and substantially parallel channels in a second
di r sCEPBRLISWhER ST Fh&RAErS TRt eHe 9 PdEVanH2% o

di r eclohons, | Bt ef sealo-thpternsect tQNSiniinb h@sfah'éi@h)er
channel type are also possible. Preferably t

chafRelr§ Uit AT at 1§ Eas 198 Re PEE T EHEP B MEEEVE6Rs T af eSecorld

10- npnkenedrringychannelso1 i dbe secend pehesstsig si eve
can be for exanple a FER type zeolite which is a

t woMiLPERS FBNA} €6t rife Bhr BF antias B:0ldhé 160 newber@d-ar
ri ngsqdiRtersegti ng each other. Preferably however the
|ntersect|ng channels i.n the second nol ecul ar sieve

are eachRla0rrntbere@ir Fhy TeeinkeleCTheas e sédonas

ol ecylar.si ec\!&m@:)él% a,Zeplid %ar%c@e@%’% YR8 to
(silicoal um nophosphate) nolecular sieve. Nbore

prefl@Pably howeiieri vt Helseebrtbamliectian dieved isctgnded

zeoli,t,ey é‘ncﬁ’r@&rort%@rﬁ%%‘@aml%‘&u'c% Fﬁk&\i@td S %talyst
I\/Fl-type zeolite, in particular zeolite ZSM5 .

pr egiéfibecnty tHe secofdnaps betd amodieeuéat nst¢e e
OXYQ%@%Sré?O&H\%ﬁefr%l%%aﬁ%éieyéﬁlﬁar e%'eeswi‘@ﬁoxf@%%htﬁgdto

i mprove stability (slower deactivation during extend
run®yp éﬂﬁn%y@&‘cﬁW@Fﬁl’mpué@abhwqfab%clﬁpareﬁhﬁﬁﬁa 1t is

Catﬁkgggntly believed that this 15 due to the possibility
for converting larger molecules by the second molecular
sieve having more-dimensional channels, that were
produced by the first molecular sieve having one-
dimensional lO0-membered ring channels, and which would
otherwise form coke. Moreover the intimate mix of the
fidrst with the second molecular sieve, such that both are
Present in the individual:catalyvst particles; was found
todimprove the selectivity Lowards ethyvilene and
propvilene, more iniparticular towards ethviene:

The weight ratio between the first molecular sieve
having one-dimensional 1l0-membered ring channels, and the
second molecular sieve having more-dimensional channels
can be in the range of from 1:100 to 100:1. Preferably,
the first molecular sieve is present in a weight

majority. The weight ratio of first to second molecular
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with only the one-di nensi onal nol ecul ar sieve and
wi t hout the nore-di nensi onal nol ecul ar si eve. Wt hout

wor®boeig7t o be bound by a particul ar hypot hesi BCDEP2008/065876

theory, it is presently believed that this is due to
the possibility for converting |arger nolecules by the
second nol ecul ar si eve havi ng 1dore- di nensi ona
channel s, that were produced by the first nol ecul ar

si evechaviag whedi reasi onal td0-genhemneder pngr hanrelis, the
and whi ch woul d ophermﬁse form coke. Moreover the
i nt FREPE A xET™ the fPrétlwith the second nol ecul ar

sieve, sHChrdhat-dOthvasendiesate isBcbhe homdidualsieve
cat al yst ﬁartlcles was_found to inprove the

sel &6t POI 51 T'oURst A9 18CHY PR At PropyF Bhel L FordE ol te

par iseub arnd-eway ds sethyhene althe neei-ght or ik o bettweenst
the first nol ecul ar sieve havi ng one-di mensi ona

10- REnbBPEY B H§ charnér steatid the c¥&8oNer ot efraPty at

si eveshavi ng, nprendi-aepst ool Ghanneksseans®e A Hib@er
range of from1:100 to 100: 1. eferabl%/‘],a the first
F

mol €88 Ahe sh Vet 9er eSet 3 W aEiISgAR dri tyPtatie

vei g%dﬁeéaolefmlfdl&ﬁtzeao §§cmlrgql eeUbar sl Ve Gan be
rom1l:1 to 100:1, nore preferably in the range of

froﬁ%ggin@%ﬁ23¥“K¥ﬁlﬁPeP@F@ eMIGHFEAP SCHheC BBEGHG 1ess

”Dl%%HhaESSW@NQﬁ?%h@ns@gen&ﬁﬁﬁuﬂﬁh%gug§évé'Q%%md Bn the
particul ar zeolite ZSW5, having a Silica-to-Al unina

rat |t@tgARn@$e<a{le|re§§1eveoln ngke Prerepabl gortel st 80,

even AL e. pr ef,e rp%@t&c@ﬁak easls 100,, vt oI e prefier ably
at |east” 150." At hi gher SAR the percentage of C4

sat peatesuiqar thrs sCAhest af swprodiiddd Merai hi reared.cular
spegi.al efhod JIERLS %B?t%ﬁ%@ﬁ%a%%%%%ﬁ Of C@Hea's%%nd

particles can conprise less than 35 wt % of the second
mol eedkarlsf eviegvehadedednor hiehq dgtodle lnpbéetihbar sileve i as

t he Qxyggnat e GRNVersian.. .

In one embodiment the oxygenate conversion catalyst
can comprise more than 50 wt%, preferably at least
65 wt%, based on total molecular sieve in the oxygenate
conversion catalyst, of the molecular sieve having one-
dimensional 1l0-membered ring channels. The presence of a
majority of such molecular sieve strongly determines the
predominant reaction pathway.

Without wishing to be bound by a particular
hypothesis or theory, it is currently believed that the
reaction is dominated by a majority portion of the
molecular sieve having one-dimensional 10-membered ring
channels. In such molecular sieve an alcohol or ether
oxygenate can be converted to an olefinic product by an
initial alkylation step with an olefin from the olefinic
co—-feed, followed by cracking. The presence of a minority

portion of a more-dimensional molecular sieve in the
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catalyst, in particular less than 20 W% nore in
particular less than 18 wt% still nore in particular

WO 2®9/06382n 15 wt % Suitably at |east 1 wt % of PEEEP2008/065876

second nol ecul ar sieve, based on the total nolecul ar
sieve, is present in the particles . In one enbodi nent
t he oxygenat e conversion catallyst can conpri se nore
than 50 wt% preferably at | east 65 w% based on

t ot alkyfeheesl| @nwsiredeni Bat Hey OXgeRaALE 6 ORYET S0

catal yst,  of the nol ecul ar sieve having onedi nensj ona
10- TenbaFEen i iy S&H&ﬁﬁé%?t%éW@é’@négaB%ljatXmﬂr@ri ty
of syehomRtesdl art-glieveystsnglon det ar Ahnesydd&iith only
predom nant reaction_pathway. Wthout wi shing to be

bouRtehy 8- GHIICIPAR HYpBLHER < 6P et ﬁegr\ylﬂmuﬁ ghe more-

curenthyibedi exadduhat theyd eaction is dominated by a
majority portion of the nol ecular sieve having

one- di ﬂs@%ﬁuﬁmbﬂﬁlﬁéﬁﬁer%%?rﬁ%ﬁftcﬁéﬁnéﬁgonqrWQ%%&Hlar

ol ecular sieviesan 1al €abol Vyaeifer roxygenaties AR Reate
converted to an olefinic product by an initial

al kyPavpenl St ¢ Wi tancof ef i - o t HESHreti mngl H2SM-48,

co- fﬂtz@pmf%@ﬁ@%m aracking.s ok /Rl eREREE AU r B aply at
mnority portion of nor e- di mensi onal nol ecul ar_ si eve

