WO 2010/ 072706- 1 -PCT/ EP2009/ 067625 PROCESS AND REACTCOR SYSTEM FOR THE
PREPARATI ON OF AN OLEFI NI C PRODUCT This invention relates to a process
and a reawsbanieystoem for the preparatianjof- an ol ef i ni c ppTEPREL/067625
particul ar including |ower olefins such as ethyl ene and/ or propyl ene. Mre
in particular this invention 5relates to a process for the conversion of
oxygenates into olefins. Processes for the preparation of olefins from
oxygenates are known“FnStHePaFFACErR par vl BrRi P E8E 2R RABF PUOF raN
production of light olefins, in paftirentarppOgtibyl ene and/ or propyl ene. The
oxygenat e feedstock can for exanple conprise nethanol and/or dinethylether,
and an interesting route includes their production from synthesis gas

derived frome. g.ppnat li'h‘%'en as or__ |a%e%o%!o gasi ficatian. 15F%rac%>éarnpl e,

W)2007 /135052 di'scl'oses a process wherein a rglcggﬁolanéin&/ or “ether

cont ai ni ng oxygerat &dreedst palepand tdroleef iam © led-ihaed pafelucegctied i n the
presence of a zeolite having one-di nensignal, 10-nenbered ring channels to
prepare an olP&fitHiE edad i gt tiCe e 2 @ard WirerseiGh Far €16 5R€ obt ai ned

ol efi nic reaction Moxtuwra drs T eeye) ed a5 Qliefini.c 1¢0-f gede Wit a met hanol
and/ or di met hyl et her contai ning feedstock, and an olefinic co-feed

conprbsi ng Chednrd/iesr t@5 aolpefiiaes,s droltéfd micoverreduwet ofi chxvigenaitgst ol ef i ns
can be obt ai ne(%. 2? ?.er nati onal patent application with publication No. WO
2004/ 000765 di's¢l §sés Aot her oxygenat e-to-ol efin conversion process, an

oxygenat ed feedstreckesmest rprefrecablneca metibanels ¢artrainkl Fgcheedst ock, is
converted in the presence of a nol ecular sieve catal yst conposition 30into

one or nore GPEFISHEDES el &nabiny @and hsr éddm PanPiay,t1anda20 10Vt E7ZE06- 2
'PCT/EPZOOg/?g{Q%?Fn_theﬁ%ﬂ%kﬁﬁﬁi%@d%%rl @%RYQQQ%iESttQQ.%%&%ﬁ%%qako.as

light olefin is therein recognized as a problem that netals in

convent i onal etéadteore mld/@mo@@tlew@.cam ysdysyeinm ten € ed soog:. siaghe

reactions, sqthat undesirable by: Bprodycts are farned. ot exanple,
an interesting route includes their production from
synthesis gas derived from e.g. natural gas or via coal
gasification.

15 For example, WO02007 /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,

20 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 Cb olefins, an
olefinic product rich in light olefins can be obtained.

25 International patent application with publication No.
WO 2004/000765 discloses another oxygenate-to-olefin
conversion process, an oxygenated feedstock, most
preferably a methanol containing feedstock, is converted
in the presence of a molecular sieve catalyst composition

30 into one or more olefin(s), preferably and predominantly,



catalytically converted i nto hydrogen, carbon nonoxi de, carbon di oxi de,

nmet hane and/ or graphite. By-products are undesirable for various reasons.
Thei r forwatom7k®eers the yield of desired products, | RCTERI@I/OMBASUr €S
are 10Oneeded for their separation and handling, and they can cause fouling
in the reactor system According to WO 2004/ 000765, the inner surface of
the feed introductiog_nozzle/pf the reactor systemis maintained at a

tenperature bel oW 400 G 58t Pr S e Thete g& % 150°E 1t

was found thafdm 8 d)eactori Qpefatead bﬁi&%{ﬁi@éjt%r@dﬂleengm%é{?g' i gible
amounts net hanol are converted. The control experinents disclosed therein
i ncl uded a r étrs Wit PN icanadloatd a0 2 07Fel 9 ove\t erfferast urae aoffy titve

inlet nozzle jn \Q C?FQP‘MOQPe%Q]E’deC%abc%[i (‘T@ eved tbfya ulno&% t.enperature of the
f eedst ock, or providing a cooling systemdadr Thermal i'nsulation fbr t he
nozzl 8. Howeweroduatooldnyg Systcein florr thaanpizz| encaddsdlo ddie weonpl exity of

the reactor system 25and durable thernmal insulation faces practi cal
difficulties %@ﬁ%tﬁe? Sha . @it v i Mg o ioh SEhan e 9 of a

riser reactorcdMhigh catal yeicald iLlesarg Fed s wello@sifdidl d e
reactants. Mreover reaction tenperatures are sufficient to cause sone
deconposi t i ovBBEfl yedtlivarfolr, var USE004 (07T 1 Zhaihe frozete drs looamted with a
mat eri al resits};teant.etlod tol}e dfeosrirrraet' on of et al.-catal yzed side reaction
byproducts, in particularly metal falioys ° WO 2o0Tor 027065 ES @€

