CATALYST PARTI CLES, PROCESS FOR THE PREPARATI ON OF AN OLEFI NI C PRODUCT, AND
PROCESS FOR THE PREPARATI ON OF AN OXYGENATE CONVERSI ON CATALYST Field of
the I nvention This invention relates to catalyst particles, a
process forwdb@oagsal efinic product, and to a process fpefrbiRspserar ati on
of an oxygenate conversion catalyst. The 5invention is useful for for the
preparation of an olefin or olefinic product, especially | ower ol efins such
as ethylene and/or propylene. In particullar this invention relates to the
conversion of an oxygenate feedstock into ol efins. 10Background of the

i nvention Processes for the preparation of olefins from oxygenates
are known in the aréz&m@&sﬁ%ﬁﬂﬁ%‘; L 'p’%%é‘;étwdfasrrﬁﬁtﬁ&p&aﬂ% pnpduction of
light olefins, in particular et €ne and/ or propylene € oxygenat e

f eedst ock can 15ﬂbEF@%&nﬁR@mﬁﬁhpﬁNBéﬁﬁﬁﬁﬁaﬂﬁﬂiéﬁ@/%mﬁﬂﬁﬁﬁI%WK@thﬁr and an
interesting route includes theik ROt ERS: &y em-syithesi s gas derived from
e.g. natural gas or via coal gasification. For exanple, WX2007/135052

di scl oses a process 20wherein an al cohol and/or ether containing oxygenate
f eedst ock and amigl®fdsnkge cCOnkaedo@are reacted in the presence of a zeolite
havi ng one-di nensi onal._ ,10- nenber ed r|n channel repare an ol efinie
reaction mxture, and WwierBYH PE 't FOFATR et85ﬁﬁl§§8t ég%ﬂﬁﬁ%sTéhctlon

25m xture i s repycted dsrotief iani cletirfieedrodlict-h andretchanotcand/ oo

di met hyl et her ¢ [ dst.o an, ol nic c co ising C4
and/ or C5 oleflggéﬁg%pgge |§}§& %% ﬁg%'rlc O%L% L %ﬁeglns cggébe

obt ai ned. 3 1W®0@b05691r¢f@mst¢ro§@§ ‘ahepr;ty@é@satfmn ef akiodgfod- C8

hydr ocar bons, t%rQ&ﬁHﬁ%@cq&ﬁﬂhﬂé &%ﬂ%%h@i ﬁo@%?ﬂyhﬁﬂ%s wher eisn a catal yst
with a conbi nati on of ZSM th éi'ther ZSM5 or ZSM 23 is used. No
reference to 50?9@%%?§P6§n@éPQN§6@Pylene In partlcular this invention

relates to the conversion of an oxygenate feedstock into

oclefins.

10 Background of the invention

Processes for the preparation of clefins from
oxXygenates are known in the art. OL particular interest
is often the production of light olefins, in particular
ethylene and/cor propylene. The oxygenate feedstock can

15 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 ccal
gasification,

For example, WO2007/135052 discloses a process

20 wherein an alcohol and/or ether containing cxygenate
feedstock and an olefinic co-feed are reacted in the
presence of & zeolite having one-dimensional 10-membered
ving channels Lo prepare an olefinic reaction mixture,
and wherein part of the obtalined olefinic reaction

25 mixture is recycled as olefinic co~-feed. With a methanol
and/or dimethylether containing feedstock, and an
olefinic co-feed comprising C4 and/or C35 olefins, an

olefinic product rich in light olefins can be obtained.



US 6 797 851 describes a process for nmaking ethylene and propyl ene from an
oxygenate feed. The process is conducted in two stages using two different
zeolite catalysts, wherein in the first stage oxygenates are 10converted to
a light ol eypnosisseam and wherein in the second stager0dtrabgidsig produced
inthe first stage are converted to additional ethylene and propyl ene. The
only zeolite that is disclosed for the first step is ZSM5. For the second
stage, zeolite Z5M 22 and ZSM 35 are 15diksel osed in experinents. Various
enbodi nents of reaction systens with first and second stage catal yst in
separate reacti on zores 4ap e didsaussiedes W tihauksdi Sol osknigirgn cerbddi nent, it

the T nventi on - Al CORACAMAGIT A | QLI B 3Eador e 5 a T11st.
aspect of the pwasestr ianvemivon, wiheree chgbpragvpted datlal ystitharticl es

conprising a f'%%Ehgpb%ﬁukﬂ&:%%QV§3hﬁNbQQdoﬂﬁrgbﬁ§ﬁ§h@n€$ 10- menbered ring
channel s, and a second nol ecul ar sieve havi ng nore-di nensi onal channel s.

Thus, the5|ndlvP&ﬁ%ﬁm%é?aF§§F@§0partlcles conprise both the first nolecul ar

si eve and the secongs mobecudAr dés@/ﬁaeeTypp&aielsy the mamh eg Wk 18heves
conprise or con5|3t of a_second aspect of the

present inventi 6 "noé)ly(ei %{% fﬁgv?ﬂe%ygeB?%%eise?g ihoei K&pPréparati on of an
ol efinic productpnaniici pnooesstepaprisses reactingran exyyemate feedstock

n 3 reaction Szgne .l he Bresence of coxyoengte sapuscolon.qatal yst

particles to prepare an o nic reaction erein 1 ndividua
oxygenat &0 conversioer tedt ab ystl ipartiefes ébﬁ%ﬂhsén%oﬂﬁral$rwsﬁhﬁnlecular

si eve havi ng ongzdifenshopat,10; semheredsfidg ichannel;s s anda second
10nol ecul ar si eve havi ng nore- dlnenS|onaI channel s, according to the first
aspect of the |ﬁ9%yﬁqg§ﬁ to additional ethylene and propylene The only

zeolite that is disclosed for the first step is ZSM-~5.
For the second stage, zeolite ZSM-22 and ZSM-35 are

15 disclosed in experiments. Varicus embodiments of reaction
systems with first and second stage catalyst in separate
reaction zcnes are discussed. Without disclosing an
embodiment, it is generally mentioned that the two
catalysts can be mixed.

20 Summary ¢f the inventicn

25 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

30 particles comprise both the first molecular sieve and the
second molecular sieve. Typically the molecular sieves

comprise or consist of crystals.



Thus the first and second nol ecul ar sieves are intimately m xed, that is
crystals of the first and second nol ecul ar sieves are present in the sane
particle, 15as opposed to a m xture of catalyst particles where individual
particl es iwghasoessenre or ot her of the various nol ecul apcskemesdoyges, not
both. Preferably therefore an average di stance between a crystal of the
first nolecular sieve and a crystal of the 20second nol ecul ar sieve is | ess
than an average particle size of the catalyst particles, preferably 40 pm
or less, nore preferably 20 pmor |ess, especially 10 pmor |ess. For

near - spheri cal partaciesithecavesagadpastect efsiize peanede det erm ned by the

partici os. cuch Gt o Pled E bRkl oL e R RhE e articl ox. “such
a statisticallyrrepreséntati v qﬂ%ﬁvﬁpypbmhﬁﬁﬁtW%$é5P$§C¢%ﬁerred to herelh

as a bed of partij LelssesFQéa@Jl%ramﬁ%énQJe Gatabystx parsicdgeithe skilled
person knows how 30to define a suitabl'e average of a characterlstlc

di mensi on’ as avéP%@é”béPFlRH%§e§F%é”:ﬁFé?%ﬁ%ﬂ?I§°%W%ﬁ§36ﬁtc%ﬁﬁﬁﬁéée i s used.
-4 Preferably apbﬁﬁuﬂksth@;ﬁ&@ék&&hlQﬂétiﬁuﬁ&eﬁ@ﬂﬂﬁi@@&d@ﬁ:|eaSt 1 wt % and

| ess than 50 wt % of t he § %ﬁg ol eculﬁr si eve, . based on the total weight
of first and se@ A oGt A adi &S PRe ‘ﬁ%wﬁéaio%ﬁﬁ*s iy at least 5 5wt %
and | ess than 40awt24lemorenpriekeratil v atriteasicBut:Ysande l'esdnghan 25 wt %

For certain embgd) gl te%smﬁ S EERILECH] A LAY JPKLRE, RIESERT al | ess

than 18w % and i ndee e less ased'on the tota wei ght of
nmol ecul a¥0 si evesoleritlses @Hﬁ&ingl@bmﬁwgr@vmﬁ@lQG&béﬁ@ﬁPﬁbﬁto a further

aspect of the pLes@Ming to the first aspect of the invention.

Thus the first and second molecular sieves are
intimately mixed, that is crystals of the first and
second molecular sieves are present in the same particle,

15 as opposed to a mixture of catalyst particles where
individual particles include one or other of the various
molecular sieve types, not both.

Preferably therefore an average distance between a
crystal of the first molecular sieve and a crystal of the

20 second molecular sieve is 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

25 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 guantity of particles
is referred to herein as a bed of particles. For other
shapes of catalyst particles the skilled person knows how

30 to define a suitable average of a characteristic
dimension as average particle size, preferably a weight-

average 1ls used.



invention there is provided a process for the preparation of an oxygenate
conversion catalyst, the process conprising preparing oxygenate conversion
catal yst particles conprising a first nolecul ar sieve having one-

15di mensi ongh 2d@nemeibered ring channels, and a second pelgetligisssiseve
havi ng nore-di nensi onal channels such that the resulting individua

catal yst particles conprise both the first nolecular sieve and second

nol ecul ar sieve. 20To forma catal yst the first and second nol ecul ar sieves
are typically enbedded in a matrix. For the purposes of this invention
"matri x' is herein refrereely taObaS enchadeaglgny patdiereandipribender

conponents. For %eiéggg1legp &gt%aﬁ1§GQ&§ 89gﬂ{|% ng.the 25first and
second nol ecul af"si éves “and° natrlx are spray dr Form t he cat al yst

particles. Typi @auégulaarnsx@mreb@@ﬁqbrqrsmhg tdt@lf resthtand Secondndol ecul ar
sieves are M| edoofl LSEoRAALILELY RUENPRkEr BBl Laagt encabelor e the

matrix is added to forma slurry that is spray dried ternatlvely
the first®and s@&dndhoreeutE” §Peves &Péedﬁméﬁﬁ§?%ﬂlﬂﬂsé%ﬁ%ﬁ % Hter grown.
For such enbodi ngBAt Sest tABAdX wk §. t VRIrcabt yaiaddaeh @fufedF s cOrCrssbad | 1 sation
and the resulting m xture i s then spray dried. Preferagb the catal yst

particles prepaf8ieFH AcBbTHanEE B tH °CRR" i tRE7 d¥Pelt™of ¥fle present

Sinvention are useged mag P& 0Cessthan dAGCortanrcedwet ftiitheoseconrdgyaspect of

the present i nve@t 5HEculdr siteves 1n the catalyst composition,

10 According to a further aspect of the present
invention there is provided a process for the preparation
of an oxygenate conversion catalyst, the process
comprising preparing oxygenate conversion catalyst
particles comprising a first molecular sieve having one-

15 dimensional 10-membered ring channels, and a second
molecular sieve having more-dimensional channels such
that the resulting individual catalyst particles comprise
both the first molecular sieve and second molecular
sieve.