in tkeeky %ﬁd’(/éﬂ’rc@ﬁvé#si“@ﬁe citlgfslyarti €¢est s w/w and

foundssubfiedentit opkopkficantdonll nREANE St aRilddy ar
and hydrothermal "stability conpared to a catalyst with

onl yieHe eped dismemsitofaly dpbEculiarrsi Bhen ape iialseutlar

the s'IQ(z@Q'%@%&%@reﬁohﬁc%érpﬁés%%%e bR 9P§anic cations
enbodi nent, the first and second nol ecul ar” si eves are

use@hﬁnmph%¢wLﬁydﬁ@g€nmﬁbrh@|&PQMW@t@ﬁy§En%$%¥lng in an

Con\igggcogr C@}El%éﬁt\f’e %tgos IlfgL%\/l't%Z’reHg§M gJ_Sgarﬁ"‘lrEd CathI’lS,
HZSM 48, HZSM 5. Pref erabl y at least 50% ww, nor

preﬁ@ﬁabk?mEQGAé%sﬁ@g@@@QW@@ %tqqmpeﬁ@ﬁérﬁr@Y%ﬁéﬁﬂy °at for
| ea§thg§%6¥%vﬁ5¥gi The sieves are typically obtained in the

sodium or potassium form. The hydrogen form can then be
obtained by an ion exchange procedure with ammonium salts
followed by another heat treatment, for example in an
inert or oxidative atmosphere at a temperature over

300 °C. The molecular sieves obtained after ion-exchange
are also referred to as being in the ammonium form.

In a preferred embodiment the first molecular sieve
having one-dimensional l0-membered ring channels
comprises at least one of a molecular sieve of the MTIT-
type and/or of the TON-type. Examples are 7ZSM-23 for MTT,
and ZSM-22 for TON.

Suitably the molecular sieve having one-dimensional
10-membered ring channels has a Silica-to-Alumina ratio
(SAR) in the range from 1 to 500. A particularly suitable
SAR is less than 200, in particular 150 or less. A
preferred range is from 10 to 200 or from 10-150. The SAR
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nost preferably 100% of the total anmount of nol ecul ar
sieve used is in the hydrogen form When the nol ecul ar

WGQER@vme6ssatr e prepared in the presence of organi BCYEP10081865876

t he nol ecul ar sieve may be activated by heating in an
inert or oxidative atnosphere to renove organic

cations, for exanple, by heatilag-at a tenperature over
500 OC for 1 hour or nore. The sieves are typically

obt aisnedrifed hes s0@i wBnor PotasIrumiboym ,dhe-dd=pgening
formcan then be obtained by an ion exchange procedure

wi t roarhentemrsHltionf of | pnedndlecadetrheieheat

treatmepl, fQf exanpkeein,and rk%rn% 056%@)9%6 Vi&
at nosphere at a tenperature over Go-0C e
nol ecefarrsd evies rebtacnédr aft erthg gangrchange-latle &losd

ref%@%%gr%éh 'Q?%%gmgno%hgcéqgggy %ghfgéﬂ%céfbfﬁ%ihas been

preferred enbodinent the first | ecul ar” si eve Vi ng
one-otspensd onalh EO-SABnbér edouti ngdlchannel s conpri ses at

| east o 1 Jol ec r.sieve of th gﬁ.nd/or

of the g%\l-o%%%eﬁg Exg‘h%l leli tgnlree rﬁﬁezgf?/gg ,lasand
ZSMp22ftoredON.n Suirttabbhyat hen ndleecualnge st e¥ve-HaviGogd
one-di nensi onal. 10-nenbered ring channels has .

S FEAL T O Ui PR Ro f SRR 1A% R SRS 11 om PG been

5000bAcpaedicidiard pASUDE abbeutSAR .1 s | ess than 200, in

particug% 150 or Iesss.e A r ef elrcrudr_rani e ig f{nom 10 __

to 200 of °fFom10-150°°TR8 ﬁﬁs SLéafl rsle% as 't he frolar
raticddmehs$bga? ¢rerniz@e3haer s espondig-taubhea ratio (SAR)

COMRES L oDafla eI SBUL AP PRt ZBEE, o R,

t he miamge 0f FeAdGedGoad pertorumBNCEO brt Bf gBeOf more

SCUL Y300, SPLPOL LY oo, DoEN obsetysd MAD, 3 S

I s priefhetr educh nmparotol oul atgher t he range of 30- 80.

Good The catalyst particles are typically formulated from
the molecular sieves, such as in a mixture or in
combination within a matrix component such as a so-called
binder material and/or a filler material. Other
components can also be present in the formulation.

It is desirable to provide a catalyst having good
mechanical or crush strength, because in an industrial
environment the catalyst is often subjected to rough
handling, which tends to break down the catalyst into
powder-like material. The latter causes problems in the
processing. Preferably the molecular sieve is therefore
incorporated within a matrix such as a binder material.
Examples of suitable materials in a formulation include
active and inactive materials and synthetic or naturally
occurring zeolites as well as inorganic materials such as
clays, silica, alumina, silica-alumina, titania, zirconia

and aluminosilicate or mixtures thereof. For present
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performance in terns of activity and selectivity has
been observed with a SAR of about 50. Preferably the

W@ ewonessmbl ecul ar si eve havi ng nor edi mensi onal PCTTEP2068/665876

has a silica-to-alumna ratio (SAR) in the range from
1 to 1000. For ZSM5, a SAR of 60 or higher is
preferred, in particular 80-on7higher, nore preferably
100 or higher, still nore preferably 150 or higher,

suchuapo28¥, oindvitghererThes catdrysts panttg) esra@eferred
typically formul ated fromthe nol ecul ar sieves, such

as PRACEUAT xtii%e B PACEBRDI WA BT WSt AP n” 82 Pt ¢ "hich
conpeRentksUsth Snadcsgecal hedk hinder material, andhoks

a filler material. O her conponents can al so be

pr eSSt PR Phes FlormuPatitond 1% Y$%esirable to provide

a cat al ysé rdraatiRg t@eodaFECha M LaheRbreFdSthStfanghALed
because in an industrial environment the catalyst is

of t EALSUBF eckTt d SFoughe haef i FRFP 1AL EAN t @hdslq § irst and

br eak cdawnnd hevpatralsy ste b Ny pawdenthi ke sdherisal nohhe
| atter causes problens in the processing. Preferably

t he 2Bl éEUF afOTgidPE tiss T Het et ok dthd6rpor ated i thien a

mat i mS USHe @S & NiRAEEonBE 5d Alnon-EX8MPLeS @nponents,
suitable materials in a fornul ation include active and

i nafEryerpateritalleaghd<8yhthetic or naturally

occurripgeZeoldtesnascyell @sdhangani e aataials such
as clays, silica, alumna, silica-alumna, titania,
zi r 6RFPELANYY AN 68F| Pedt e it AlgfGPesr ¢ her'dofzectaies,

Pr €§8NLPULPOS &y HeNSf + ABL L5 Al 1Sy SUCAL 85y St | 1651 LS,
preferred because they may prevent unwanted side
reactPeASaWRY cH My tt aket pl deelidnlcasetalpdrte duitdi-c
mat eriak, ) such, agal ym Q%p&éiasﬂl'y Saeabup Aa s Msed.
Preferably the matrix and therefore the fornul at ed

cat alystupar t$idves compelseher@bmdi-nati on of the first

and Now the aspect of the present invention relating to

the process for the preparation of an olefinic product
will be discussed in more detail, which process comprises
reacting an oxygenate feedstock in a reaction zone in the
presence of catalyst particles according to the
invention.