3PCTL EP2009/ Qf=taRhl aftd rdes 1 ispartdtCirararst aiddEssSt egld alte Ppreferred,

al t houghsone non-netal materials are also nentioned. In the exanple, a

st ai nl ess st &8US%d@Or Was U H7F @ sifYd®oat ed reactor was used for

a_control -exper | ment, . BFor heisbaionl g -wheelenperat ure cont rol (g still

necessary, as explained i'n paragraph 86 and table 2, where the 316
st ai nl ess st deled eadtmyrduconiveer ez 1si grfi fihcante sarmunts yaft emetilkanol above 450
C. maintained at a temperature below 400 C, most preferred

15 embodiments are below 150 °C. It was found that in a
reactor operated below this temperature only negligible
amounts methanol are converted. The control experiments
disclosed therein included a reactor with a silica
coating.

20 The low temperature of the inlet nozzle in WO
2004/000765 can be achieved by a low temperature of the
feedstock, or providing a cooling system or thermal
insulation for the nozzle. However a cooling system for
the nozzle adds to the complexity of the reactor system,

25 and durable thermal insulation faces practical
difficulties when the mechanical duty is high, such as at
the inlet of a riser reactor to which catalyst particles
are fed as well as fluid reactants. Moreover reaction
temperatures are sufficient to cause some decomposition

30 of methanol.

In US2004/0077912, the nozzle is coated with a

material resistant to the formation of metal-catalyzed

side reaction byproducts, in particularly metal alloys



Oxygenate-to-ol efin processes often operate at 10 tenperatures exceeding
400 C, 450 C, or even 500 C, and the netal -catal ysed production of
by- producwe 20ror7emses with tenperature._ 14 is not gener @CiEPsMbiosRENt tO
only deal with the nethanol deconposition at the inlet nozzle to a reactor
system Also parts within the reactor system l15are exposed to oxygenates.
Bui l ding a Iarrtgjcg art of a reactor system from st%i nl ess steel is

r

unecononi c. UL DR ObteM s Sttt e et G ht 1At RIS bed or

riser react org syisd@sonheden ther Latad st i Pad td .l es) & endvi et i gh
velocities, so that abrasion 20 resistance is of inportance. Stainless

steel has | ovigre HexaivRks thatt Tar bo?e stiewt]l 1ddewseian siddcanda i ng
woul d be i nsufj ciently. abrasionrssistanty cop here is a need; for, an
0 e-to

i nproved way of - Toweri ng or mat 1 on y- pr oduct's i T ox gena
ol efi B 25conversitdie pochssess catsel, hymmatadytd ccactidi tys oftthe metal in
the reactor s stem in particular allow ng use under rtﬂghl y abrasive

condi tions. Hetotidanc® IR R HET nve TG 1aRt €9 et & process

for the pr epem@éf@rugi 2 odefd i & Product by, LE&ACtiNg, 4 oxygenat e
feedstock 30in the presence of an oxygenate conversion catalyst within a

reactor syst efrﬂmmdialrcajxtyg%mret tof oleefhiancmiarst b @otidi tions, to obtain
the olefinic pro er ¢ n the reactor s ste has a co tact. surface
coming WD 2010/ 8:3;(?’7;(?6“ Wﬁ@%e 3 ot &35 th Yxygenat es and
wher ebn at | aa@tpe;)@dﬁuﬁs tél@ce%ﬁlitraﬁtll surd,aces d so,anmatedd aoofc t hend ormul a

MX wherein: Mis a netal and Xis C, or 5Mis a netal or Si and Xis N
Appl i cant has-edls Fd taiat L ¥4 m%wom%rbﬁtgrqﬁmﬁ%@%%m

suppr essi on qf; e g@% agﬁ%fp%ﬂt'so%%e%éﬁll Pﬁlhtef Advant age

properties that are of i1nportance int practical design and oper at on of
a l1lOreactor sisstlemmitOn tthee Imméﬁaha:rﬂd CIEIT&S’IQ)GEBJI’EEH‘QIBJES: care adviant ageousd y be
provi ded as coatl ngs on e carb steel not, qglrln an exten3|ve use

of stainless &t &bl FHIS, %etné'rl RIS Ot

netali5 and Xd:s angdfedN @nth:Ggavidded n Hihe 41014 camrtgcgéle%%ias_& rceff ef r ed to as
an inert material. It is noted that the silica coating used for

conparati ve SRS 56 VD! 20047 GODV65L %8 ¢ ]l yi shotner usatiy - dbtl on to be
used in a pr f%%ﬂu# 592J§¥§tfgneﬁgguﬁ¥gﬁ%mPQS§ fgéﬂ RS aRbhicer) éﬁ

har dness, whi'ch can Oexanpl e be expressed as a m crohar ness o wel |
bel ow 610 or riser reactor systems, where the catalyst particles

are moving at high velocities, so that abrasion

20 resistance is of importance. Stainless steel has lower
hardness than carbon steel. Likewise, a silica coating
would be insufficiently abrasion-resistant.