20 To form a catalyst the first and second meclecular
sieves are typically embedded in & 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

25 first and second meolecular 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

30 dried.

Alternatively the first and second molecular sieves

are co-crystallised or intergrown, For such embodiments &



process oleftn p oduction, 00444diii gi WOA#I bi nag

010PDAI i agCaV6?a6N40Sad444Saal giiii4064tS4ilb
1000140060440000004000: 4* &040444R. ci i met hyl et her.

(*Yg. 0. 000. Woaga@@edd) " . c6404: OWo, G *. aW ki "i a 15has beerrb@uodsrs
particul arly advantageous to apply this catalyst for converting a reaction
m xture conprising an olefinic co-feed in addition to the oxygenate, to an
ol efinic product conprising ethyl ene andbor propyl ene. Exanpl es of an
Oxygenat e that can be used as 20feedstock in the present invention include
al cohol s, such a&tnﬁihﬁmmypieﬁhana@dais@peapan@kysemmwhanEO@kymol,
propylene gl ycol,; cet byl et hyl ket one;

al dehydes, suchtgf %%ﬁgﬁ §Ru§§cgigﬁg f%%land propi onal dehyde; ethers,
such as 25d|nethylePhéﬁraﬁlEﬂﬁylé@h@ﬂ$tn9@hVM@ﬁhyP@ﬂh@ﬁd tet r ahydr of ur an

and di oxane; ep%%b@@ﬁmﬁ%ﬁh;@@tﬁkhYLPQﬁﬂOébﬂﬁxa%@ ProRyepg: oxi de; and
aci ds, such as acetic acid, propionic acid, formc acid and butyric acid.

Fur t her eianple§“§F%LHFhPR?Pfﬁ%%BBn%ﬁ€§c§ﬁ%h”h§caPﬁ%¥ﬁ?IWS@“G&Fbonate or

al kyl esters ofg@abﬁ@&$bbataﬂld&espﬁhuﬁﬁ m&&&mh@ﬁornate O these exanpl es,
al cohol s and et hers..ar.e..pr.ef.e Exampl.es..of ..preferred oxygenat es

i ncl ude al cohol §
propyl ene gl ycol
met hyl et hyl et he
al so suitable.

i nventi ohli s pr efs
oxygen- bonded al

“hyl ene gl ycol ,
di et hyl et her,
g 2% t he

15 has been found particulariy advantageous to apply this
catalyst for converting a reaction mixture comprising an
olefinic co~feed in addition to the oxygenate, tce an
olefinic product comprising ethylene and/or propylene.

Examples of an oxygenate that can be used as

20 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

25 dimethylether, diethylether, methylethylether,
tetrahydrofuran and dioxzane; epoxides such as ethylene
oxide and propylene oxide; and acids, such as acetlc
acid, proplonic acid, formic acid and butyrlce acld
Further examples are dialkyl carbonates such as dimethyl

30 carbonate or alkyl esters of carbexylic acids such as
methyl formate. Of these examples, alcohols and ethers

are preferred.



10preferably is a d-C4 alkyl group, i.e. conprises 1 to 4 carbon atons;
nore preferably the al kyl group conprises 1 or 2 carbon atons and npst
preferably one carbon atom The oxygenate can conprise one O nore of such
Oxygen- bondgg 0942l Kyl groups. Preferably, the oxygegahecheseRri ses one
or two oxygen-bonded 01-04 al kyl groups. More preferably an oxygenate
is used having at |l east one C or 02 alkyl group, still nore preferably at

| east one O al kyl group. Preferably theéoxygenate is chosen fromthe group
of 20al kanol s and di al kyl ethers consisting of dinethylether, diethylether,
met hyl et hyl et her, rmﬁAM@mabcﬁebhaﬂéﬂre@ndxyggnam@pammﬂLudan&udﬁnmUures t her eof .

Most preferably t oxygenat e t th Iether m xture

t her eof . 25Prefé?5%lﬁsf%&hSbeéﬁﬁggn?éengBI cgﬁbr%sédﬁn? ?las? 50 wt % of
nmet hanol and/ or Wiopet éryd etlher]: roded priefver abltgrsat sheasts 80 wt % nost
preferably at e@l\?&t]e R, diccn ﬁt@@&ygﬁaﬁﬁetﬁggéé&%k Egdh Re obtained

fronlprereactor conveéerts anol ["'east part|a Yy 30 into
di met hyl efher. Iﬁ?ﬂ?ﬁﬁs“ﬁﬁyaSWﬁﬂ@ﬁhﬁﬁyﬁbﬁaPeWﬁ%éﬁoﬁﬁmﬁl§¥FI@%@?on and so
| ess water is presenti1dn the process of converting oxygenate to ol efins,
whi ch has advantages - 7 - for the process design and | owers the severity
of hydrothernal conti® °8HEtHE E%W%Pﬁsfh?§“§§68§éﬂxFﬁ 1% %xjGenat e
f eedst ock can canpkhseoan sapbeiniradfly wat exygpieferabtly doessitdmamtl0 W %
or e preferablyjhgéﬁ one oxygen-bonded alkyl group. The alkyl group
10 preferably is a Cl-C4 alkyl group, i.e. comprises 1 o 4
carbon atoms; more preferably the alkyil group comprises 1
or 2 carbon atoms and most preferably one carbon atom.
The oxygenate can comnprise one or more of such oxygen-
ponded C1-C4 alkyl groups. Preferably, the oxygenate
15 comprises one or two oxygen-bonded Cl-C4 alkyl groups.
More preferably an oxygenate is used having at least
cne Cl or C2 alkyl group, still more preferably at least
ocne Cl alkyl group.
Preferably the oxygenate is chosen from the group of
20 alkanols and dialkyl ethers consisting of dimethylether,
diethylether, methylethylether, methancl, ethancil and
isopropanol, and mixtures thereof.
Most preferably the oxygenate is methanol or
dimethylether, or a mixture therecof.
25 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 wtk.
The oxygenate feedstock can be obtained from a
prereactor, which converts methanol at least partially
30 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



5than 5 wt % based on the total weight of oxygenate feedstock. Preferably
t he oxygenate feedstock contains essentially no hydrocarbons ot her than
oxygenates, i.e. less than 5 w% preferably less than 1 W% based on the
total wei ghivoefvepygsgenat e feedstock. 10l n one enbodi nenic/drb@sossygenate i s
obtained as a reaction product of synthesis gas. Synthesis gas can for
exanpl e be generated fromfossil fuels, such as fromnatural gas or oil, or
fromthe gasification of coal. Suitable processes for this purpose are for
exanpl e 15di scussed in Industrial Oganic Chem stry, Kl aus Wi ssernehl and
Hans- Jurgen Ar pe&or3tite edioteon,cedibeysndl 98¥erpagessd31A8y dhis book al so
descri bes the nuf o] h hesi on. pages 28- 30.
201 n anot her nqiél%@% “%ﬁeé%gﬁkeﬁggéjfg g%%%ﬂﬁ. 3 €$3%’1%%fiogaterlals such
as through fernentaT@@Nmyﬁsma@%éﬁpd@Hby aaprovesssasrdeseritbed in

DE- A-10043644. waterl N, rRRLL]cukar embodpmpnt, tBe. xvgenat g, hegdstock is

reacted to produce the olefini'c product in the presence 250f an olefinic
co-feed. By an 6Wéﬂ|ﬁﬂﬁ*%oﬁ%%%?PPlo%ﬁ“§@Fe%%¥ﬂ%u€ﬁ‘ﬁggﬁﬁa%ﬁeflnlc product,

product fracti onreehtasdd . obresdfdouentye ro&@rgsmame peeducickobtotheidsi ke is
understood a conp05|t1%p or strean1con$ é ng one or oleilns unl ess
8b<pedi®d

speci fical ly i ndi*€at et ‘ot nBP wiEE et e & CRPBE B eseit as wel | .
Apart from ol ef ilrss mhezGlet%nuﬁe¢efimﬂdlaay1ﬂﬁmtalwuotbeeo@yﬁrmbarbon

conpounds, such sai gégng%e>&§ af finigc.comounds. Preferably the
es 0

olefinic co-fee an Finic portion of nmore 8 than 50 wt% nore
preferably nore thaﬁl@@ew@@GWEWEhF noree opyedertabliy divedrnedars 20 wt % whi ch

ol efinic porti Oriessﬁl%rstp%oeuctolosf ggﬁ@emlhsaé)l efhph&s Goghsed, can al so
consi st essentially of olefin(s) non-ol efi ni c compounds in the

ol efinic co- fee&xémél%ﬂ€¥@?%ﬁﬁ%eﬁaﬁ%ﬁ$Fﬁﬁél%dﬂﬁﬁﬁndsﬂﬂS&éhti%ﬁaff|nlc
corrpounds are prrsftsfsblséspbss&m bR AfbmaRBENgadifitheidrangecd4om O to 50

wt % nore preferablg inthe ra fr8y10 to 40 mﬂ@’istlll npre preferably
in the range frO’ processes ifola 1s purpose are for example

15 dlscussed in Industrial Organic Chemistry, Klaus
Weissermehl and Hans-Jirgen Arpe, 3rd edition, Wiley,
1997, pages 13-28. This bock also describes the
manufacture of methanol from synthesis gas on pages 28~
30.

20 In ancther 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

25 of an olefini¢ co-feed. By an olefinic composition or
stream, such as an clefinic product, product fraction,
fraction, effluent, reaction product or the like 1is
understood a composition or stream conprising one or more
olefins, unless specifically indicated otherwise. Other

30 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

plefinic co~feed comprises an olefinic portion ¢f more



1030 wmt % By an olefin is understood an organi c conpound contai ni ng at
| east two carbon atons connected by a double bond. The olefin can be a
nono- ol efin, having one double bond, or a poly-olefin, having two or nore

doubl e 15bopdsesektwierably ol efins present in the ol ef ipairgreRshced are
nono-ol efins. 04 olefins, also referred to as butenes (1-butene, 2-butene,

i so-but ene, and/or butadiene), in particular 04 nono-olefins, are preferred
conponents in the olefinic co-feed. 20Préferably, when an olefinic co-feed
is used, it is at least partially obtained by a recycle streamformed by
recycling a suitabhesd raet i sre0bréher stegchonn tpaodectveeéonprilsi ngrd4 ol efin.