The process for the preparation of an olefinic
product of the present invention can be carried out in a
batch, continuous, semi-batch or semi-continuous manner.
Preferably the process of the present invention is
carried out in a continuous manner.

Since a second molecular sieve having more-
dimensional channels such as ZSM-5 is present in the
oxygenate conversion catalyst particles, start up is
possible without an olefinic co-feed from an external
source. 7ZSM-5 for example is able to convert an oxygenate

to an olefin-containing product, so that a recycle can be
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second nol ecul ar sieves and the matrix) conprise
nonzeolitic conponents . Typically at |east 5w % of

W@ b@opersmul at ed catal yst conpri ses non-zeol i tiBCT/EP2008/065876

conponents, preferably at |east 20wt % Preferably the
total nolecul ar sieve content, especially where the
nol ecul ar sieves are both zeollstes, is at nost 60wt %
of the fornmul ated catal yst particles, especially at

MostesbOWt Yendypirealedcyiiat §easds HOWhYonSi-bicen didider 1os
espeC|aIIg preferred where the nol ecul ar sieve

conpFi"S8ECZSMEL CERBRPE Res ashett 7ot thReOprédem> are

i nveRbl A1 1Ll @dd Rgp1kocbheoPprocess: ek gbhetdrepar ald an
of an olefinic product will be discussed in nore
det &itFL (AT cW%f%&e%%@ﬁpﬂ@ésﬁf}YeéléﬁﬁHb AEEYERat e

feedstiesk if & dr@acli eB-zoa@ i Jre ipegsence of
catalyst particles according to the invention . The

processifof R%ﬁ?ﬁﬂﬁéﬁér%WP%@F%%“QM@“oPéFﬁhP%Cp%bdﬁﬁp-of

the opressay #entd eRreaRabesSardd edyodt i@ LatGhrt—up,
conti nuous, sem -batch or sem -continuous manner.

Pr ePEFABF y2 T pitocésEPof SEHe Pradsdnt "RRVERNE | BrRipde De

car bived: G #ibi@ LARELAUSHSCINBNNET «.8hNGe: & Seaanrd,
nol ecul ar si eve having nor edi nensi onal channel's such

as 2Skp5ei deprEssfnataot hee oy JEPRreec 8AVRT ST

Cat%kM§BrQ§%$é&u§§ shathetp digrpossicbhe Méﬁh&y%w%%ht
olefinic co-feed froman external source. ZSM5 for

exaﬁﬁp@ Fae amtcato donveppeak? oxyenanent otk @isgfins for
| n- cophakphng By 0QUChyr SOnLhat, & e%)é@v?o&émprocess that

beest abl 1 shed. Mol ecul ar si eves with one-di nensi ona
10- creibered Qxyﬁfn@ﬁéﬁﬂeWSt@LQﬂ1W¥§h28N$QQeﬁ#n§§SWP2§eedr

aretBthLéf‘Ulé’ chHchagl ré{}’l&@@‘&ﬁf&ce%% E’ié%!gkl%‘\% §&d£ed ok Qtea

an ol efinic product streamw th any use conver si on,
at a different location or it may have been carried out

at an earlier point in time.

Typically the oxygenate conversion catalyst
deactivates in the course of the process. Conventional
catalyst regeneration techniques can be employed. The
catalyst particles used in the process of the present
invention can have any shape known to the skilled person
to be suitable for this purpose, for it can be present in
the form of spray dried catalyst particles, spheres,
tablets, rings, extrudates, etc. Extruded catalysts can
be applied in various shapes, such as, cylinders and
trilobes. If desired, spent oxygenate conversion catalyst
can be regenerated and recycled to the process of the
invention.

Spherical particles are normally obtained by spray
drying. Preferably the average particle size is in the

range of 1 - 200 pm, preferably 50 - 100 um.
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unl ess an olefinic co-feed is provided. In a
particul ar enbodi nent an ol efinic co-feed obtained

WO e@aess7ext ernal source may be used at st art - BEI/EP2008/065876

and/or after start-up. Such olefins may for exanple be
obtained froma steam cracker, a catalytic cracker

al kane dehydrogenati on (e.g.- pPopane or butane
dehydrogenation) . Further, such ol efins can be bought

from t heneardeattionn zanspest alhebedierent theralafinns
for such start-up are_obtained froma previous process
t hat' Sé6hver t BY OW/génates? 4T WY RbEE, ofefihiteY

co- freegrit0 D efdNSandHChe AcfUEIrRHS PHOERS SsiAY hidYerson
been | ocated at a different |ocation or it may have
beeR"EaPRY etPoxHP Len CeRr #1212 ;j%fﬁfi PRt | eVLing bed,

Typirgal hy-édeoKy ganat-er 690VEF N teat ak ¥st A riser
deactivates in the course of the process. Conventiona

cat APPEEOF egeteiaticoRT LEERATHues @éﬁtbéuéﬁful DyederThe

cat ak¥stopasfddiesoupedsi Agthe Rracess of sdiei pnesent
i nvention can have any shape known to the skille

per $6AATECHe" Sifitt BFEPEr StMIS purpose, for it can be

present tjnythe JismM.Ak 8P ay; did edacabal ypicdaritd cl es,
spheres, tablets, rings, extrudates, etc. Extruded

cat RFGEEETEEN D APPYFEdLF nE YaHITGTs "ohapesas Stich as,

cyl ipders; and-ddidabes. cbf1desi red, -SPentsoxygenat e,
conversion catalyst can be regenerated and recycl ed to

theaﬁﬁééésgnofsqq@eC@ﬁ@éﬁﬁ?o#ﬁ Lygpredilzaf operd i eprave
nor pgk Ly 9§%§ﬁ§§%jﬁ$%t§gﬁé¥ Ofyd NGrpB %%E?Bﬁb&ytﬁﬁﬁcatalyst

average particle size is in the range of 1 - nm

pr efPerabfyes0strored ynimnf Theneeddtdion r@@héteﬁme tth>e
oxugepat g; gonversion reaction is typically in a

reactor system which may conprise any suitable

r eact or TRpoWR Qg anhéoskphvent pervgenates and optionally the

olefinic co-feed to an olefinic product can be carried
out over a wide range of temperatures and pressures.
Suitably, however, the oxygenate feed and optional
olefinic co-feed are contacted with the molecular sieve
at a temperature in the range from 200 °C to 650 °C. In a
further preferred embodiment the temperature is in the

range from 250 °C to 600 °C, more preferably in the range
from 300 °C to 550 °C, most preferably in the range from

450 °C to 550 °C. Preferably the reaction to produce the
olefins is conducted at a temperature of more than

450 ©°C, preferably at a temperature of 460 °C or higher,
more preferably at a temperature of 490 °C or higher. At
higher temperatures a higher activity and ethylene
selectivity is observed. Molecular sieves having one-
dimensional 1l0-membered ring channels can be operated
under oxygenate conversion conditions at such high

temperatures with acceptable deactivation due to coking,
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and may for exanple contain a fixed bed, noving bed,
fluidized bed, riser reactor and the like. A riser