There is a need for an improved way of lowering the

formation of by-products in oxygenate-to olefin

25 conversion processes caused by catalytic activity of the
metal in the reactor system, in particular allowing use
under highly abrasive conditions. In accordance with the
invention there is provided a process for the preparation
of an olefinic product by reacting an oxygenate feedstock

30 in the presence of an oxygenate conversion catalyst
within a reactor system under oxygenate-to-olefin
conversion conditions, to obtain the olefinic product,

wherein the reactor system has a contact surface coming



kg.mMm 2, see K Aikawa et al, Journal of Materials Science vol. 13 (1987)
p. 37-42. Also it is known that silica is subject to hydrothermal

degr adat iwo 20dv/zbrosekes it unsuitabl e inzan oxygenat e-t @eculErhimadsTRRCt OF
system 25where such conditions prevail.. The materials of the

i nvention exhibit high abrasion resistance, so that they are very suitable
for use in any part of a riser reactor system In a preferred enbodi nent,

the i crohar difeSER 5T BHFY IOKVIE AHE ek RS TR dAds 32951 R et act

surface is 200Q k@R Qfudtgheris ldh was draund dehahdatr A nhaweinx
m crohardness abrasion-resistance is insufficient, in WO
2010/ 072706- SPEFEEP2009/ 067625 particular in a fast-fluidized bed or riser

react or envi r,onnent . T 1.C (I\l%mrd ess of a material can be determ ned
by standard tbﬁe)s]twsg aac%e09a| nagrpcfogndsﬁ' 'E-384. 5For exanple, the m crohardness

of Tidl is abavei 2000ndega IMe2.sThen orpianyy BryCoat speci fies 2500- 3000
kg.mm 2. The m crohardness of CrN_.is specified by the conpany BryCoat as
2200 kg. mm 2. ThéPrildoRar dRés & <6 1556 it§1a§—p§@il1si &%aﬁf He m@&ﬁﬁérﬂs

10Accurat us a3 2800 K@ 31d.onlth AR efaned embedinent, dd-das eenfound
that titaniumnitride effectively Suppresses catalytic activity of the
cont act surf dogetincox ygamatogtieg- eldefant agemver siroperThe st gdctt enwrecard be
operated at a_hi %her 15t.er‘rpc%rature of _the, caont act dsurfac W_t hqut. undue

met hanol decdfpSsitiGh, 1 RopReFSTaniy (e i%e At TitP&r a9 °4 FPayer on a
substpate, e.r@acko0alyist@n Aldreromat iorel e tielee narddrclae sTenbe made from
the inert material. 20The thickness of the |layer may be in the range of
advantageously be provided as coatings on e.g. carbon
steel, not requiring an extensive use of stainless steel
parts. A material of the formula MX, wherein M is a
metal, and X is one of N and C, will in the following
15 also referred to as an inert material.
It is noted that the silica coating used for
comparative examples in WO 2004/000765 is clearly not a
useful option to be used in a practical reactor system.

Not only does silica have a low hardness, which can for

20 example be expressed as a microhardness of well below 610

kg.mm‘z, see K. Aikawa et al, Journal of Materials

Science vol. 13 (1987) p. 37-42. Also it is known that

silica is subject to hydrothermal degradation which makes

it unsuitable in an oxygenate-to olefins reactor system,
25 where such conditions prevail..

The materials of the invention exhibit high abrasion
resistance, so that they are very suitable for use in any
part of a riser reactor system.

In a preferred embodiment, the microhardness, in

30 particular the Vickers hardness, of the contact surface

is 2000 kg.mm‘2 or higher. It was found that at a lower

microhardness abrasion-resistance is insufficient, in



fromO0.1 to 50 mcrons, preferably fromO0.5 to 10 mcrons, such as from1l
to 5 mcrons. The inert material may have a thermal conductivity of
nore t harwo 201se70m K. 25The netal M nay be sel ect ed fr @GTEPRO0GI06T6RS
consisting of Cr, Ti, B and Zr; preferably fromTi and Zr, especially Ti.
For preferred enbodinents MXis one of ZrN and TiN. Typically the
tenperature of the contact surface. Icgi 30(53; (%lnert mat erial can exceed 350
C, in particlar-tAN Txced 400°'C, bt 797 pard i Cul B San @&ed 450 C
Normal |y the deppesatake. of the contact surface with the WD 2010/072706-
6PCT/ EP2009/ 067625 inert material is |less than 650 C, especially |ess than
600C, often |ess tramBEpEgrdness Tie dxajeatel fewdiocke tomprsesy

oxygenat e spegci pgyi - e il oup, such as net hanol ,
5di net hyl et he%&%%e er%@gt%&%ﬁ%ﬁﬁg%d%ée@égo% L{'corrpri ses at |east 50
wt % of5 net hanol andf arxahipriet hytlet heircratoredpref esabl W ats | gaste 8 Wt % even
nore preferably at }eeast 90 Wt % The oxygenate feedstock can conprise an

amount of waths,mpref eftabl golessy tHayC D wivg c 0o &2 pi ef 8¢ @bl kg less? t han 5
wt % Preferably the oxygenate, feedstoc ontai ns_essentially no
ﬂl mlcgror}lardn%sess,of) é(rI\F 18 SSR%Cafo]'éeCaﬁ}%)é %{eef%qj%ri,y | ess