The skilled artisan knows how.to obtain such.a fractio omthe olefinic
reaction productprﬁ %ﬁ%ﬁyarsno Gi/ t(t?ﬁgtlélwé:t"i’o‘ﬁgmh Oﬁe%hglé:ngo%%%%ldi ment at | east
70 wt % of the oleehihitc of- Ped (dur i Tig roefmlicoperatddonanislforned by the

recycl e stream preferably,af.igast HQ-W,%, nore preferably at |east 99
wt% Most preferably the olefinic co-feed I's 30duri n% nor mal operation

formed by°the recych®w $PPealfitis®sct FRIPOPRES priodesse éFt S0 heffenat e

feedstock to predenprantby1{ightrelefd renpbiheut sthe maeadr forc an ext er nal
olefins stream During nornmal operation nmeans, 9 for exanple in the course
of a continuous CBBB?‘H? Sofi* BIPTTIE PPOCELEFlor af ™| FHEY 70 /o@?e the tine on
stream The ol efdange fenf eedh Ay wneedudre beeGhkailneth frhenramyeeXtennal

source, such as f roma cat al yli,c,erackind, Uit 8  £1 9m.8. SpARNLha, cracker,
during start-up of 't he process, en ‘the reaction product conprises no or
i nsufficiiént 04£0oketins. The 04 fraction contains 04 olefin(s), but

can al so contain a g gni theant 2mpu. QbR el 94, hydiacarhon 10 speci es,
in particular 04 paraffins, because it is difficult to economcally

separate 04 ol efSPRE2HHA@IpAF afFashs LV UEH P8 By di SPTPIAEFoRY 2 In a
preferred enbodiggptc te a0l eid Riierco-deede anthpbebesabl, ynat so; the recycle
stream conpri ses 04 ol efins » )
double bond, or a poely-olefin, having two or more double
15 bonds. Preferably olefins present in the olefinic co-feed
are mono-olefins. C4 olefins, also referred to as butenes
{1-pbutene, 2-butene, iso-butene, and/or butadiene), in
particular C4 mono-olefins, are preferred compeonents in
the olefinic co-feed.
20 Preferably, when an olefinic co-feed is used, 1t is
at least partially cobtained 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
25 such as by distillation.
In one embodiment at least 70 wt% of the olefinic c¢o-
feed, during normal operation, is formed by the recycle

stream, preferably at least 90 wi%, more prefervably at

30 during normal operation formed by the recycle stream, so
that the process converts oxygenate feedstock to
predominantly light clefins without the need for an

external olefins stream. During normal operation means



15and | ess than 10 wt % of 05+ hydrocar bon speci es,

proce sri'or.at 1

hydr ocar bon speci'€s; an ew se e recyc

nore preferably at | east
50 t % of 04 olefins, and at |least a total of 70 wt % of 04 hydrocarbon
speci es. The ol efinic co-feed and preferably al so the recycle stream
can in partyweybdheontain at | east a total of 2090 wt %pefi@4eobyeegcar bon
species. In a preferred enbodi nent, the olefinic co-feed conprises |ess
than 5 wt % of 05+ olefins, preferably I ess than 2 wt % of 05+ ol efins, even
nore preferably less than 1 wt % of 05+ -okefins, and |ikew se the recycle
stream In another 25preferred enbodi nent, the olefinic co-feed, conprises
| ess than 5 wt %ret Obmphydiocatbenuspeeites, cqreheasablopekessoit han 2 w % of
05+ hydrocarbontigecies even nore g%ﬁfg%gbé%$h%§§i£gqg 1. Wm%o

€ stream

30

eamﬁghg5+ .
uUsS 1n certaln

preferred enbodicdentsic tchefotdimeni ceqbrpi ba d@ftatihed direfy an cexgerheed, and of

the recycle stream .comprhses abul eash90c1 %akyod, dlsti o

ave
ar | y "Behetd Girarkelor IHEGRO tURYE ovie CfeltBR LRRACLY S, THEefBEe one
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In a preferred embodiment the clefinic co-feed and

preferably also the recycle stream comprises C4 clefins

15 and less than 10 wt% of C5+ hydrocarkon species, more

preferably at least 50 wt% of C4 olefins,

total of 70 wt% of C4 hydrocarbon species.

and at least a

The olefinic co-feed and preferably also the recycle

stream, can in particular contain at least a total of

20 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 Ci+

olefins, and likewise the recycle strean.

25 preferred embodiment, the clefinic co-feed,

less than 5 wt% of CSH+ hydrocarbon species,

In another

comprises

preferably

less than 2 wt% of CH+ hydrocarbon species even more

preferably less than L wi% of CH+ hydrocarbon species,

and likewise the recycle stream.

30 Thus in certain preferred embodiments,

the olefinic

portion ¢f the olefini¢ co-feed, and of the recycle

stream, comprises at least 90 wtd of C4 olefins, more

preferably at least 99 wt%. Butenes as co-feed have been



15reacti ve oxygen-bonded al kyl groups therein. Preferably the nolar ratio
of oxygenate to olefin in the total feed lies in the range of 10:1 to 1:10,
nore preferably in the range of 5:1 to 1:5 and still nore preferably in the
range of 3:dobiuwbssdyr 201 n a preferred enbodi nent wher eipg-hipep@syganat e
conprises only one oxygen-bonded nethyl group, such as nethanol, the nolar
ratio preferably lies in the range from5:1 to 1.5 and nore preferably in
the range of 2.5:1 to 1:2.5. 25l n anotheropreferred enbodi nrent wherein the
oxygenat e conprises two oxygen-bonded net hyl groups, such as for exanple

di net hyl et her, Hhﬁnﬂb&ﬁ&mraahaxmneﬁﬁyab&Mfk&Es_Eﬁrthﬁﬂfangﬁaémﬁn15 2 to

1: 10 and nore preferabl -ange of 2: S referably the
mol ar ratio in fﬁsugh”l%é’ase&?esrel he'5 gﬁrtlcufqafl% Slul\/t%a%?[gfecyC§ The
expression ' nol etukan @neuetsusm@sedblkytheedeSaTapthnwtaﬁﬂ‘@ﬁainé for a
mterial containipg.sqml L beaul A poras, andlof ahannels apdo b Ling
catalytic activity in'the converS|on oxygenate to olefin. Thé first

mol ecul ar °si eve &bl onér i deERS onal 10 menbered ring channels and/or the

second nol ecul ar si eye-hauiNGREeneh MENshonalcyehannelesin( camrLdi mensi onal
nol ecul ar 5sieve") can in gartlcular be a zeolite or zeolites. A zeolite is

under st ood to béxﬁﬁrbﬁ%ﬁVﬁ %1915 at B rotedc F - dicsved Wiér 8 reference is
made in the descarptt@raragdnidgh tphedﬁ&faﬂdeOEOetalythecid arsstreve,sothis can in
particul ar be ad§pglléq: Thel{|Q§EhnD ecul ar S|eve0@9vg% one-

10di nensi onal nbere rr?ng channéﬁmpgnﬁ?oﬁxoﬁg s€con nﬁfecular si eve

havi ng mdfPe- di mrErssonalvt¢éhahaetos . can bevalad xtapeshef withf edent types of
mol ecul ar SIGVG%H%QYBQQ the respective channel structures. So, for exanple,
a mxture of 2SN-22 and ZSM 23 zeolites, both having one- 15di mensi onal
10- menbered ring chahmelrefeeest Belasethtds Pf retyIpBReR dmaEbe eve. Simlarly,

di fferent nore-djBasiQNZL80l8&ULEI - 8I@VESH Calt BeeXedcbordar m the second
nol ecul ar sieve. The process to prepare an olefin is carried out in

20presence of tKEPEPPSIOMBRECTHST T4T eVE IRAIT P SGHleend the number of

15 reactive oxygen-bonded alkyl groups therein. Preferably
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 mere preferably in the
range ©f 3:1 to 1:3.

20 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 2Z.5:1
to 1:12.5.

25 In another preferred embodiment wherein the oxygenate
comprises two oxygen-bonded methyl groups, such as for
azample dimethylether, the molar ratio preferably lies in
the range from 3:2 to 1:10 and more preferably in the
range of Z:1 to 1l:4. Most preferably the molar ratio in

30 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



di mensi onal 10-nenbered ring channels. These are understood to be nol ecul ar
si eves having only 10-nenbered ring channels in one direction, which are
not intersected by other channels, in particular other 8, 10 or 12-
25nmenber ed wiongowdssanel s, from anot her direction. errafresmalobagye t he
first nolecular sieve is a zeolite especially one selected fromthe group
of TON-type (for exanple zeolite ZSM 22), MIT-type (for exanple zeolite
ZSM 23), STF-type (for exanple SSZ-35), ESFFtype (for 30exanpl e 555-44),
EUO- type (for exanple ZSM 50), and FU 2- type nol ecul ar sieves or m xtures

t her eof . Midsttiypey cat ahyst@vareiomg payddregkard ywlgéserited in e. g.
US- A-4, 076, 842. f%tpﬁ-!&%%?céroéle%laehw%ée%e l'?n\é%QRb% 1WJerh&r%8nS' der ed
to include its isotypes I'51-4 and Kz- TON-t ype

mol ecul ar si evesrlmgech@?@lﬁaﬁwf(ﬂfl are W%@@érfi‘@@&uﬂﬁrés@veugww 556, 477.

For purposes of {die-aphes8Bhal MHRRLEDD, (“HON: L SinkaRsbaer adi1touidicl ude its
i sotypes, e.g., ZSM 22, Theta-1, 1Sl-1, KZ-2 and NU- 10. EU- 2-type

mol ecul ar S|eve§”§W§"héFﬁ‘bﬁf?%ﬁﬁﬂcﬁ??@lﬁb§c??ﬁ@&elﬂr 9Lt afs, 397, 827.
For purposes of mﬁﬂlpée&emmdeﬂyﬁmhlﬂ@1x£bm2ah3mm©asLdﬁﬁ@dmbnahﬂ@kude its

10i sotypes, e.g.,, ZSM In _a further, ferred embodi ment, a first
e b i

rence is Mma a d@S riptio [a]
nol ecul ar si eve df fhe , such” as ° andr’or a’Ttokt ype such as

ZSM 22 is used. tW@Ieéwk@xle@v@ﬂandlzeoﬁﬁwefpr@scaﬁenf@ﬁrewaﬂ@he 15defi ned
in Ch. Baerlochgy, and.l:Be Mgusker, [atabase sq ée}@i\;m«a shEuctures:

http://ww.iba- structure. org/databases/ whi ch data ase was desi gned and
10 dimensional 10-membered rlng channels and/or the second

molecular sieve having more-dimensional channels can be a
mixture of different tyvpes of molecular sieves having the
respective channel structures. So, for example, a mixture
of Z8M~22Z and Z8M-23 zeclites, bhoth having one-

15 dimensional 10-membered ring channels, can be used as
first molecular sieve. Similarly, different more-
dimensional molecular sieves can be mixed to form the
second molecular sieve,

The process to prepare an olefin is carried out in

20 presence of the first molecular sieve having one-
dimensional l10-membered ring channels. These are
understcocod to be molecular sieves having only l10-membered
ring channels in cone direction, which are not intersected
by other channels, in particular other &, 10 or 12-

25 membered ring channels, from another direction.