WO 2@ene87systemis preferred, in particul ar a PCHEP2008/065876

reactor systemconprising a plurality of serially
arranged riser reactor stages . In processes where a
riser reactor systemis preferefed, a catalyst is
requi red which has high attrition resistance to limt

t he coatahysttd agsesubyratt £vdd G/\I"!LthSléﬁlBlE@I: abysds ics
typically fornmed of spraydried catal articles .
Thec@éﬁﬁﬁ%?t|%HFQﬂaStﬁem€ Par St pgr € éP@ T3t r oGSy atures

i nf l.deneecd hed mdresinsbanserd - aidnt teapt idher dgrctHRe s,
to convert oxygenates and optionally the olefinic

co- F8&d to” fPRPE ShPoductd icdn TBECEAPT i € SiE LoV &r Can

a Wipdeahanger e tENMPEn3LHE S &NG PRASSHLESFecMidtallahs and
however, the oxygenate feed and optional olefinic

co- fE8dCaF 2L vNtiACt-88 WPERtIMe afiecul ar sieve at a

t enper atHr gidin ithe chbangs $xpmRRQ 0600t 860G QG iniknca-
further preferred enbodi nent the tenperature is in the

r ang&cfr ot P5MVCE Y600 BE , 1THY Nr eFREEDT VS FHhe IT 15

rangeckeom 309, é&@tésglgﬂbutHPQEJBEQEer@phMHHﬂat%@nlmum
range from 450 0C to 550 0OC . Preferabléothe reaction

to predoeect e it n§Urs TONRRE ddaat 2 t ehpetfatiddeent

of maLeqt BAN-MSQ LRG1, aREEHErabl %R nacberpas atiyf e of
460 OC or higher, nore preferably "at a tenperature of

490P©€¢éﬁuh@@h@$ﬁ3Aﬁaﬁléﬁ%rwﬁﬁnﬁéﬁét&ﬁe@aéﬁ¥ﬁ@ﬂﬁﬁ less
act 'tY1 Ey2@nx9t£t Myeﬁglﬁghgclgrﬁéﬂﬁ X)y' %h@b§§£i/f&i person to

Nblecular si eves havi ng onedi nensional 10-nenbere
ri ngechahhebe dar bacbperarest Wrdebeorygénatech diluent

conyersigp congditd @as a{aar?é’fﬁrﬁcgQo?n%ﬂﬁﬁ&a&f”r&%;t‘{%r%hof

accept abl e deactlvatlon due to coking, contrary t
nmol eeurarnds eV igirel lgmalhdervegor édegfiluent is an inert

gas. The diluent can be argon, nitrogen, and/or steam. Of
these, steam is the most preferred diluent. For example,
the oxygenate feed and optionally olefinic co-feed can be
diluted with steam, for example in the range from 0.01 to
10 kg steam per kg oxygenate feed.

In one embodiment small amounts of water are added in
order to improve the stability of the catalyst by
reducing coke formation.

The olefinic reaction product is typically
fractionated. The skilled artisan knows how to separate a
mixture of hydrocarbons into various fractions, and how
to work up fractions further for desired properties and
composition for further use. The separations can be
carried out by any method known to the skilled person in
the art to be suitable for this purpose, for example by
vapour-liquid separation (e.g. flashing), distillation,

extraction, membrane separation or a combination of such
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channel s, such as 8-nenbered ring channels.
Tenperatures referred to herei nabove represent

WO 2@e068M7 t enperatures, and it wll be under st POUEP198%/065876

a reaction tenperature can be an average of
tenperatures of various feed streans and the catal yst
in the reaction zone. In addi tilon to the oxygenate,
and the olefinic cofeed, a diluent may be fed into the
reagk@ho8ystemarddaly phef esgadhtioneparat eamt tdututaby
diluent, or with a m ninum anount of diluent, such_ as
| es&SERANCD OO At %IGE 1Al uEht t Hased+on tPReSt ot alCtambint
of axygenateo feadriiRcpant i estdict essat hasnd 0th wt %
nore in particular less than 20 wt % Any dil uent known

by tRECEkPTHetP héiPdGR "t BObRFSHIS &bl €UFOr @ sttt ptrpose e
cannBe UE8Ese SUEh dirk-uent c&adh finsexadpheohe dter alia,
paraffinic conmpound or m xture of conpounds.

Pr ef€PabI 92 hioe VEFPEFRBUBFA UBTRSSUS CantF Agft s W<TREC

di | yentican be @y gon, nitrogen, and/or steam O
these, steamis the nost preferred diluent. For

exanpl et t e Oxygénate peetufd fopcitéral FomA eting c

co- keadiean bey did wed,weth steamnehor cexaiPt i therion
range from0.01 to 10 Eg steam per kg oxygenate feed.

| n GREPERBOYT ENtOSHANF aRd UM Sl ywaber1are: ddfedeprier

or defi k0nt BPF ON& ithe psbabiibly Qfndbhescata ystadYio wes of
reduci ng coke formation. The ol efinic reaction product

i s Cppi BEFgCaTct ispRated: Mrrtardillvedlart# sar Kmevish

how¢t.g 8epar &l & JThXhur g1 06 hydreearbeps i N0 Mar9usng
fractions, and how to work up fractions further for

desimeédapt operitlices nend=&dmmposid/ican chopofiuditiekdausan be
The sepanati ons .£an be carried, Qut by any, Methad known

to the skilled person in the art to be suitable for
t hi soporposey Gor hwdappkebdys. Such heavy fraction can for

example be used as gasoline blending component.

In a particular aspect the present invention provides
a process for the preparation of an olefinic product,
which process comprises the step a) of reacting an
oxygenate feedstock and an olefinic co-feed in a reactor
in the presence of oxygenate conversion catalyst
particles comprising both a first molecular sieve having
one—-dimensional 10-membered ring channels, and a second
molecular sieve having more-dimensional channels, to
prepare an olefinic reaction effluent. Preferably the
weight ratio between the one-dimensional molecular sieve
and the further molecular sieve is in the range of from
1:1 to 100:1. In a preferred embodiment, this process
comprises the further steps of b) separating the olefinic
reaction effluent into at least a first olefinic fraction
and a second olefinic fraction; and ¢) recycling at least

part of the second olefinic fraction obtained in step Db)
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vapour-1liquid separation (e.g. flashing),
distillation, extraction, nenbrane separation or a

W@ vpoerstT on of suchnet hods. Preferably the separ/EpPi0081665876

are carried out by neans of distillation. It is within
the skill of the artisan to determ ne the correct
conditions in a fractionationzeolumm to arrive at such
a separation. He may choose the correct conditions
based @Repi BY e4s adlickinficaebionadi ohd epeeddeing at
pressure, trays, reflux and rebojler ratios. At |east

a | igheCoPRFT n‘?fc actish eorptisi ngraéFttFrWeﬂ}%taa]r{tﬁdorm

propylegne) and sudeaviceprekettnic fraction conprising
CA olefins are nornmally obtained. The heavier olefinic

fracti oR"pfetRrabIqf COHPaPRICETESLAWAAITE WP oblet i@yention

hydrogacheri speci &smt iBheberabby: alsarapnat ef srégdhrated
fraction is obtained. Also a lighter fraction

conprirsichgOonet #ahe At arBéh ﬁoﬁb?ﬁtdéleéﬁaﬁ&f]é%?tb]&? and a

di oddeneanibe; oht ainedioas Yelicahi19neoarimi ey heavy
fractions conprising Co+ hydr ocar bons. Such heavy