hydr ocar bons ot her T H&n oxygena i.e. les

than 1 W% 'é‘rjﬁ&%@@é’dimtk t oXxygenate i s obtained as a 15reaction
product of synthesis gas. Synt%'e@?_s gas can for exanple be generated from

fossil fuels, suchasufoormaainesd gasSiar i |spari framidsheclgasidneaty on of
coal . Suitable processes for this purpose are for exanple discussed in
| ndusfrial O THem $t4800 Kiausn 20Wei sser mehl and Hans- Jurgen Arpe, 3rd

edition, Wley, 11%9761 ﬁﬂiaegf?e%rje% @nboTﬂH?e;gch%tglﬁaos Ci)eesecr{ ifjo%sr]c} hcef'la nufacture
of nmet hanol from synthesis gas on pages - . n anot her
enbodi ment t hel toxyigenat e 1 isdeobt afaredi Felom suppresses catalytic
activity of the contact surface in oxygenate-to-olefin
conversion. The reaction can be operated at a higher

15 temperature of the contact surface without undue methanol
decomposition.

Preferably the inert material is a layer on a
substrate, e.g. a coating. Alternatively the whole
article may be made from the inert material.

20 The thickness of the layer may be in the range of
from 0.1 to 50 microns, preferably from 0.5 to 10
microns, such as from 1 to 5 microns.

The inert material may have a thermal conductivity of
more than 4 J/sec.m.K.

25 The metal M may be selected from the group consisting
of Cr, Ti, B and 7r; preferably from Ti and Zr,
especially Ti. For preferred embodiments MX is one of ZrN
and TiN.

Typically the temperature of the contact surface with

30 the inert material can exceed 350 °C, in particular can
exceed 400 °C, more in particular can exceed 450 °C.

Normally the temperature of the contact surface with the



25bi omaterial s, such as through fernmentation. For exanple by a process as
descri bed in DE-A-10043644. Thus the oxygenates can be a feedstock,
such as meoharal7270er reacti on product s/d ng er nedi at es, sech/Eesodiossbhy|

et her. 30The oxygenate feedstock can be obtained froma prereactor, which
converts nmethanol at |east partially into dinethylether and water. \Water

may be renoved by e.g. distillation. In %%jscMay, | ess ter is present in
WO 2010/07276@ﬁf% ﬂﬁ%ﬁﬁ%@- Gévgé#@2§hﬁﬁe Pocées SFPEIMN et iliG Soxyigenat e to
ol efins, whicghohras advant ages fart ke gprecess design and | owers the
severity of hydrothermal conditions the catalyst is exposed to. Thus the

react or system najeconppesetat fredstooRecofprigeef ersibbypasny speoies,
especially all _of; pre-rector for nyerti t least _so t hanol to
the%?vénﬁegp oxggg% %opdgd %%g g%ya@%u su%§ 230fE el g

di et hyl e er heat'’ng enatés and a " nain reactor for
convekti ng oxygenatestherol efrefisrably the ox@pthanal lfyesaicdceont act surface
of the reactor systen110conin% %nto contact with oxy%enates, conprises a

contact surf&6BPEF 588 dthegeer. OV Lo pleferapry it RBYRygenate feed into

the main rea@&%@th%l@%h@r@e%B%%ab§%§e95b§?0$% 309€ ppeferably.abpue 350 C.
15Normal Iy the main reactor has an inlet for oxygenate feedstock, such as a

nozzl e. Opti omalfkyabaivdatontast 90rfiace Ghet haypeaeter fspsssnmcéoning i nto

tact with tes, [ t act f id inlet. Th
Comperat ur e 67 FR6 oS! & AR b aBaIE 40D CEoL R S0pAP T ol AP dBoVE 450 C

Prefepabl y t herexygematanfigedskeckhbs reattedpt-erpraduge thbeocakgthaie
product in the presence of an olefinic co-feed. By an olefinic congosition
or stream stERIGSCEK SPELPARE BPEGUEL21pFoaBACchYFFraERIEAT ST PABEIORAN

oxygenates, i.e. less than 5 wt?, preferably less than 1
wts.

In one embodiment, the oxygenate is obtained as a

15 reaction product of synthesis gas. Synthesis gas can for
example be generated from fossil fuels, such as from
natural gas or oil, or from the gasification of coal.
Suitable processes for this purpose are for example
discussed in Industrial Organic Chemistry, Klaus

20 Weissermehl and Hans-Jlirgen Arpe, 3rd edition, 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

25 biomaterials, such as through fermentation. For example
by a process as described in DE-A-10043644.

Thus the oxygenates can be a feedstock, such as
methanol, or reaction products/intermediates, such as
dimethyl ether.