Preferably, the first molecular sileve is a zeolite
especially one selected from the group of TON-type {for
example zeolite ZS5M-22), MIT-type {for example zeolite
ZSM-23), S5TF-type (for example B572-33), SBFF-type (fox

3¢ aexample $55%-44), EUO-type (for example Z8M-50}, and EU-2-
type molecular sieves or mixtures thereof.

MIT-type catalysts are mcre particularly described in

e.qg. US-A-4,076,842. For purposes of the present



i npl enented on behal f of the Structure Conm ssion of the International
Zeolite Association (1ZA-SC), and based on 20the data of the 4th edition of
the Atlas of Zeolite Structure Types (WM Meier, D.H dson and Ch.

Baer | ocher)wo 2000/0d43¢; Second nol ecul ar si eve havi ng nor gcaidmasheas
channel s is understood to have intersecting channels in 25at |east two

directions. So, for exanple, the channel structure is formed of
substantially parallel channels in a first direction, and substantially
paral l el channels in a second direction, wherein channels in the first and
second directionsvkntedrseatr 1ntcensegddc@ansowidivaef urd hebegehannel type

are al so possible. Preferably the nnels jn at | east one of the
directions are fbgneﬁﬁgygg’r%ﬁagCh§£ﬁ€?§PgTﬁ%J§econd nol ecul ar si eve can be
for exanpl e a FER type-tzeel nteeavhbchsieyea tvwdicrepsitralasiy ucture and -
13 - has B and 4% pephengde 14 Ngs DL Alseqth NG a6, QIR o FES er ably

however the intersecting chanhels in the secon ecul ar sieve are each
10- menber &€d ri nrehanhelwenths {IRE secondidpisscaPatnsiveégei iy be a

Szeolite, or a SABOybyPe (8] impabum nophosphaie) , netecuharwsieve. Mre
preferably however the second nol ecular sieve is a zeolite. A preferred
second nol ecul ar si BV&*T9PaMmNECIE§h e AY6PT 6 PR® pRF i CUI AT 1 2eol i te ZSM 5.
10The presence afesthebsecandi ydlvednds adaY@2i n thepozygenate aanversionnd to

present invention, EU-2 is considered to include its
10 isotypes, e.g., ZSM-48.

In a further preferred embodiment a first molecular
sieve of the MIT-type, such as Z8M-23, and/or a TON-type,
such as 25M-22 1is used.

Molecular sieve and zeolite types are for example

15 defined in Ch, Baerlocher and L.B. McCusker, Database of

Zeotite Structures: http://www.iza-

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

implemented on behalf of the Structure Commission ¢f the
International Zeolite Association (IZA-5C), and based cn
20 the data of the 4th edition of the Atlas of Zeolite
Structure Types (W.M. Meier, D.H. Olscn and Ch.
Baerlocher).
The second molecular sieve having more-dimensional
channels is understood to have intersecting channels in
25 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
30 channel type are also possible. Preferably the channels
in at least one of the directions are l0-membered ring
channels, The second molecular sieve can be for example a

FER type zeolite which is a two-dimensional structure and



| mPt OYOHt abi | 1 eY*. ONPr deadtl| Yahleri'diltjtiTi extePded runs) and hyd
othermal tab lity conpared o a catalyst with

.only. t heHene??dl nensi oual - md ecul ar si eveandi , at hout

15t heFnor e-ﬁbrﬁ&bﬁ%@&ﬁ' i nA eoul Ati eve. Wt hout w shi Ng UQT/Er2008/065876

beH ennd' hYeaHpaPti : e6l ai i HoOdt hes"Her theory, it is Presently believed
thahithia:iaHdnete for cony rting 1 rger neaednl e8T1*.the second nvol ecul ar
ai . eve.taYanT, Mer e- 0, 14aenSena2Phanne*a, 1% h4t wer a 20pr oduced by

theHf i i' St Hhdl eChl Wi eeT. h. Pvi, 60SheT

di fiienkenaLl b- tlhﬁnhe' sed 1f0i«mgh1@al1@ﬂnemgs andewhicchnywoed«: Gcher Wee form
colce Moreover,t 1 Ot ] e: m X the 25 the Pr esent |nth I ndi vi da

.i 4aPheYe k4S0: 6rel\9lgf> ?/WW?“ %&dﬁ\ & 8atal Vst aﬁaﬂ gevvas found Y
tows ds et hyl enesanmddawaratvébh\digve, are eachThe-rweibghed rlatnlgo bet ween t he
first molecular sigye,baving one-diBRAS|ORRL, H0-dTRGberLd ki g channel's, -and
the second nol ecu si eve havi ng nore-di nensi onal charinel s 30can be in the
range of from 1: Z.L@G%@r 190 &1 AP efv@e bty icoaluminophosphate)

molecular sieve. More preferably however the second
molecular sieve is a zeolite. A preferred second

molecular sieve is an MFI-type zeolite, in particular

zeolite 28M-5,

10
15
20
25
The welght ratio between the first molecular sieve
having one—-dimensicnal l0-mempered ring channels, and the
second meolecular sieve having more-dimensional channels
30 can be in the range of from 1:100 to 100:1. Preferably,

the first melecular sieve is present in a welight

majority. The weight ratio of first to second molecular



the first nolecular sieve is present in a weight majority. The weight ratio
of first to second nol ecular sieve can be of from1l:1 to 100:1, nore
preferably in the range of from9:1 to 2:1. In preferred enbodi nents

t he second wm powisswr7si eve is an MFl-type nol ecul ar si exa/ereevspasstd cul ar
zeolite 5ZSM 5, having a Silica-to-Alumna ratio SAR of at |east 60, nore
preferably at |east 80, even nore preferably at |east 100, yet nore
preferably at |east 150. At hi gher SAR-t hé percentage of 04 saturates in
the 04 totals produced is mnimzed. In special enbodi nents the 10oxygenate
conver si on cat al gistvepast itel e§ Dam ¢ohprd 60t bsswirhapr 8% rabd4y ofn tthe second

nol ecul ar  si eve,r‘;}%%egf o fhe. 1 otab. ol ecul ar sieve in the oxygenate
conversion catalyst, In particular Iess than 20 wt% nore in particular

| ess than 18 w % sfplprafgreet prpaftneiisaghe 159083 s IeaH 45 SV Suit ably

at least 1 wt % ofs theysecond Mlecubarsisheyein Rasedoon t heo1otal nol ecul ar
sieve, is present in the particles. In aone enbodinent the oxygenate

conversi o cat al ¥t °c At Cofpf i S 1B P PHARTED M9 Priiefér abl VFoRt | east 20
65 W % based ornsd,ohale Ml@euhisry sikevexdtnsh hevaxy genats o onviensiadn

catal yst, of the nole ar _sieve havin ne-di.nensi | .10-menbered ring
channel s. The préasagﬁcgéjddf Y& ey or F3f§£%%bgﬁc%tr%oa§§uf%$ &%el@jgggetrrongl y

determ nes the pi@dont neevceneast odnCpaidrmayte25W thoutd weshlag to be bound
by a particul ar g}%aeggfédssm%mﬂ%atym'@&%&;&%@&&Mﬂ%hgved that the

reaction is domnated a mpjority portion of the nolecular sieve having
one- di medsi onal CRYIRBHRCOHVET Higrchakhelss. P ISUER Al cCHPRISSiLede an

al cohol or etherc3Qoxygenate €an sBeosomeakterth:t @iade Olrfskdi n RRdUCt by an
total molecular sieve in the oxygenate conversion
catalyst, in particular less than 20 wt%, more in
particular less than 18 wt%, still more in particular

15 less than 15 wt%. Suitably at least 1 wt% of the second
molecular sieve, based on the total molecular sieve, is
present in the particles.

In one embodiment the coxygenate conversion catalyst
can comprise more than 530 wt%, preferably at least

20 65 wt%, based on total molecular sieve in the oxygenate
conversion catalyst, of the molecular sieve having one-
dimensional l0-membered ring channels., The presence ©f a
majority of such molecular sieve strongly determines the
predominant reaction pathway.

25 Without wishing to be bound by a particular
hypothesis or theory, it i1s currently believed that the
reaction is dominated by a majority portion of the
molecular sieve having one-dimensional 10-menmbered ring
channels. In such molecular sieve an alconol or ether

30 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



initial alkylation step wwth an olefin fromthe olefinic co-feed, followed
by cracking. The presence of a mnority portion of a nore-di nensional
nol ecul ar sieve in the - 15 - oxygenate conversion catalyst particles was

found suffi gigBhbede& 81 gni ficantly inprove stability andhdighsdbheeal
stability conpared to a catalyst with only the one-di nensi onal nol ecul ar

sieve and wi thout the nore- 5di mensi onal nol ecul ar sieve. I n one
enmbodi nent, the first and second nol ecul 8% -sieves are used in their
hydrogen formin the oxygenate conversion catal yst, e.g., HZSM 22, HZSM 23,
and HZSM 48, HZSMygenfrefenablyicat cheastst 5% nlcwe s mee rpued er abl y at

10l east 90% w w, st.il| néo(r%]g %%qe&‘ég&g%lﬁ% at | east %aSg/ng\/_/tw an&i nost preferably

100% of the t ot al“tanbtift i 6VB" Used "TE 1wt Ag” hydrogen form

When the nol ecultarirsteveslaseaipriepar edpianct e pr esenlos tofidr gadvc cations
the nol ecul ar 5'%‘éeoH@ydi*Pn%né‘%da‘iaPaSE'eé?}ia?e.Qié&aga?%ﬁi%&@ L e 0L

oxi dative at rmspthere to renove organic cations, exanpl e, by heating at
a tenperafure OLREEHDRL BPLACHAUr SB¥Venore. The sieves are typically

obtained in the sSodiNmMHS ROEASRRYM 1 B r Jheddy deogRN nboediGan then be
obt ai ned by an i on exchange gr ocedure with ammoni um salts 20fol | owed by

anot her heat treaCHBAtATS HFeexdnpletT MyER PHer e Br HoxXi"GabT ¥ & 4t ffospher e at
a tenperature owenv3dPdida cdbe yml eeud ar ngeeves abtmiledaafitersM-en; exchange

are also referr o.as, being in _the a pumform In r.eferred
enbodi ment t he ﬁ%rséﬂt”5 h%régﬁf%?lysﬁévge hauF Y “onBCHE TS bRy “o- menber ed

ri ng chanfel s compsisE® at'vwl eastl lonerofprafepddgubarlsisgvesofwvhend Tt ype
andror of the TNLvPe. fXaUpla%sabe d8M 38.f AhoMIT.o2nd) Z5M22 for TON.