f r actliednneanaferolexdamplde Bbee uSecbm&l@ésohr:nér@d:@m ng

conponent Ina rticular_aspect the presen
@ Partular Bspe

i nventi- oall es & pr 6cess tor etlffr eﬁg?n%ﬂsolnn%f an

ol efeltﬂuIyaepeodam th/dﬁls@laopdoobsslrmmrﬂriasesohhras styepical)ly a

of reactl ng nflo% enate. feedst orclkSla}lnd n 9I jgfl nic
co- fe8d°h aTreat inthe pres encegoF oXygenat e

conver smefeaﬁla]lwﬁlspaat et es-cionprirsicngobot 1 @otfdimed .
nmol %clul ar |eve C%lone di nens.i on
Se

ht omprlsi con%oﬁggmyer%gch as
ri ng"¢hannel s, EOng ot el G o8i-ale" Havi g’
nor erc@inBeaS| om@womhmmhae,t@n@x@pafaerbam ok ekidd ccan be
reacgO on efflu h ﬁﬂergblr}( t he w%l% g rag 0 etwe%rrl]e
t he 5ivé- Bﬁ%ﬁ% oVHaﬁ Bef 8F Sieved g St nd® rirtheér®
nol eguhateshexey i frddtivhe tangei Dfind oM hydrbeadddis].
In referred enbodi.nment thls r ocess
%n%ludgng C5+ olefins. 5uch i)y fractlon can for
example be used as gasoline blending component. For
example, the first olefinic fraction can comprise at
least 50 wt%, preferably at least 80 wt%, of Cl1-C3
species, the recycled part of the second olefinic

fraction can comprise at least 50 wt% of Cy4 species, a

heavier carbonaceous fraction that is withdrawn from the

process can comprise at least 50 wt% of Cgy species.

In step ¢) at least part of the second olefinic

fraction, preferably containing C4 olefins, obtained in

step b) is recycled to step a) as olefinic co-feed.

Only part of the second olefinic fraction or the
complete second olefinic fraction may be recycled to
step aj.

In the process also a significant amount of propylene
is normally produced. The propylene can form part of the

light olefinic fraction comprising ethene, and which can
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conprises the further steps of b ) separating the
olefinic reaction effluent into at |east a first

w@bk@pioeise7 fracti on and a second ol efini c fract PGHEPZN$I065876

c ) recycling at least part of the second olefinic
fraction obtained in step b )to step a ) as olefinic
co-feed; and d ) recovering-at3l east part of the first
olefinic fraction obtained in step b ) as olefinic
produgtapl N ¢ epid nNerofr b bt SoPrRCESSItacear dhing drodilde
invention the olefinic reaction effluent of step a ) .

i s SEPRPATRWS ( fr4adril6hat ed) 2194 fce4sPagt ot sihe heavier
ol ebihBEent & actdan candoapsesond @l efiieniigsfracti on,
preferably containing C4 olefins, are obtained, The
first oF]é?lYﬁ“iqursaéF?SEl?%n% I%Frieélmé TRyl &0 hpeein,

frachi pare0MPrd:sidie ethybenestanth,t hanseeons: ol efd mic
fraction is typically a heavier olefinic fraction

conﬁmth@n@lr&ﬂ eff Nar Ipraf ey aPdo2asaatehlardhng

fragti-eAnk sowt @idedurMhgoride |4 gitebnbraghi Ofypically, an
conpri sing contam nants such as net hane, carbon

noNGXPHECN ANt S RFBEHLENOXT R C& BB bt R HRF A ned

Wit hdrawn fromdheprocessal as, Wehlh 88 9P€a Dfed®m the
heavy fractions conprising C5+ hydrocarbons, including

C5+PEPEEP RS, € SucH Mvgady Cf raetG o rdak ther @%rﬁﬂlS@ lge stream

usedias gasel ing,hliendiyngs componentinaFeh: examplec 4 he
first olefinic fraction can conprise at |east 50 wm %

prefarabfynat 1udsEs8enWe s e CELC3a8pePst dafeitaniser
recychedn p@ééel‘%flrﬁgh%h%e%{‘@or?' &fidic sLracki @éb&ﬁﬁnlzer

conprise at |east 50 wt% of C4 species, a heaviér
car lsonaveows flreict oAt hat | Shadilt frdr awAAE riomat Here heavier

Proggasfad PLOAH%rl'o%e c@hpk?é‘%‘i%{ 29, \éﬁtloé"f%s,c F0r SRR €%re

In step ¢ ) | east part of the second olefinic
fracecsale p$@f%3‘ffablcymc bat aPmi rrRpACA role i At 1ol saioted

Lg_%%?gogs)fﬁé%ﬂfﬁﬁﬁghgg Egréﬁﬁgq %cl %groé§£$ﬂﬂé% some
amount of a propylene-rich stream can be blended into a

C4 olefin-rich stream. In a particular embodiment at
least 90 wt% of the heavier olefinic fraction comprising
C4 olefins can be the formed by the overhead stream from
a debutaniser column receiving the bottom stream from a
depropanizer column at their inlet, more in particular at
least 99 wt% or substantially all.

Suitably the olefinic reaction product comprises less
than 10 wt%, preferably less than 5 wt%, more preferably
less than 1 wt%, of C6-C8 aromatics. Producing low
amounts of aromatics is desired since any production of
aromatics consumes oxygenate which is therefore not
converted to lower olefins.

The present invention will now be discussed in more
detail and by way of example at the hand of several

embodiments.
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Only part of the second olefinic fraction or the
conpl ete second olefinic fraction nay be recycled to

wWee@p/o06s8y7 . In the process also a significant BCIEP1008/665876

propyl ene is normal ly produced. The propyl ene can form
part of the light olefinic fraction conprising ethene,
and which cansuitably be furtlRér-fractionated into

vari ous product conponents. Propylene can also form
part of it hendieaviempokef inhecfynacthen ¢ompy isidg -Ghtene
ol efins. The various fractions and streans referred to
her &°he FRAPErT i B aP*¥ H%W%%;F&%’%FFQBWF%%W Ye

obt aibRgdi bynd ractdienati nghé ncamariveus sbagesni@ndicakse or
by bl endi ng streans obtai ned during the fractionation.

Typit€aPlyZ ekt (& HyIcéREN AR 1 15 opJFeRenRT oH: <t dhni'oh

pregaber Al aeg, pWd tey 15Heh asq expaitl guakitycaidindee . The
obtained fromthe process, e.g. froma C2 or C3

spl CEtalYSahd %S FTAPSE PRaRY riRRY RrEANE ofip?i SiThg "ea

ol efilAgnanta apt iQRakby F4rpadad fdine, 18UEBLRSe@M0-90 um.
overhead stream from a debut ani ser col um receiving

t he EB8FPoe St ream from a depropani zer colum at their
inlet. kﬁl§r@gﬂaﬂ%%t0%§@ﬁ §£¥Hléﬂy% heayibehr @ Efd MiGh the

fraction conprising C4 olefins, formng the recycle
stréﬁﬁ?néawlHﬁﬁbéﬁﬁégeéri?@nﬂﬁU%ﬁﬂmtF@@ BPOVHrS sipgwponent

fraGkiopst i oM S1S,L T84 nSOMTT Of 72 SXBAPLER @@ﬁeamqarét Vil
a propylene-rich streamcan be blended into a

oIef@ﬁMrﬁC%A%t%%%ﬂnzepﬁléeﬁar%qcﬁﬂ%irtéﬁb@émﬁ%rﬂaﬁﬂlYSt was
lea%%t?ﬁa@é%%Qﬁu&ﬂﬁ ﬁ%é%hﬁ% §H§g|dyy%tgﬁécéf(%bth zeolites

conpri si ng ol efins can be the fornmed by t
ove@ﬁéaﬁr§¥¢@aﬂﬂfﬂ@ﬁﬂal@é@ht%ﬁﬁ@éﬁtc@BUhﬁci%%eﬂWEh@TT /

the,pet {,0m,st r.eamy E‘%”%@/Q@PH%&%‘H &40 tBQEP%@fltteh%'r%sent

inlet, nore In particular at least 99 wt% o
subspaﬁbﬁa¢$§akﬁﬂt Suitably the olefinic reactlon

progyct,¢onpri ses | ess

This catalyst in accordance with the invention was
prepared as detailed in example 1 but with an MTIT / MFI
weight ratio of 62.5/37.5 based on total zeolite present
in the catalyst.