30 The oxygenate feedstock can be obtained from a
prereactor, which converts methanol at least partially
into dimethylether and water. Water may be removed by

e.g. distillation. In this way, less water is present in



25effluent, reaction effluent or the like is understood a conposition or
stream conprising one or nore olefins, unless specifically indicated

ot her wi sewo@fvarr2mpeci es can be present. as wel|l. Apart fcompredsiosTss;s t he
olefinic co-feed may contain other hydrocarbon conpounds, such as 30for
exanpl e paraffinic compounds. Preferably the olefinic co-feed conprises an

olefinic portion of nore than 50 wt,% nore preferably nore than 60 wt %
still nore préfePabSySTord AN S7O WX WFER 16 ¢ r??ic,efﬁ&st'i S ARphas

2010/ 072706- BRCHER200906 7625 £0onsicst $1af: 0l @hidn (ke rENG Hal @iz rgo- f eed
can al so consist essentially of olefin(s). Any non-ol efini c conpounds
in the ol ef i wifc haslfodde raed progfdertalpng pacafckitsily stompo grd.seSudty -
paraffinic 5conpqunds .are preferabl resent in_an nt, in.t r e from
0t 6 50wt % oy o ef aFaBy I RS ARGty GBS a0 et T Hore
prefepably i prdfe maange anomd toF ,3@ swic%i aBy vam1al effi:n a $rundersicaod an
organi ¢ conpound 10containing at |east two carbon atons connected by a
doubl e bond. TPHe Ot 1E8h e &N GGGt RomaH 1§ SHESFSBISE5dnd 2 or a
pol y- ol efi n, phaving Awo 1/ o1e rdeublie Ronds.c Bref er abliy, olefdns. piogsent in
the olefinic co-feed are nono-olefins.” 'C4 olefins, also referred to as

but enes 15( 1-dvutverre,1n2- butveree,a tieso-toutodred,1nand/ or but adi ene), in particul ar
C4 nono-ol efins, AL prelferred conp ner%ts i n t he gl e i ni_c c%-feed.
Preferably the of&Fifi¢ldd- FE&E IS & AtedSY T55Ft Cal 1N SoBFAITEd By & Fecycl e
stream f or nedday niceayeld n@na a2@s uiittablos vigeaettean) efontdie segact icom tRrcaduct
conprising C4 olefin. The skilled artisan knows how to obtain such a
fractions fr MAREIES iSFil¢! Peadtion ef fl uent such as by distillation. In

one enbodi ment ab1.gast A0 W% of e QLefi€ 1604 the main reactor

is at a temperature of above 300 °C preferably above

350 °cC.
15 Normally the main reactor has an inlet for oxygenate
feedstock, such as a nozzle. Optionally said contact

surface of the reactor system coming into contact with
oxygenates, comprises a contact surface of said inlet.

The temperature of the nozzle can be above 400 °C, in

20 particular above 450 °C.

Preferably 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,

25 effluent, reaction effluent 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

30 for example paraffinic compounds. Preferably the olefinic
co-feed comprises an olefinic portion of more than
50 wt%, more preferably more than 60 wt%, still more

preferably more than 70 wt?%, which olefinic portion



25f eed, during normal operation, is fornmed by the recycle stream
preferably at least 90 wt% nore preferably at |east 99 wt% Most

pr ef er ablwothm/mbmbi ni ¢ co-feed i s during normal oper at ipom/BEresoomersky t he
recycle stream so that the process converts oxygenate feedstock to
30predom nantly light olefins without the need for an external ol efins

stream During normal gperation neans for exanple in the course of a
cont i nuous oﬁgP§ﬂ§5ﬁ 82 Pﬁ@fﬁpgééss?aﬁoplﬁ lPéEsFO7%@?gfcﬁﬁea e on

stream The ngggg%ogggggggal@ﬁC@&Eggg@@ﬁQ@g@25 ol efinic co-feed may need

to be obtained froman external source, such as froma catalytic cracking
unit or from a napht hencrackenlcdgompguscar ttnuphef ctlied ipriocess fedden t he

reacti on effl nt rises no or-.insufficie 4 lefins... .
o balarl y o a e b TR 00 o2 L LB B 5, B BT F B omt i i ng
C4 ol ef i n(s) cobubunbischreapralfseabogt airesansi gni thcanbuanount tak ot her C4

hydrocarbon species, in particular C4 paraffins, because it is 10difficult
to econoni calFPy98eparst & €2 olef’itns FAdSpRFEFFIrAS]Ysdehtas ByndrstiPMati on.

I'n a preferredc.empodipent jthe olefbnic.¢arbeed andipeef.gnabl ¥ akse the
recycle streamconprises C4 olefins and | ess than 10 wt % of C5+ hydrocar bon
speci es, nor8llbpreferably at |east 50 wt% of C4 olefins, and at |east a

total of 70 mﬂ@bgj A h{d%ocarbon %pecies. The .ol efinic %P-feed and
preferably al so the PedyEle stredM CCan o Far OFEarar CORFE" A at | east a
totaloof 90 wh¥raefinCadghydr oeasbonwspearesn bkRoaspeehaeredd2@enbodi nent, the
olefinic co-feed conprises less than 5 wt % of C5+ olefins, preferably |ess
than 2 wt % ofiogb+eoPerfns 'hevenchpre CpreP8r abMprPesd ethan Loyt vPoPRes+