Suitably the nolecular sieve having one-dinensional 3010-menbered ring
channel s has a Silereaziest Abuii rider BYYIESARYM n "Rk Y Engeledwmrl to 500. A

particularly suidigbke a%%RSic@pAzee%S shhan 200scidh parbigddiar cd6Qer less. A
pr eferred r ange tlhz rfnéloergu]iart giezv(gsomg}r/ I];er %@t%\?ét]é%oby-rl?eeat§ﬁ§ in an
15 inert or oxidative atmosphere to remove organic cations,
for example, by heating at a temperature over 500 °C for
1 hour or more. 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
20 followed by another heat treatment, for example in an
inert or oxidative atmosphere at a temperature over
300 °C. The molecular sieves obtained after ilon-exchange
are also referred to as being in the ammonium form.
In a preferred embpodiment the first molecular sieve
25 having one-dimensional l0-membered ring channels
comprises at least one of a molecular sieve of the MIT-
type and/or of the TON-type. Examples are ZSM-23 for MIT,
and #8M-22 for TONW,
Suitably the molecular sieve having one-dimensioconal
30 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 Jless. A

preferred range is from 10 to 200 or from 10-150. The SAR



- 16 - is defined as the nolar ratio of 3i02/ Al 203 corresponding to the
conposition of the nolecular sieve. For ZSM 22, a SAR in the range of
40- 150 is preferred, in particular in the range of 70-120. Good
S5per f or mancegiMedloeisid of activity and selectivity has hegnxmhgsgixed Wwith a
SAR of about 100. For ZSM 23, a SAR in the range of 20-120 is
preferred, in particular in the range of 30-80. Good performance in terns
of activity and selectivity has been 10observed with a SAR of about 50.
Preferably the second nol ecul ar sieve havi ng nore-di mensi onal channel s has
a silica-to-al unanaeratdd a6 SAR) ronat heatriange $i@MRl b0 BBOOspdroIindSM 5, a
SAR of 60 or higher is preferred, in particular 80 or higher, nore
15pr ef er abl y 100-% PR ¢iwrs15191 IOan]i‘% Wr-EFetEbIS¢e150 or hi gher, such as
200 or higher. The gaﬁ aj%pppag tsagl €5 taee rhyqi Qﬁ| l«;y T2 mal at ed fromthe
nmol ecul ar sieves, such in amx%ure or__in_conb g drot% amatrix
“aft fi ?er

conponent such d% 35 alllneﬁa%ﬁl gfEr Tyl materi al .
Q her conponent ssegdnrgdise be prasent actitvhey fordhgkatdorvity has been

observed with a SAR of about 100.

For Z8M-23, a SAR in the range of 20-120 is
preferred, in particular in the range of 30-80. Good
performance in terms of activity and selectivity has been

10 observed with a SAR of about 50.

Preferably the second mclecular sieve having more-
dimensional channels has a silica-to-alumina ratio (SAR)
in the range from 1 to 1000. For ZS8M-5, a SAR of 60 or
higher is preferred, in particular 80 or higher, more

15 preferably 100 or higher, still more preferably 150 or
higher, such as 200 or higher.

The catalyst particles are typicaily formulated from
the molecular sieves, such as in a mixture c¢r in
combination within a matrix component such as a so-—called

20 pinder material and/or a filler material. Other
componants can also be present in the formuiation.

Tt is desirable to provide a catalyst having good
mechanical or crush strength, because in an industrial
environment the catalyst is often subjected toe rough

25 handling, which tends to break down the catalyst into
powder-like material. The latter causes problems in the
processing. Preferably the molecular sieve is therefors
incorporated within a matrix such as a binder material.
Examples of suitable materials in a formulation include

30 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



It is desirable to provide a catal yst having good nechani cal or crush
strength, because in an industrial environnment the catalyst is often
subj ected to rough 25handling, which tends to break down the catalyst into

powder - | i Keywgabh@lokahs The | atter causes problens in thed@eess:Rg.
Preferably the nol ecular sieve is therefore incorporated within a matrix

such as a binder material, Exanples of suitable materials in a fornul ation
include 30 active and inactive material s7and synthetic or naturally
occurring zeolites as well as inorganic materials such as clays, silica,
alum na, silica-plrygdsad, ihbtamaaerzhl €0Ruanhadd sahtok nosiel peateares m xt ures
t hereof. For presen poses, inert naterialﬁﬁosucah%% silica, are

el o e YA gurr vent lunwanted .sidé réa NS Wi
preferred because FH%@ r{ﬁy p? VERt “UhVAREed”side °r eattions ich may take

pl ace in case amwmwrealeeirdiece Nkt erisal ¢ uehaaslial wpieaiadn, sitiiea-alumna is

used. SPreferably the, % %Efi@aﬂ%lgﬂ%‘i&fi%_r g.Lhe fornmul ated catal yst

particles (i.e. the conbination of the first and second nol ecul ar sieves
and the matrix) conpréisaanenzes! mereleorpollemed oryypicdrryurttadeast 5wt % of

the formul ated cakahyst LQEPE]SLS1NON-AROLLADGGQBRONECRNS, £ 100r eherabl y at
| east 20wt % Preferably the total nolecul ar sieve content, especially

where the nol ecul®&P S iRIEE AT e YEVR% 8B 18" i s *at CHBE-SBOW ™ of t he
formul at ed cat alst ipas tdoebesentaspegp addly yast mestt SOt ypd cal |y at | east

| O % 15Silica binder is especiall referred where th | ecul ar sieve
conpri ses ZSM 2 .Qrmu?a?“ vcf/af%gysatsﬁgc}f’plo St R preesdnt” itr?\%ggﬁ?%ns’r elating to
the procégs for mreéeprigparat ilorstokCant ol efi nic product will be discussed in

more detail, which process,conprises: aQneacting ap. oxygenat e feedstock in a
reaction zone in the presence of catalyst particles according to the

invention.  CPREcHrbidesiefortichEc prepar atioifSof rarPBief fat ¢ Sr oduct of
the present invent h@n&an sbeccaye iked Ot Bc@ 28bat ¢hy GeBLETMIQUS,

sen -batch or seni-continuous nanner, , _ _
especially at most 50wt%; typically at least 10wt%.
15 Silica binder is especially preferred where the
molecular sieve comprises 78M-22,

Now the aspect of the present invention relating to
the process for the preparation of an olefinic product
will be discussed in more detaill, which process comprises

20 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

25 batch, continuous, sami-batch or semi-continuous manner.
Preferably the process of the present invention is
carried out in a continuous mannar,

Since a second molecular sieve having more-
dimensional channels such as 28M-5 1s present in the

30 oxygenate conversion catalyst particles, start up is
possible without an olefinic co-feed from an external
source. Z28M-5 for example is able to convert an oxygenate

to an olefin-containing product, so that a recycle can be



Preferably the process of the present invention Is carried out in a
conti nuous manner. Since a second nol ecul ar sieve having nore- dinensional
channel s such as ZSM5 is present in the 30oxygenate conversion catal yst

particles, @taodddiyrt S possi bl e without an ol efini c co-f@aasbos@RERsaN
external source. ZSM5 for exanple is able to convert an oxygenate to an

ol efin-containing product, so that a recycle can be - 18 - established.
Mol ecul ar sieves with one-di mensi onal 10ig8nmenbered ring channel s such as
ZSm 22 or ZSM 23 are typically not able to convert an oxygenate feed to an
ol efini c productesstbensnan. thommsehdve&onyem sinendimdrdiess1 arv-ol efi nic

co-feed is provi de% red rinkNeds n%rltsl gucl:hagsegpl\?dé Sment &ngl efl nic co-feed
obt ai ned from an external gource e (Sed at-sParts up, and/or after

start-up. Such dlveficaslymayptf @?pleemrrmrevd;‘e ebta@ivyedate drmed ¢ emm cracker, a
catal ytic Crack%l,ef19g¢]lgﬁ%ﬁu9€®egreggewmaéﬂ gﬂy(@sé}ulpﬁmglgﬂ but ane

dehydr ogenat i on) such fins can be bought fromthe market. In a
speci al eftbodi meHtLep Rerb|BRE R3LF G- 58kt it BFtvifsdare obtained froma

previous process that £nvertedoXNgednaleas, amMdiRrokri Mdhedtqol efinic
co-feed, 15to olefins. Such a previous 5process may have been | ocated at a

different |ocati®taored tirﬁﬁya‘ﬁaﬁi‘éet‘i%h éﬂFF?é‘EJaYOll}F atehitealrti%e™Ppoi nt in

tinme. Typi calddy ot heft@rygemai»ezpcom@f silenicatmalysér deacbivatees in the

course of the pr Q68$8:a C{nventl onal q{at al yst at‘_ﬁ? ener at i gn t echni ques can
0

be enpl oyed. The’ catla? roﬁlartl caé“scﬁas% n®th cess “6f “the pr esent

i nventi odlcan haaﬁétaaﬂydﬁs”wapeq«rrﬁmmntoetmepskmriee@rplemw to be suitable for

this purpose fQlnbby Gamabeopsessitnl henl ordmat shray dobagt catal yst
particles, spheres;, 25tablets, rings, extrudates, efc. Extruded catal ysts
can from the market. In a speCLal embodiment the olefins for

such start-up are obtained from a previgus process that
convertaed oxygenates, with or without olefinic co-feed,

15 to olefins. Such a previous process may have been located
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

20 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,

25 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,

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

range of 1 - 200 um, preferably 50 - 100 yum.