Comparative Example 3

This catalyst comprises 40 wt% of MTT zeolite (ZSM-23
SAR 46) and no other molecular sieves, and catalyst
particles were otherwise prepared by spray drying as in
Example 1.

Comparative Example 4

The catalyst comprises 40 wt% of MFI zeolite (ZSM-5
SAR 280) and no other molecular sieves, and catalyst
particles were otherwise prepared by spray drying as in

Example 1.
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than 10 wt% preferably less than 5 w% nore
preferably less than 1 wt% of C6-C8 aromati cs.

wee@doeismy | ow anounts of aronmatics is desiredPGI/REW08/065876

any production of aromatics consumes oxygenate which
Is therefore not converted to | ower ol efins. The
present invention will now be2di scussed in nore detail
and by way of exanple at the hand of several
enbodinpepLSivd Eddigse exanpl es dinethyl ether (DVE)

and I-butene were reacted over oxy genate conver si on
cat al yst 8T e oifpri Sihg Cpar 7t & % Revearal ysygure of

contak Al Pgr 40 ti%nefs bet ahe ze idL a( Bt ecf axHiAe) 3 and
and a matrix of 3 6 wt% kaolin clay (as filler) and 24
wt % ofPSY R i Al Bt AGEr. STReY cat Y SEPaheF e hrEphredpyixed

spray gryinge Whensish chienvet @hd -dasedaayer af%fﬂa:rltdsd e
size is between 70-90 mm . Exanple 1 : This cataly
wi t APBar t fer S5 CAdc BT dERERS ViAW Pﬁétﬁﬁ%%ﬁf‘?rbﬁ%s\}ﬁs(’f
spray cdekeghe Wherei Bt Ree zeoldde LoMReBeNtoMASHth. In
obt ai ned by m xing MIT (ZSM 23 SAR 46 and the MFI
( ZSHPSSARE 280)° zléléllim?é@lys%l%@riﬂatextaﬁl@ £F nal atallyst
vas A-BbaRh &l Wik ede pRADENY frh)%tnt(i%}ﬁsﬁ§47§ et s
zeolites are present in individual catalyst particles
. TREMRATSINQHICtReitght TRAtE 1% BOEL2G, 2hasee on 6t al
zeol 'aEQl?E@SE%WdéL% theacatal yatar B4arpheyre sy in an
catalyst in accordance wth the invention was prepared
as déVallediym- exdariple 1 but with an MIT / Ml wei ght
rat 'c%m £ 62i o Fhamhasgd on total zeolite present in
ve Exanple 3 This catal yst
conprl SBeL uGamedy st WIT Riesldted EZSNEDBiled in example 5

(i.e. a physical mixture of the catalysts in examples 3

and 4) but mixed with a 62.5/37.5 weight ratio of
catalyst 3/catalyst 4.

For performance evaluation a sample of the respective
catalyst powder was pressed into tablets and the tablets
were broken into pieces and sieved.

The various catalysts were tested to determine the
selectivity towards ethylene and propylene from
oxygenates and stability under such reaction conditions.
For the catalytic testing, the sieve fraction of 40-60
mesh was used. Prior to reaction, the fresh catalyst in
its ammonium-form was treated ex-situ in air at 600 °C
for 2 hours.

The reaction was performed using a quartz reactor
tube of 3.6 mm internal diameter. The catalyst was heated
in argon to 525 °C and a mixture consisting of 3 vol$
dimethyl ether, 3 vol% l-butene, 1 vol% steam balanced in

No was passed over the catalyst at atmospheric pressure

(1 bar). The Gas Hourly Space Velocity (GHSV) 1is



SAR 46) and no ot her nol ecul ar sieves, and catal yst
particles were otherw se prepared by spray drying as

wo pooBxesspl e 1 . Conparative Exanpl e 4 The cat aPgBEP2008/065876
conprises 40 wt % of MFl zeolite (ZSM5 SAR 280) and no
ot her nol ecul ar sieves, and catal yst particles were
ot herwi se prepared by spray deging as in Exanple 1
. Conparative Exanple 5 This catal yst consists of a
physiceabmimhed usie tofe €atal ysis pardv ehes ehetderdMBt weight
catal ysts of exanples 3 and 4 above which were sp r%éﬁ

dri @8 sBpar at €1 ﬁHd Ithen--mived t d Fr GAGERCE pifyE

M xtueet6f €& alnestyzpar bl chLs. crusicobehpRhysi®alto
m xtures each particle consists of either the first or

t he d§é€61ﬁb|“%e‘8}ﬁ FEOHEE BOTRCS I Ponf PEsEO MRl tion has

i nt ipgaheky1 & xadexanpl 8581 dnansh4 4 @fagwr}d@dmawmns
the present invention have particles conpr|3|na oth

t he af“ﬁﬂgﬁe%nd%@eé@r%&cjz‘éww e%as Tire cdfal st b

cat aliysti 34 cat alrksStnad sWerk epBxed iy @HeSQﬁrgoofWaﬂkﬁzh‘inasses
ratio. Conparative Exanple 6 This catalyst was
prePar édl akr ¢f8tHid-ed in exanple 5 (i.e. a physical
”1XtheR@&ui@ﬁ19%%@k¥§t§a&£&ﬁ%@ﬂﬁb§%1§gagge4ﬂ%w@MEn
mxed wwth a 62.5/37.5 weight ratio of catalyst

3/ c&PBlLgst- 4 . For performance eval uation a sanple of
the respective catal yst powder was pressed into
tablets and the tablets were broken into pieces and
sieved. The various catal ysts were tested to determ ne
the selectivity towards ethylene and propyl ene from
oxygenates and stability under such reaction
condi ti ons.