Che! ot aracbbed Seckte feey e, SLTERT, 10N cPLS! predmnpd et
speci es, prebendbl.yPreferably olefins present in the olefinic co-feed
are mono-olefins. C4 olefins, also referred to as butenes
15 (l1-butene, 2-butene, iso-butene, and/or butadiene), in
particular C4 mono-olefins, are preferred components in
the olefinic co-feed.
Preferably the olefinic co-feed is at least partially
obtained by a recycle stream formed by recycling a
20 suitable fraction of the reaction product comprising C4
olefin. The skilled artisan knows how to obtain such a
fractions from the olefinic reaction effluent such as by
distillation.
In one embodiment at least 70 wt% of the olefinic co-
25 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
30 predominantly light olefins without the need for an
external olefins stream. During normal operation means
for example in the course of a continuous operation of

the process, for at least 70% of the time on stream. The



| ess than 2 wt % of C5+ hydrocarbon species even nore preferably less than 1
wt % of C5+ hydrocarbon species, and |ikewi se the recycle stream Thus in
certai n pweferwearoenbodi nents, the ol efinj c 30portion ofcrhraoebiods c
co-feed, and of the recycle stream conprises at |east 90 wt% of C4

ol efins, nore preferably at |east 99 w% Butenes as co-feed have been

found to be particularly beneficial for hjigh ethylene_ W) 2010/072706- 1 O
-PCT/EP2009/8§?§2§1§eF86F?$ 9?YTH8P§fGPekgn8gﬁéﬁpﬁgu¢£PPyaEu?F&SFEa ecycl e

stream consi sbgressenticdl by, firof- af @Rtal yheast 8 wh¥ wafi t1obutrens, a
2-butene (cis and trans), isobutene, n-butane, isobutene, butadiene. 5In

certai n enbodembihts, crhekeseydbgispr eamrcanrabsotbenpriosespgr opyeanéheThi s
may be pref erred whan 3 RALLECULALLY EODPLOdYEL0p, af gthylene s
P ot “th F ducéd;

desired, so t hat part "of "a e propylene pro such 'as at least 5
wt % t ber eof , oilefrieeycl ed together with C4 100l efi ns. The preferred
nol ar ratio of oxygenate in the ox%genate feedstock to olefin in the

ol efinic co-feed*dBpERIS ORI HePSBaErfPE BxFgeRaferGSEdLand tREMNARDEr Of

reactive OXYQ%”fQQ@@%@naEKMkaQEQHBFcﬁh%g%kﬂn(QB?f%ﬁ%b%ﬁi%ﬁtB%n”gh%B ratio

of oxygenate to olefin in the total feed lies in the range of 10:1 to 1:10,

mor e pref er abbyteant hesigngéiobnb: dmpont: 6fandhsti ¥ hodeopreberably in the
range of 3:1 to 1.3. Ln a %%eferred %nbodiggnt wherein the_oxygenate
20conprises GRTY ohe 6Xy§ER-BERAEA et Ryl °groll, SGERYSS bt AEnol, the

mol arorati o prefrecablkytbi esohBmtbhalngngephi-ame5cl boekibsanddnore
preferably in the range of 2.5:1 to 1:2.5. In another preferred enbodi nent
wherei n the BRYy§énaté  25e6RprEsey wstoxygéncbonded net hyl groups, such as

for exanpl e di methylether: EQ%_g%%%63&ggkotmrefqr%QIg | ies d.n 4t he 4range
fromb5:2 to 1:10 anél #Dreegrefera Iylln t he rear?gg 01‘rl 2(:1C toe1:4. Most
preferably tbeefelrablyabileoi nhsuckcacdasetirsamncbheriargeCéf olefSitsto 1: 3.

30The prOcesgngolgggp%kgnaQOoa%éigfi%SErEE 2%22¥bon speciesg, more
15 preferably at least 50 wt% of C4 olefins, 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
20 embodiment, the olefinic co-feed comprises less than 5
wt% of Cb+ olefins, preferably less than 2 wt% of CbHh+
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
25 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 Cb+ hydrocarbon species,
and likewise the recycle stream.
Thus in certain preferred embodiments, the olefinic
30 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

found to be particularly beneficial for high ethylene



carried out in presence of a nolecul ar sieve having one- dinensional

10- menbered ring channels. These are understood to be nol ecul ar sieves
havi ng onvg 28f/orereber ed WO 2010/ 072706-14 1 - PCT/ EP2009L@GPO@S/06760%)
channels in one direction which are not intersected by other 8, 10 or
12-menbered ring channels from another direction. Preferably, the nolecul ar

sieve is selected fromthe royp of TON-type (for exanple zeolite ZSM 22),
MIT-type (forsei-%ﬁﬂ’éti’eol ingrz%W§3PPes?ﬁ¥£§rﬁBf1€Féﬁ/ é%éﬁﬁpieséiﬁ)ﬁ%e