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. 30Spherical particles are normally obtained by
spray dryi ngo Fesakerably the average particle size is inwmheosangs of 1 -
200 pm preferably 50 - 100 pm - 19 - The reaction zone for the
oxugenat e conversion reaction is typically in a reactor system which may
conprise any suitable reactor known to-th® skilled person and may for
exanpl e contain a fixed bed, noving bed, 5 fluidized bed, riser reactor
and the |ike. A risg&hereactorn pestefior Shpr ekeyaretes convpasiercul ar a ri ser

reactor system conprising a plurali iy ot aerialdy.arr angeq fiser reactor

stages. In processes where riser reactor systemis 1lOpreferred, a

catal yst is requiar@dishicly Rastafilghra@dtioirt FoeT &9i sharfdd Lied Inaxsent he

catal yst | osses by &b$ridd @RanpUCRosel Al ¥Sk: k& R CRdJ e BEdred of
spray-dried catalyst particles. The conposition of the catalyst particles
strongly Pnfluencde fheft Hedsi Sthce®t o t5at e rits dnke & **§fk reaction to
convert oxygenatescaod opbhkanad lpyctberal efihnpartcent eed: tasan ol efinic
product can be carried out over a.mige range Pﬁ:tegpengg_ﬁes and pressures.
Sui t abl y, howevéﬁ?cfﬂ%53%@58H§F%mﬁgé&;§h3 bti'onal* 20616 hic co-feed are
contacted with tdreanpteoulsar si@rerastapesenperature in the range from 200 C

to 650 C. In a further preferred epbodisnment the teppgrature is in the range
from250 Cto 600 C, rfor & réferggly int errange rom 300 C to 550 C, nost

preferablly in tHEefaprs f cofrPHA50 © tBE0eC WIRLEf krabiight he reaction to
produce the attrition resistance to limit the catalyst losses by

acttrition. Such catalyst is typically formed of spray-
dried catalyst particles, The composition of the catalyst
particles strongly influence their resistance to

15 attrition.

The reaction to convert oxygenates and opticnally 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

20 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 i1s 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

25 450 °C to 550 °C. Preferably the reacticn to produce the
olefins is conducted at & 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

30 selectivity is observed. Molecular sieves having one-
dimensional 10-membered ring channels can be operated
under oxygenate conversion ceonditions at such high

temperatures with acceptable deactivation due to coking,



olefins is conducted at a tenperature of nore than 450 C, preferably at a
tenperature of 460 C or higher, nore preferably at a tenperature of 490 C
or higher. At higher tenperatures a higher activity and ethyl ene

30sel ecti vi i 408925 er ved. Ml ecul ar sieves havi ng one-pcdinmnsieRa

10- menbered ring channels can be operated under oxygenate conversion
conditions at such high tenperatures with acceptabl e deactivation due to
cokAbg, contrary to nolecul ar sieves w th -small er pores or channels, such
as 8-nenbered ring channels. Tenperatures referred to herei nabove represent
reacti on tenper atdiitesry aitdmbtesilar beswrdet st oodiitbatpaeseact i on

t enperat ure can b%na aver age %fwm%%ggreerd]awques %]‘nng ri Qus I%gadursetsrearrs and
the catalyst in e Fedction Zone. hTaddi iR to the oxygenate, and
t he ol efini c co-feedred W haeningraye befredennti@acheon gxgperasystsem It is

preferred to DL AL %t"\é&ﬂ%%o@nd@r's%gé crQE W3, ol nigpm 10gnount, of

di luent, such as |less than 200 wt % of diluent based on the total anount of
oxygenat e °f eed, % 2pari$AIeaPt | E§e e M ¢F00T Vi CHBr 29 SparIic@dr | ess

than 20 wt % Any.idi Lyent,denown-Ry +bher sk LLed, person to be suitable for
such purpose can be usedy., ‘Such diluent 15can for exargal e be a paraffinic
conpound or ni xt ur e *Bf A €GHpOUnds Fer eREraBES, WowEVer ot thBIWi9Uent is an
i nert gas. The didedent camebe manygen, fai tinogethe ardlosr styeaom. Cft tihese,
steamis the nost pr eferred dil yent .. .For ex%rrlpl e he oxygenate feed and

. t
B . o 1 t A’tr . B
optional Iy ol ef i'Ri¢ co-1 66d°Ran e 20di 1 ufed Wit h’ steam for exanple in the

range frdm 0. 01 4rpudl &k Sieam penckgoxXygendte féedstd wionelwmodi ment
smal | anmounts Ofba%heén ahe @g@ld akBunt of oxygenate feed, in

particular less than 100 wt%, more in particular less
than 20 wt%. Any diluent known by the skilled person to
be suitable for such purpose can be used. Such diluent

15 can for example be a paraffinic compound or mixture of
compounds . Preferably, however, the diluent 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

20 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.

25 The clefinic reaction product is typically
fractionated., The skilled artisan knows how Lo separate a
mixture of hydrocarbons intoe varilous fractions, and how
to work up fractions further for desired propertles and
composition for further use. The separations can be

30 carried out by any method known to the skilled person in
the art to be suitable for this purpcse, for example by
vapour—-liguid separation (e.g. flashing), distillation,

extraction, membrane separation or a combination of such



order to inprove the stability of the catal yst by reduci ng coke formation.
25The ol efinic reaction product is typically fractionated, The skilled
arti san knows how to separate a m xture of hydrocarbons into various

fractions, aadehawste work up fractions further for desigragpkegerti es and
conposition for further use. The separations can be 30 carried out by any

nmet hod known to the skilled person in the art to be suitable for this

pur pose, for exanple by vapour-liquid separation (e.g. flashing),
distillation, extraction, nmenbrane separation or a conbination of such -
21 - et hods. PrneeftababJ )Prblﬂeraﬁgataéim@&ratﬁ)rcsamée@hmbdb@umns of

distillation. {'19 skill_of the artisan t.o.de ermnethe
correct cond|t| on I"lsnoadfrs%lc SASET oh” éLgI urﬁ:ﬂh notg?r?}i/gla I:suc a

separation. He &tiayn dhodseetrhi@econd ectrreondidaridonsorizasedaon, inter ali a,
fractionation tGHRELALNLSG. PLOSSN €0 diaYS: af &y cuxfag&at::gpﬁm Blyeratios.

At least a light olefinic ractlon conpri si ng
a heavi er ol ef i M2y FRreAS 6he 1OEGRPE %Qfﬁ’gt@gfm‘ol@fsﬁﬁso%r érhef My obt ai ned.

The heavi er ol efdi-¢id4a6bhofenpeeberabl yreontai ns-bess rbhany kot % of 05+
hydr ocar bon species. Preferably also a water-rich fraction is obtained.

Also a |lighter feRetHn T@5pTi si ng net hane, carbon nonoxi de, and/or carbon
di oxi de can be 15o0btained:r as:iweakl OB’SE:L(Dlﬁle Dﬂ‘ad’fﬂbﬁ dfte@tysim@cti ons

conpri sing 05+ e\églrﬁ)car %%g? Such eavy fira |on can far £xa @rrgpl e be used as

Or propylene Vier O eflll ction
gasol i ne bl endi ng conp na ar i‘cul'ar aspec présent

i nventi oAlprovi ct@@palméssolfqmnsh@rqampaamy @ht@in@h @h@fmemve.epr oduct,
20whi ch process oqggpﬁié%§aab§o§tp%ei@9abq§ LSRG 129, &0l QxugenaLe f gedst ock

and an olefinic co-fe in a reactor 1n"the presence of oxygenate
conver si on cat alGpst ththaéP@% PERPET siTHGEPHIM Ya 2EPP st RBPETIAAY si eve

havi ng one-di menshepaln 10- gBrdbeed £iNgchanpnelssrandd s6860MGing
methane, carbon monoxide, and/or carbon dioxide can be

15 obtained, as well as one or more heavy fractions
comprising C5+ hydrocarbons., 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,

20 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 koth a first mclecular sieve having
one~dimensional lO0-membered ring channels, and a second

25 molecular sieve having more-dimensional channels, to
prepare an olefinic reaction effluent. Preferably the
weight ratio between the one-dimensiocnal molecular sieve
and the further molecular sieve 1s in the range of from
1:1 to 100:1. In a preferred embodiment, this process

30 comprises the further steps of b) separating the olefinic
reaction effluent into at least a first colefinic fraction
and a second olefinic fraction; and ¢) recycling at least

part of the second clefinic fraction obtained in step b)

ené and/ or propyl ene and



25nol ecul ar si eve havi ng nore-di nensi onal channels, to prepare an olefinic
reaction effluent. Preferably the weight ratio between the one-di nensi onal
nol ecul ar sieve and the further nolecular sieve is in the range of from1:1
to 100: 1. |yemopiRierred enbodi nent, this process 30 gamairh&Rssdshe further
steps of b) separating the olefinic reaction effluent into at least a first
olefinic fraction and a second olefinic fraction; and c) recycling at | east
part of the second olefinic fraction obtatned in step b) - 22 - to step a)
as olefinic co-feed; and d) recovering at |east part of the first olefinic
fraction obtai netb istept ep &) oast olief boi o oduttd) recovering at I n step b)

of this process according t e..d nvent | St he ol.efini.c . ction effluent
of step a) is se%%?%tg%rkf?ﬁgﬁg8%§§§d€#hﬁﬁl?eg§¥géggig@%uéggf%%ic fraction
and a second ol efigd &) fractlieénnipmrebénabl y containing 04 olefins, are

obtained. The first (gl efdniG Lf aﬁltiISOPréa@%'sCQLéa'rdi% acd I ght 1 9b&fd ke
fraction conprising 10ethyl ene, and the second O|€?In!C fraction is
typi cal | ya heavier “PEFTH ECRFEQN BAL BT PSi HFP0A) ot efeRgrated
Preferably al so aeiesnddeah .factda00 4 sriehtabnadnill seacibhgiMer fraction
conprising contam nants such agﬁnethaneuﬁﬁarbo nonoxj de, and/ or carbon

di oxi de can be 1ETBYSi At Add W IHdPAMPTT 6P he BPoEEE'Y 54 wel | as one or
nore heavy fractéQnsneomyd shngiart hysrearbens:iniBcktditngn 05+ ol ef i ns.
Such heavy fraction can for exanple_be used as gasoline bl endi ng conponent.
For exanpl e, thet¥Aicetivliet enit9'r 8¢ T O Cah?CorPr FEBPH 98] east 50 wt %

preferabliy at | easty180e M ofie Olec@3d clefinic fraction is typically a
heavier olefinic fracticn comprising C4 olefins.
Preferably also a water-rich fraction is obtained.