For the catalytic testing, the sieve fraction of 40-60
mesh was used. Prior to reaction, the fresh catal yst

WO pooppessammoni um form was treated ex-situ in aPCT/BEP2069W55876
OC for 2 hours . The reacti2don was perfornmed using a

quartz reactor tube of 3. 6 internal dianeter. The
catal yst| was|heated|ipjargon to 525 0C and a m xture
consistiing |ot 3| vol| % diimethyl ether, 3 vol % 1-butene,
1 VCE% st eam bal angced| i|n Ng_ vas passed over the
cat ctmés;t at| atnpspherj ¢c_pressure (1 bar) . The Gas
Hour 0y |'Spattie | Vel“dc|Ty| (&HBY) #sdeterm ned by the total
gas |f oW ovlers t [ atallyi§1~ wei ght per unit time (n
.gecatailyjst,|[1|s h[I .| Thle|ef aiuent fromthe reactor
was |anak\ezed| by |gag’|chromat ogs aphy (GC) to determine
t he pr“ﬂﬁ 1T “conpositlion. | The gonposi tion has been
cal cglﬁg el lan a|wejgbt |basis|®f all hydrocarbons
anal|¥zgd S |dbes sel epdlb il tly an been defined by the
di vi|si®n of| The| mass pf pidduct by the sum of the
nmasseL|of |l |o pfodlgt s |SRESults fromthe catalytic
t est|i nge @ gshol [ Ne aEIge‘gl sW % in product stream on
car ponbasisT Gy hpyry jspace. vel ocity is based on
total fibewiper Wweight| of| catalyst per hour (m.g .h ).
n. a.|= mot'|aecur gt e Tapll e :Lﬁn 3I'ab|e 1 Cnhrefers to
hydnecar bon specd es | haying:n n|'car bon atons, Cn+ refers
to rycf;rv@gaggm spe|es | ha En_:;%n or more carbon at oms
(n béigrg—an—integer—fidurés|jnclude all; Cn= refers
to cﬁe@%ni& hydrocganbonsispeci s having n carbon atons.
The |i ndexe| Sats [-&f piS| 19 asat if ated carbon species, and
tot lorltlolals” ret e 1fola " respective hydrocar bon
spegi es.|"|dlbus |t can| be obse_?ved fromtable 1 that
the [i,it7met|ely (@ xpdscatalysts in accordance with the
P
presert i mventian, | i.e cagalwsts 1 and 2 , produce
bettar mesulits |1 |1l | | 15 |, -
Sg s |9 w
5 sl 19 =& ~
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than the conparative catalysts 3 - 6 . A particular
advantage is that the anount of ethyl ene and propyl ene

W@Ra0e06876 hours is highest for catalyst 1 . APCI/ER2008/065876

same tinme the ethyl ene/ propylene ratio C2=/C3=is

hi ghest for catalysts 1 and 2 . Performance at short
times on streamis very rel evaat -for continuous

processes such as fluidized bed with continuous

regener ahi b 1pant refedd | tOfhidheceabahysteciMy e@vehg n
the stability with respect to catalyst 3 is nuch

i npfcs%anb@t%/ &ddi Fﬁéﬁrﬁft%&y@r@cﬁéﬁgfloﬁ%?cjz@esolqatvé“g n
to themeatatySion asokan (Repsaen 4o amcbher ner@ase ahclude
t he DVE breakt hr ough tine wel | above the 13h for

cat dllyst OB~ . TSA Fespéetipe’ datRIorSrLan  sk¢fet at'arysy o
accekdbpg L@okde HeLsBRbxi SVENtdORRr Yi 88SuBated carbon
significantly higher amount of ethylene in the

pro&@@?leélS%P%iqﬂ?gﬁért@Fﬁ§$e?%ﬂﬁﬁ'6ﬁyﬁéher?%H?Q¥lven
par ti gyb@gr@(gn dieki.me on stream Moreover, the M
based cataly produces a nmuch hi gher amount of

sat ur at €8Us H’F part PeuPaPc oS dtipmatésie A Higth “%ount

of sakukates, s apactibeylas ﬂi%@:@%@@gﬁgsywﬁ@& ol Yragant
it lowers the overall conversion to olefins, but also

wher IUBAE L0 )1 tthe ce4af v akt i bratst 2trh§r9@é‘€l%lckfeﬁt§rt 6eBBlts

recygled.as olefinigeosfeed .4 satyr aA‘ﬁ‘?aM%ﬁaQUi I d
up in the reaction system nmuch nore .

expediVarehige hiav & sffonct raguetatdl pehvacnd sonprioiroes e

NOr @ (@EONMRL & Gy i Jshﬁlgﬁé’@{ 'Wtc%tléﬁygg 2 did yted .
feed presented in Table .. this effect is not very

proﬁé@ﬁcé@e %ﬁhﬁﬁﬁﬂed@réﬁﬁ%$ﬁ¢nnaiHﬂoC@HéC€ﬁ+l$rhkﬂhaﬁﬁ for
in E@QE? ;ts TQ%ﬁy%r’PbEf¥%ﬁbﬁé§“H% %ﬂ@Et'@l&éé“d% %%QGam

experi rrents using catalyst 4 and a non-diluted feed of
DVEAbuvene (dievans] Lasl R;omlwscpm@easw ghth kour | y

fluidized bed with continuous regeneration of part or all
of the catalyst.

Moreover, the stability with respect to catalyst 315
much improved by the addition of more-dimensional zeolite
toithe catalysty as can be seen from the increase ol the
DME breakthrough time well above the 13h for catalyst 3.

With respect to:catalyst 4, the catalyst according to
the present dnvention provides a significantly higher
amount ofiethyvlene in the product, also a higher
ethylene /fpropylene iratio, in pdarticular at short tine on
stream. Moreover, the MEPT based catalyst 4 produces a
much higher amount of saturates, in particular C4
saturates. A:haigh amount of sacurates is a particular
disadvantage, not only as it lowers the overall
conversion to olefins, but also when (part of) the G4

fraction of the product is to be recycled as olefinic co-
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space velocity of 8 gfeed-<?cat - , 17 wt % of
aromatics were fornmed, whereas catalyst 1 only

wWee@desd’ 9. 8 wt % of aromatics under the same PCT/EP2008/065876

conditions . The strength of the catalyst particles is
measured by their attrition resistance using a test
procedure described by Weks e al . in Gl & Gas
Journal 88 (16) 1990. Catalysts 1 - 4 were first

subjreetiedct os @ galicisnabihon @i 1BOGOEN one 2- hoiirisn Egehen
test. . was.run wth 6 grans of humdified catal yst. The
sarrﬁ‘iuég {Rete: subj ected to abrasion for 36 ninutes by

put ti ngethencatalystnknr @ h8te GRS EAG: N gt Melroal kY so
air. ln this process, wear on the particles occurs. as

t he PpaFEFes é”%o%eolaimﬂlét\%ﬁ h %rﬁé?}]@etexé’ﬁ‘ﬁl%ws dfid-"ach

ot her 1wk th hgh prelseeiby. i Thenfianes tanped: fdass o han
16 m.croneter) are renoved fromthe cup and collected,
The VESY nBE PorP Bie i RESTRE gt Y HTHSY6vEr it St fSaCth“

12, i24rapde 36, mdkes, é«B Rid ri dur@n th@ge%noflﬁlhf-‘ bed
sanpl e was det erm ned u3|2%the sl ope of the

acc@ﬁﬁ?é%@%n%%t%ly@t cﬁFﬁéiés? of'ded QPnfﬂél@ti%r?eed Gk

ti mesy Ancbndex of Woessothan 204 3 Lndi cafedas ur1y
catal yst with good resistance for attrition. The

at t spbbenve mbei iyndircat gdein- Jabl € b ils deterniaredrbyatics
taking the fines formed after 24 m nutes m nus the

fi n@STRoF AERE S B I59/ Ratesy T vi G8dYbyT eReCqBtoal® Wit of

cat akysht saapleiand ndi vhded bys Q342 hour.
Theattrition index and the attrition rate for catal yst

1-4 ar eT@f vEr 9w tTabBlete  caEplyet2ParRestet st § memsured by

at t kbl onat et i omstabhec2 idikAn @@s@bﬁ%éf%ﬂehat
all catalysts containing the MIT zeolite with or

Wi t HeaErihed VBl Tesdisi £6 hhvelddd &t GRPt ferEnal 88 (16)

resijshance,. Laralyst -4 h@&é‘gfl%ty sh%‘j’e%édz@@dte
shows poor attrition reS|stance
calcination at 600 °C for 2 hours Fach test was run with