SFF-type (f_Orst%ééfﬁph%_n§§été4)esSEH@iEX@% (fioe .exanphe ZsMs80po and, EYr2-type
nol ecul ar sieves or m xtures thereof. ONWT-type catal ysts are nore

particul arl yldescenbedZirhugege US1iA- 4n0761842) , Fosopuitposesnobuthacpr esent
invention, MIT is nsi dered. include its isotypes, e.g., ZSM 23, EU 13,

| SI-4 and KzZ- 95 E%@preu%ggéégﬁér sieves are nore particularly 15descri bed
in e. g US A4, 556, 4é7cakar epubposestef the peesent saveaihi ean FONoi S
considered to include its isotypes, e.g., ZSM22, Theta-1, I51-1, KZ-2 and

NU- 10. EOUPIigBePHOPELENEr LPavedayr BenBreLparerciP&R § described in

e-g-_US'A'41§%Zt§%Z1aEQ? RYLROsEs 1Akt he %Qp%%%gﬂénhniénbheﬁmeép'%oiS
considered to include ifs isotypes, e.g., ZSM48. In a further
preferred enbbditneatrtacmobédubdr tseepacol/lehe MFTduypd, such as ZSM 23,

and/ or a TON-t , =such ZSM 22 i s used. 25The nml ecul. i,eve can in
particul ar bACHR CaPultroS FECare. An BTN Aae P OEALE il BuLdr oi eve | 5
al sotpeferredit@ias.a zeolite. Ml ecular sieve and zeolite types are for

exanpl e defined in Ch. Baerlocher and L.B. MCusker, Database of Zeolite
Structures: 301 ntlpe PERGSITZEIs e, wPé 16r §LdREIaSESE, 1ihitéls dat abase

oxygenate feedstock to olefin in the olefinic co-feed
depends on the specific oxygenate used and the number of
reactive oxygen-bonded alkyl groups therein. Preferably
15 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
20 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
25 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.
30 The process to prepare an olefin is preferably
carried out in presence of a molecular sieve having one-
dimensional 10-membered ring channels. These are

understood to be molecular sieves having only 10-membered



was designed and inpl enented on behalf of the Structure Conm ssion of the
International Zeolite Association (1ZASC), and based on the data of the 4th
edi ti on olotbm/o7W062010/ 072706- 12 - PCI/ EP2009/ 067625 ArlCaxpedoodembst e
Structure Types (WM Meier, D.H dson and Ch. Baerl ocher).

Preferably, molecular sieves in the hydrogen formare used in the oxygenate
conversion cataly %1 g 5HZSM% HZSM 23h apld HZSM 48, HZSM 5.
Preferably aFlP8a§ 2BOGw W BFe ﬁF@FEF&BIV 4CH 848t "95%- R SSCIFE mor e
preferably atl east 98% wowoand 2mpsti-pr-eherablby -180%e0t tthent ahaknhamount of
nol ecul ar sieve used is in the hydrogen form "Wien the nol ecul ar sieves are
prepared in #$0rketprasence of organlc cations the nol ecul ar sieve nay be
activated by hea%&gger%b%n |n m% i Xﬁ %I%%%v%tn%s%@er%6 QT g%_% %rganlc
cations, for exanple, Héa t at “at &rat ur € over e our or
nor e. 5The zegkbtie bs E@uke@bby ab&aeaedpue thelsedi usMer2l5purassiue f orm
The hydrogen form can then be obtai ned by an _ion exchange procedure with
ammoni um sal t§°FoPFaRBd Sby canstfer Sieat) e r eaFmenPS f6PreREAPreSi nS4n i nert

or oxidativesah rm%@@ertgpet (8oL-CBRARBS T 850V ) BOQU@-tyge mebecukarssieves
obt ai ned after i on-exchange are also 20referréd to as being in the anmoni um

form ZﬁMaSQﬁefendeaUeﬁbodpﬁemplehelamleeeWas sireve xhavienrg
one- dlnen5|on frrenbered ring channel s conprises at |east one of a
nol ecul ar S|§ 89 the MIT-type and/or of the TON-type. Exanples are ZSM 23

for MIT, and ZSMEZ-f@be22E1ysts alPeeherablyrttheumlrequldascsiieee havi ng
one-di nensi onal 10-nenbered ring channels has a silica-to-alumna ratio
(SAR) in theeranglSfroft £ 7008580, FprePBraBE}SI ATt hECr RA§ESFFom 10 to 200.

The SAR i's d‘ip'v@ﬁ@léﬁ tﬁ%ﬂ%%h@&h&% %95 9%’1%%%1:%%%‘8%9 ading to the

conposition o e nol ecul ar sieve. For ZSM 22, a SAR | the range of
40- 150 i s pref.grredsM-a3pakEti-dal af Siin4t hedr &dge .of 70- 120. Good WO
2010/ 072706- 13 P%TQEE%OQ%G%%L %? sieves are more particularly

15 described in e.g. US-A-4,556,477. For purposes of the
present invention, TON is considered to include its
isotypes, e.g., ZSM-22, Theta-1, ISI-1, KZ-2 and NU-10.

EU-2-type molecular sieves are more particularly
described in e.g. US-A-4,397,827. For purposes of the

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

In a further preferred embodiment a molecular sieve
of the MTT-type, such as ZSM-23, and/or a TON-type, such
as Z3SM-22 is used.