Also a lighter fraction comprising contaminants such as
methane, carbon monoxide, and/or carbon dioxide can be

15 obtained and withdrawn from the process, as well as one
or more heavy fractions comprising C5+ hydrocarbons,
including C5+ olefins. Such heavy fraction can for
example be used as gasoline blending component. For
example, the first olefinic fraction can comprise at

20 least 50 wt%, preferably at least 80 wt%, of C1-C3
species, the recycled part of the second olefinic

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

heavier carbonaceous fraction that is withdrawn from the
process can comprise at least 50 wt% of Cxy species.

25 In step ¢} at least part of the second olefinic
fraction, preferably containing €4 olefins, obtained in
step by 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

30 step a).

In the progess alsc a significant amount of propylene
is normally produced. The propylene can form part of the

light olefinic fraction comprising ethene, and which can



species, the recycled part of the second olefinic fraction can conprise at

| east 50 wt % of 04 species, a heavier carbonaceous fraction that is
wi t hdrawn fromthe process can conprise at

| east 50 wt % of 05+ speci es.

251 n step cygahedorast part of the second ol efinic fracticampzkeégiabl y

containing 04 olefins, obtained in step b) is recycled to step a) as

olefinic co-feed. Only part of the second olefinic fraction or the
conpl ete second olefinic fraction may bez2secycled to 30step a).

process also a significant amount of propylene is nornmally produced. The
propyl ene can faouncpary wf rtihendd ghhctﬂilcﬁlfaitQhCirftroaﬁhfﬂfhstﬂmlthj ng et hene,

and whi ch can

conponent s.

Propyl'6re“tan af$

ne carn avaier

In the

- 23 - wtgbl%ybe furth%r fEactlongte{jtlh Q. arious product

or m par The PReavi‘er "6l eFi nic¢ fraction
conpri sing 04 ol@&fifagic Tracvari guspf i agid GﬁsoJamfdnst reans referred to

herein. Sin particubal Jhechecele: it CAR - CANRC,Oht.aldedy b get | onat i ng

i n various st ages,

fracti onafi on.

10pr ocess,

conpri sing 04 ol ¥fASS it 20pET djr]l’e‘fllW il 55?%“%‘?%
stream from a dehulaahseranaok Lusmplyeeﬁe-wmg theedoob £ ommester eam fadom a

e.g.

| endi ng streans obtained during the

Wpipééﬂ%illaént‘é% HPCERER AHG2R prRopYE e reR Bt r eam of
pr edet er ni ned pL!erlaw1@1%611@81@)%%511&%@%}{ V\Ar{d a@@oqm ai Begifg om t he

froma 02 or 03 splitter, 0 a streamrich in 04

lo’%ueTH’pégaJaJrV '07€r head

depr opani zer col urmtgtséchelag é}pl ett 13_scha llpq}@c%?%met&ah&peuheaV| er

150l efi ni ¢ fraction

10

15

20

25

30

onpri 8t ng 0:

process, e.¢g. from a C2 or C3 splltter, and also a stream
rich in C4 comprising C4 olefins and optionally C4
paraffins, such as an overhead stream from a debutaniser
column receiving the bottom stream from a depropanizer
column at their inlet. It shall be c¢lear that the heavier
olefinic fracticon comprising C4 clefins, forming the
recycle stream, can be composed from guantities of
various fractionation streams. S¢, for example, some
amount of & propylene-rich stream can be blended into a
C4 olefin-rich stream. In a particular embodiment at
least 90 wt% of the heavier clefinic fraction comprising
C4 olefins can be the formed by the cverhead 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 wi%, preferably less than 5 wt%, more preferably
less than 1 wt%, of C6-C8 aromatics. Producing low
amnounts of aromatics is desived since any produciion 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.



recycle stream can be conposed fromquantities of various fractionation
streans. So, for exanple, sone anount of a propylene-rich stream can be

bl ended into a 04 olefin-rich stream In a particul ar enbodi nent at 20

| east 90 W §ohedddg@heavi er olefinic fraction conprisi ngr@4aksédsns can be
the formed by the overhead stream from a debutani ser columm receiving the
bottom stream from a depropani zer colum at their inlet, nore in particular
at least 99 wt % or substantially all. 25%ui-tably the olefinic reaction
product conprises less than 10 w% preferably less than 5 W% nore
preferably |ess thamn lids% ednf06s08iytofat ¢0sr Poaciucinagltiowsaaount s of
aromatics is desired m%fé n% pr.o duct |on of aronggéa(i ;gonsunmes oxygenate
which is theref oF8nbt*BGEoRVET °&d 7t &G 0Wer" 81 e s The present
invention will mowpbeésdiseassedesn trmgzademzstls andtbyningy 4ofwigxafpl e at t he
hand of several SBRULIBNLE. mdidLDEse R¥ANPLES JAnIBLAYl et hercs( DVE) “and
1-butene were reacted over oxygena e conversion catal ysts conpri sing
particlesS the ceraiyst’sycdas aiifilag) 40e% BE* 16t aF L ¥EoPitee milbecul ar

sieve) and a matddixi it SGeWt %:2A0kE No L lspYal as filhl! @idrcandeiZd wt % of silica
bi nder. The catal ysts were prepared by spr ag dryi g%tv\,her ein the

wei ght - based averaglt patFicher'si9%ePrst etnebit HiR® ERafplE 1 This
catal yst with patdamglesiin accordance with the 10| nventi on was spray dried,

wherein the zeolite_cpnpone nt has bta ned_by. m_x 3 SAR 46)
and the MEI (ZSM5 AR fé‘ﬁ)j eolwlltte arLlcgﬁatl% gc?lnéllce &Zé yot was

i ntimatelly m xednveeanmgathabragr ydsifacu,s whErbot theeotdties a@r@qjmgent in
 ndividual catalyst partial g5 nhecMi: [ 19M] 4RI ghf Jal L. 118180/ 20, based

on total zeolite present in ecaays anpl e This catalyst in
accor dance with t458-p n¥entebh Wlb%rpéroeéhﬁ% td’@téi“l“%]d deRadxdEnpieé 1 but

with an WT / Milytimately mixed, meaning that crystails of both zeolites
are present in individual catalyst particles. The MIT /
15 MFI welght ratio is 80/20, based on total zeolite present
in the catalyst.
Example 2:
This catalyst in accordance with the invention was
prepared as detailed in example 1 but with an MIT / MFI
20 weight ratio of 62.5/37.5 based on total zeclite present
in the catalyst.

Comparative Example 3

This catalyst comprises 40 wt% of MIT zeolite (Z8M-23
SAR 46) and no other molecular sieves, and catalyst
25 particles were otherwise prepared by spray drying as in
Exanple 1.

Comparative Example 4

The catalyst comprises 40 wi% of MFI zeolite (4SM-5
SAR Z28() and no other molecular sieves, and catalyst
30 particles were otherwise prepared by spray drying as in

Example 1.



20wei ght ratio of 62.5/37.5 based on total zeolite present in the catalyst.
Conparative Exanple 3 This catal yst conprises 40 wt % of MIT zeolite
(ZSM 23 SAR 46) and no ot her nol ecul ar sieves, and catal yst 25particles
wer e ot her Wygeo@iear ed by spray drying as in Exanpl e Ipcraeandiadsioe
ExaTple 4 The catal yst conprises 40 wt % of MF1 zeolite (ZSM5 SAR 280)
and no ot her nol ecul ar sieves, and catal yst 30particles were otherw se
prepared by spray drying as in Exanple-125 -~ 25 - Conparative Exanple 5
This catal yst consists of a physical mxture of catalyst particles of the
two catal ysts ofceeyanpties: 8zandedsabove which were spr ay dri ed separately
and then m xed 5to odug hy a t f. t ticles. Thus,
for physical m xturgé eac(;ﬁiail % Coflg %:t()sngl)%s%s&f 1c8 hrf’gir;x:)é%?1 irst or the
second zeolite, gqudklbot tpartmct@wtoriasine ttM@eCWﬁﬁWﬁ@@& erﬂéli@ééiﬁ‘%x%ﬂpﬁes 1 and
2 in accordance mi:t.L %l%e@@ﬂ.;t slpggfr&ﬂl%e bave -Rak b &lL3$ndQGRIREI Sing both
the first and second zeolites. cat al yst powders catal yst 3/catal yst 4
were mxed in ar{:qg@;:g@u%|agﬁ]pyq-lé:ta|lom1xture of catalyst particlies.

Thus, for physical mixtures each particle consists of

either the first or the second zeclite, not both. In
contrast, the intimately mixed examples 1 and Z in
accordance with the present invention have particles

10 comprising both the first and second zeolites. The
catalyst powders catalyst 3/catalyst 4 were mixed in an
B0/20 weight ratio.

Comparative Example 6

This catalyst was prepared as detalled in example 5
15 (1.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
20 were broken into pileces and sieved,

The various catalysts were tested to determine the
selectivity towards ethylene and propylene from
cxygenates and stability under such reaction conditions.
For the catalytic testing, the sieve fraction of 40-60

25 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

30 in argon to 525 °C and a mixture consisting of 3 vol%
dimethyl ether, 3 vol% l-butene, 1 vol% steam balanced in
N> was passed over the catalyst at atmospheric pressure

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



Conparative Exanple 6 This catal yst was prepared as detailed in exanple 5
15(i.e. a physical mxture of the catalysts in exanples 3 and 4) but m xed
with a 62.5/37.5 weight ratio of catalyst 3/catal yst 4. For
per f or manceywewadodishon a sanpl e of the respective cat alyStkrB@EekoNVas
pressed into tablets and the tablets 20were broken into pieces and sieved.
The various catalysts were tested to determne the selectivity towards

et hyl ene and propyl ene from oxygenates-an@él stability under such reaction
conditions. For the catalytic testing, the sieve fraction of 40-60 25nesh
was used. Prior dedekeatdd @@ tlﬁé’letofcéesdmﬂ:auahycﬁteri Ahé {Satanpeniwahgher m was

treated ex-situ_in alr t. C for 2.hgurs ct.i on 1S per f or med
'sing a quartz Feactor” ?Lul e grfl S i ﬁtérnarfe (f"f%l at r “The 'Cat al yst was
heat ed 30i n ar goreacoob2Es @nalwked by xdamy ehcorsicgtrnyy ofGCB vol % di net hyl

ether, 3 vol % 1-putene,e Jch\éofar@d%tc‘éa%rg@s@:@%xq 'ﬁeNgoﬁ(}?o%ﬂB%é% over the

cat al yst at at nospheric pressure (1 Hourly Space VeI ocity
(GHSV) is? - 26 kecgeterinlaéad mp tahée%‘ﬁttalbaga% qfl é\}vld%ééjrmpﬁéb@a‘ft al yst wei ght

per unit tinme (Mnedyk&at ahystelbcllvi)y has been defined by the
division of the mass of product by the sum of the masses
of all products.
Results from the catalytic testing are shown in
10 table 1.