6 grams of humidified catalyst. The samples were
subjected to abrasion for 36 minutes by putting the
catalyst in a jet-cup using high velocity air. In this
process, wear on the particles occurs as the particles
collide with the jet-cup wall and each other with high
velocity. The fines formed (less than 16 micrometer) are
removed from the cup and collected. The formation of
fines is determined over time at 5, 12, 24 and 36
minutes. An attrition index of the sample was determined
by using the slope of the accumulated catalyst fines
recorded at the given times. An index of less than 20 is
indicated as a catalyst with good resistance for
attrition. The attrition rate indicated in Table 1 is
determined by taking the fines formed after 24 minutes
minus the fines formed after 5 minutes divided by the

total catalyst sample and divided by 0.317 hour. The



is therefore desirable to have at |east the MIT
zeolite present to obtain a catalyst with sufficient

W@Ra0pH6380N resi stance to be applied in a riserPCI/EP2008/065876

reactor.CL Al MS 1 . Catalyst particles conprising
both a first nol ecul ar sieve having one-di nensi ona
10- menbered ring channels, andOla-second nol ecul ar

si eve havi ng nore-di mensi onal channels . 2 . Catal yst
par ticekesi ae cHdi:N@gntiotebab M di ioMhekebnséhecatalyst 1-4
Silica-to-Alumna ratio of the first nol ecul ar sieve

i s PE§sIthEh 2002 Preferably 150 or less. 3 . Catal yst
particles according to any one of the preceding

cl ai s, wherein an gverage distance between a crystal
of tHEHIFSE nol eculldr siave and a near P8t crystal of
t he |second nollecul ar| si eve (C€MPAEIT}¥in| ARCERATHGS)

par t|iZ&lteigiipe of’ t he 1cat al

nmm orindsss

pr

efera

vy 20

ys$t particles
mmor less, e

29referably 4
specially 10

or |
of t

gosri4 ionCalttally s

heaqsr ecediing cl

ai

tU5pAr t

ns, \

ilél-8s accor di
vherein the no

ngétd any one
ecul ar sieve

having'torédi mensi onal 10- menbered ring thannel s
conpri ségbk 4 edstsudne 6fom amslrdddloar tsfeve of the
MIT-type and the TONtype, in particular zeolite ZSM 23
and/or zeolite ZSM 22, 5 . Catal yst particles
accor di iget ocae énétofat hee priecededgtohai @6, asfterdgsns
t he n cul | S I Iec r

i oV CRn BT Ry Jenfrre i o R e

par tZ|eo[LeSe alu:zecm cqugi totchaimm Sesiwtteneen @dineaJSﬁII:OFﬂd having

m)l ica-to-A_umn ratlo( nI)of
at E% eﬁébF Sa?w?éé§F7§%trﬁg%e re eraply
at heaSheﬂ@ﬂwxemEmlmabéept@fhﬂvﬂﬂa¢ aEabeasmeJMEI zeolite

present to obtain a catalyst with sufficient attrition

resistance to be applied in a riser reactor.



7 . Catalyst particles according to any one of the
precedi ng clains, wherein a bed of catalyst
w@arwieisesconpri ses at | east 1 wt % and | ess t he@iT/BP2008/065876

of the second nol ecul ar sieve, based on the total
wei ght of first and second nol ecul ar sieves in the
catal yst conposition; preferablly-at | east 5 wt % and
| ess than 40 wt% nore preferably at [ east 8 w % and
| ess than 25 wt% 8 . Catalyst particles according to
any one of the preceding clains, further conprising a
matrix and a total of 60 Ww%rt Mssof the first and
second nol ecul ar sieves, based on the total catal yst
particles, preferably in the range of from15 to
50wtl%e PLalx iy 5EE5SCERT THEPrépdr BPForP ofiray molecular
ol efsiiBi e REPOUE tonMli BB PY O€LS S| CRRRLES LAY 1 RACIHNG 2B,
oxygenat e feedstock in a reaction zone in the presence
of CGafaPy3eCPHt t1LICEE 188 BHATHER VIR Jafyr pnel i Sipaal
precedihngisl ains, to prepare an olefinic reaction
product. 10. Process according to claim9 , wherein
t he “r ed¢t i hy 3f PRRélok§yettatd FeadsPoekais perhgrfed the
in the;presencapinan gt efi nt G 1eofieed ndlec AR QGRS is
for the preparation of an oxygenate conversion
cat altyst theahel Yrodess ceahpy i Stthrprlepari ng oxygenat e
Con%grS¢§Hbﬁ§§£35$§Ei9§é§'é%é%%d%%@PEbséﬁg hot by achilr st
nol ecul ar si"eve havi ng one-di nensi onal 10- nenbered
ri ngrerafned ssladms -avsecond FvlEEurge Siavendrviaigeen a
mor edi oensi 0paly channel 5o112,1 Pragess aggos ding 4@
clainm 11, erein the first and second nol ecul ar
si evesgsafe ehbetdedcondanedddiber B3 evPr beebsss addardieng
to clatmdZahenel 3:3.sbir iy, Comniskngathefdg,st and
second nol ecul ar sieves and t%e

preferably 40 um or less, preferably 20 um or less,

especially 10 um or less.

4, Catalyst particles according to any one of the
preceding claims, wherein the molecular sieve having one-
dimensional 10-membered ring channels comprises at least
one of a molecular sieve of the MTIT-type and the TON-
type, in particular zeolite ZSM-23 and/or zeolite ZSM-22.
5. Catalyst particles according to any one of the
preceding claims, wherein the second molecular sieve is
an MFI-type molecular sieve, in particular zeolite ZSM-5.
6. Catalyst particles according to claim 5, wherein the
second molecular sieve has a Silica-to-Alumina ratio
(SAR) of at least 60, preferably at least 80, more
preferably at least 100, even more preferably at least
150.

7. Catalyst particles according to any one of the

preceding claims, wherein a bed of catalyst particles
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matrix is spray dried to formthe catal yst particles.

14. Process according to claim11l or claim 12, wherein
w@eapgedss? of the first and second nol ecul ar si PUBEBP2OS065876

grown toget her

- 32 -

comprises at least 1 wt% and less than 50 wt% of the
second molecular sieve, based on the total weight of
first and second molecular sieves in the catalyst
composition; preferably at least 5 wt% and less than

40 wt%, more preferably at least 8 wt% and less than

25 wt%.

8. Catalyst particles according to any one of the
preceding claims, further comprising a matrix and a total
of 60 wt% or lessof the first and second molecular
sieves, based on the total catalyst particles, preferably
in the range of from 15 to 50wt%.

9. A process for the preparation of an olefinic product,
which process comprising reacting an oxygenate feedstock
in a reaction zone in the presence of catalyst particles
as claimed in any one of the preceding claims, to prepare
an olefinic reaction product.

10. Process according to claim 9, wherein the reaction of
the oxygenate feedstock 1s performed in the presence of
an olefinic co-feed.

11. A process for the preparation of an oxygenate
conversion catalyst, the process comprising preparing
oxygenate conversion catalyst particles comprising both a
first molecular sieve having one-dimensional 10-membered
ring channels, and a second molecular sieve having more-
dimensional channels.

12. Process according to claim 11, wherein the first and
second molecular sieves are embedded in a matrix.

13. Process according to claim 12, wherein a slurry
comprising the first and second molecular sieves and the
matrix is spray dried to form the catalyst particles.

14. Process according to claim 11 or claim 12, wherein
crystals of the first and second molecular sieves are

grown together.