rhe effluent fromthe reactor was anal yzed by gas chromatography (GC) to
determ ne the product conposition. The conposition has 5been cal cul ated on
a wei ght basis of all hydrocarbons anal yzed. The selectivity has been

defined by heoficyissi on of the mass of product by the sumebikhestrasses of

all products. Results fgomthe catalytic testing are shown in
10t abl e 1. WO 2009/ 065877PCT/ EP2008/ 065876 - 28 - In Table 1 On
refers to hydrodardyon| gpeci|es | hayilng @ carbon atons, Cn+ refers to
hydr ocar bon spec%é% havi|ng |n or nnre_yawbon atons (n being an integer)
figures include @@; = referqg 1o jo|lefinic hydrocarbon species having n
5carbon atons. Tliex|ijndex| sat s|rief exis|t o/.sat urated carbon species, and tot
I3 %]
u iy -
or totals refer 6@ dkl3nEspécli|ue |Aydl ogar bon species. 15catal ysts 1 and 2
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he addit| - OHOf HEY. 10r ef f al r4g4%$10hal .2e01lte 8 can be seen train the
I ncrease of the DME breakthrough tinme Wth resPeet to oat al Yst 4,
the Present invention provides a 25anmpbunt of e.he Product ethylene.r

oreover t mygduchadeaer anouO- satt. otrarates. A hlgb anuikrde¥sisg4 Produces
lculat rzi is a Partrcular 30di sadvantage, not only as t |lowers the
overall conversion to olefins, but also when (Part of) the 04 fraction of
the Product is to be recYso WD 2009/ 06587 7PCT/ EP2008/ 065876 - 29 -

In Table 1 Cn refers to hydrocarbon species having n
carbon atoms, Cn+ refers to hydrocarbon species having n
or more carbon atoms (n being an integer) figures include
all; Cn= refers to clefinic hydrocarbon species having n
5 carbon atoms. The index sats refers to saturated carbon

species, and tot or totals refer to all respective

hydrocarbon species.

10

13

20

25

30




re ed. CAOnld lini Ad UpTib!sy much nore; Furt her experinents have shown
that catalyst 4 al so produces nore aronmatics, n the experinents us 5dil uted
feed Presented in Table'lt this effect is.not b te tothe -rao l'o

However, itwasedkdy .d.thet..Ib' flvid:b.ed .2 experi nﬁﬂt,@zmjggggﬂpét al yst
an ed feed of Pi gt h. 040014: 000h4WL. ppl ysp4pgQAS, of

The strength of the catalyst particles is measured by

their attrition resistance using a test procedure

i3 described by Weeks et al. in 0il & Gas Journal 88 (16)
1990, Catalysts 1 - 4 were first subjected to a
calcination at 600 °C for 2 hours, Each test was run with
6 grams of humidified catalyst. The samples were
subjected to abrasion for 36 minutes by putting the

20 catalyst in a jet-cup using high velocity air. In this
process, wear on the particles occurs as Lhe 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

25 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 accumnlated catalyst fines
recerded at the given times. An index of lesgs than 20 is
indicated as a catalyst with good resistance for

30 attrition. The attrition rate indicated in Table 1 is
determined by taking the fines formed after 24 minutes
minus the fines formed after & minutes divided by the

total catalyst sample and divided by 0.317 hour. The



1990. Catalysts 1 - 4 were first subjected to a calcination at 600 C for 2
hours. Each test was run with 6 grans of humdified catal yst. The sanpl es
were subjected to abrasion for 36 mnutes by putting the 20catalyst in a
j et-cup usi G Wi@sedel ocity air. In this process, wear m@iespaktd cl es
occurs as the particles collide with the jet-cup wall and each other with
hi gh velocity. The fines forned (less than 16 mcroneter) are renoved from
the cup and collected. The formation of- 26fi+nes is determ ned over tine at
5, 12, 24 and 36 minutes. An attrition index of the sanple was determ ned
by using the sl opereti¢hendegumd ahedsicatialystraftienesr recended atd t he given
times. An index of Iess t@@@a%%a's i ndicated as a catal yst with good
resi stance for “atftrition e attrition rate indicated in Table 1 is
determ ned by taklng the fines formed after 24 mnutes mnus the fines
formed after 5 n i%%éﬁ o &ueuafy thestotal—catalygt—sanpte—and divi ded by
7

0. 317 hour. The 09/ 065877PCT/ E1) ggg§£g@§§gp 1cdbara@iyLy tion index
and the attritio A@g5@159 Teatafyst 1@ aregirvenipy Table 27 Catal yst 1 2

3 (Conparative) #;iffnparative)] Attrijtion index
Attrition | 16.1 }15.9 11.2 26,9
rate
{wt%/h)
Table 2. Results from attrition tesis

From table 2 it can be observed that all catalysts
containing the MTT zeclite with or without the MFI
5 zeolite have good attrition resistance. Catalyst 4 having
only the MFI zeclite shows poor attrition resistance. It
is therefore desirable to have at least the MTT zeolite
present to obtain a catalyst with sufficient attrition

resistance to be applied in a riser reactor.



17 17 13 29 Attrition rate (w%h) 16.1 15.9 - 11.2 26.9 Table 2. Results
fromattrition tests Fromtable 2 it can be observed that all catal ysts
containing the MIT zeolite with or without the MFI 5zeolite have good
attrition resistance. Catalyst 4 having only the MFI zeolite shows poor
attrition resistance. It is therefoleAdés¥rable to have at |east the M
zeolite present to obtain a catalyst with sufficient attrition resistance
to be applied in a riser reactor. 31

1. Catalyst particles comprising both a first molecular sieve

in the hydrogen form having one-dimensicnal 1l0-membered ring
channels, and a second molecular sieve in the hydrogen form
having more-dimensional channels.

2. Catalyst particles according to claim 1, wherein the
Silica-to-Alumina ratio of the first molecular sieve is less
than 200.

3. Catalyst particles according to claim 1, wherein an average
distance between a crystal of the first molecular sieve and a
nearest crystal of the second meolecular sieve is less than an
average particle size of the catalyst particles.

4. Catalyst particles according to claim 1, wherein the
molecular sieve having one~dimensicnal 10-membered ring
channels comprises at least one of a molecular sieve of the
MTT-type and the TON-type.

5. Catalyst particles according to claim 1, wherein the second
molecular sieve is an MFI-type molecular sieve.

6. Catalyst particles according to claim 5, wherein the second
molecular sieve has a Silica-to-Alumina ratioc {SAR) of at
least 6C.

7. Catalyst particles according to claim 1, wherein a bed of

catalyst particles



CLAIMS 1. Catalyst particles conprising both a first nolecular sieve in

t he hydrogen form havi ng one-di nensi orsal 10-nenbered ring channels, and a
second nol ecul ar sieve in the hydrogen form havi ng nore-di nensi onal
channels. 2. Catalyst particles according to claim1, wherein the

Sili ca- torprareraatat eesof 1t Wesf andt lapbethhar 58i evé ©§ tkessehand200. 3.

Catalyst a cles according.to c erel erage dlstance

bet ween aRcryg?al o? Fhegﬁﬁggtoﬁongg}gFaS|g@égand a %ég?es? crys?gPdof t he
second meleeular sievesi snl eans thanlgpravemnpgeipachicle size of the

catal yst particles 4. Cataly particles according to claim1, wherein

t he nnlécupéFaéV§§e9ﬁ5§Fﬁéeﬁnégﬂpﬁéh§90ﬁalCi@lﬁeHbe?éat??ﬁgCEWQﬁhéF§q
compri sesnakrhgashacneegtaa Bl goulat skeyesofokhenEsbypeaandabieng

TON-t ype. ) talyst particles according to claim 1, wherein the second
nDIeculwnlsce&erlSlaneNFlbaypé nnlEbalaotaﬂevetaiﬁstCaaatysiepart|cles

according to claim5,_ wherein the second ecul ar, si.eve 3 -

S 1T ca. Po- A BEPASSFarPD LAARP<GPokE KahsPTonT SYErEliSl DEPARaT e Ehagh
accordi pgotesel abfiptiswherebBranhednobxgakahyst rpasttekrsin32 conprises at
|l east 1 Wt % and | ess than 50 wt % of the second nol ecul ar sieve, based on

t he tot &PAGEILGAt 6P ef iPsthEnBrSEEBAf ﬁﬁlééEPéY5§|E@éEJFheﬁhé%caﬁaﬂv§ﬂ
conposi ti.0 Cat al t d I further
conprls%?geéaﬁgtglngné§%p?g%aFﬁ ?§%Sgﬁ9%6kggfgggﬁogkgﬁéc¥lrst and second
nol ecul ap. sﬁepesgebasedconduhg totanammtatyshepaﬁnlthesrea@tlénpobcess for
the pre gratlon of _an flnlg groduc whi.ch ocess conp rlsgs reacting an
oxygenat 8°f 884588k i ﬁeﬁ PEHEEi Off P6R OFWthén BSeRE&SGRCEalhl §8t

particl escasnglai-pedcskp . claiml1l, to prepare an oleflnlc reacti on product.
10. A process according to claim9, wherein the reaction of the oxygenate
f eedst oék-i & ﬁépﬁ@ﬁﬁeéornthneppﬁégéﬁéeOGfoﬁnaal@ﬁyaﬁeab@ fepgersien A
PrOCESS 5951&9% p[ﬁ BESQSOEoﬁgIQé 98“ 899% ?g?ﬁgﬁé'ySt. the
process conpri n ena rS|o catal'yst particles
conprisbngvb@%hoa EansuyﬁnlpemLablsseuempmlBhﬂghydtbgenfﬁﬂsﬂ1having

one-di nensi onal 10-nenbered ring channels, and a second nol ecul ar_sieve in

t he hydFBgERCHBFnERAEYENg nbPE- BVﬁéﬁgﬁﬁngPrEhQﬁHéPg ongydiRERE HEReS

accor di Rg. h@mﬁ%@b@]%lng“@ﬁéﬁh@l%heaﬁhrﬁts@@gnéeﬁgmgcﬂﬁ5gcgh@9eshﬁvgﬁeare
enbedded in a matrix. “13. A process according to claim 12, wherein a

slurry egappigsingothehéivisty andeségmﬁqsmgheéubhﬁnSﬁéees and the matrix is
oo T 117 Whe PEPRCEPy SEAPE GrYt he FIPAT and YBEBRA" Mol Bbrar CofBles ar o
grown tegebharmolecular sieves are embedded in a matrix.

13. A 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. A process according to claim 11, wherein crystals of the

first and second molecular sieves are grown together.