25 The molecular sieve can in particular be an
aluminosilicate. An aluminosilicate molecular sieve is
also referred to as a zeolite. Molecular sieve and
zeolite types are for example defined in Ch. Baerlocher

and L.B. McCusker, Database of Zeolite Structures:

30 http://www.lza-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



performance in terns of activity and selectivity has been observed with a
SAR of about 100. For ZSM 23, an SAR in the range of preferably the
SAR i s i nwoheiwarme of 2 - 120, nore preferably 10 - 10@cTEPs@eOsBRS Y
30-80. Good performance in terns of activity and selectivity has been
observed with a SAR of about 50. In a special enbodi ment the reaction
is perfornmed_in the presence of a nore-dinensional polecul ar sieye, such as
ZSM 5. SuitaﬁF}aﬁoOFh?§ogﬁ5etﬁ§r8§§6éﬁapgp8§n6@rgroweiﬁéatQrﬁstOgﬁﬁﬁrises
at least 1 W%y based eritehalynol ecul ar sieve in the oxygenate conversion
catal yst, of a further nol ecul ar sieve having nore-di nensi onal channels, in
particul ar at |east Sratferadre melpavteculsaevas Feashe8hwdupgebTHe rfurt her

nol ecul ar si eye havi,n -di.nensi onal. ch els i nderst ood to have
intersectingggﬁaH%éPsng%ég géngF%?&S P%g%??éﬁé_cégglﬁgF'ega Sf'e, the
channel strugtgMe2ps Hacmed3of asdbstvanmtual, | yzparal.l eke€baabelsaicn a fir st

direction, and substantially parallel channels_ in 20a second direction,
wherei n chann&Psti RUChE/Firr 8PranB*§éE6RM i PECEFEAS PArerdder ST1LL

| nt er sect | ongouht B3 cbuLbher Jehanagk byRe.aie .aksAoBespiblre-Bief cbabl y the

channels in at | east one of the directions are 10-nenbered ring channels.

The second nolfetbkatosieevemoantbeff oplexadplresac28FERetlype zeolthte which is
a tmo-dinens%ogal str¥ctureW§nd has 8- .and.10-menbered rings intgrsecting
each other. Pref8fably howeVsr t iE%i RP&rsEeting ERaRnels PhePRE“Seddnd

mol ecol ar si eve preseach 10- serbaredceitAgnehanaehslcthus rt Becseconsg

nol ecul ar sieve may be a 30zeolite, or a SAPO-type (silicoal um nophosphate)
mol ecul ar si BfedChbiatpfeber aBRy theweePt RECEECOARdOfBPEEdNar sieve is a

zeolite. A P%%R%%%ﬁ@réeﬁengem®€%29%8591%7géti%né,- SE’EE%RBQ@QGé%E5
nol ecul ar sieve is an M-I -type zeolite, in particular zeolite ZSM 5.
heating at a temperature over 500 °C for 1 hour or more.
The zeolite is typically obtained in the sodium or
15 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
20 referred to as being in the ammonium form.

In a preferred embodiment the molecular sieve having
one-dimensional 10-membered ring channels comprises at
least one of a molecular sieve of the MTT-type and/or of
the TON-type. Examples are 2ZSM-23 for MTT, and ZSM-22 for

25 TON.

Preferably the molecular sieve having one-dimensional
10-membered ring channels has a silica-to-alumina ratio
(SAR) in the range from 1 to 500, preferably in the range
from 10 to 200. The SAR is defined as the molar ratio of

30 Si0,/Al503 corresponding to the composition of the

molecular sieve.
For ZSM-22, a SAR in the range of 40-150 is

preferred, in particular in the range of 70-120. Good



The presence of the further nolecular sieve in the oxygenate conversion
catal yst was found to inprove 5stability (slower deactivation during

ext ended wonsjo/@emehydr ot her mal st abil Ltyszconpared to apcaiEebysiewks h only
t he one-di nensional nol ecul ar sieve and w thout the nore-di nensional

nol ecul ar sieve. Wthout wi shing to be bound by a particular hypothesis or
theory, it is presently 10believed that this is due_to the po sibklity for
converting IQPSéPrWBPEEUFESt8§m§h8f5385ﬁ81ﬁﬁléEQIéFl§F§&¥lﬁ§vgﬁ§ een

nor e- di nensi gpak ¢hanneks, st Bak wer eppreduged by the first nol ecul ar sieve
havi ng one-di nensi onal 10- nenbered ring channels, and whi ch woul d

ot herwi se form 15e6k&SMMRen Ehe SéRe-ldi rrdssirengle alfumiredsirelilyattéca®d Rt he
nore-dinensigga& n%b%cggaresg%vg gr§250rggkgt ge%%cgbﬁhaﬁotheXO%re pr esent
in the sane cataPys parP?cIe, Such™as’in-a s%ray-érle& particle/ this
intinmate m xewasciiaung Bo-BOpPr gvedt bersekreahcwi iy tewasdsfethylkeneyand

propyl ene, 20nore in particular towards ethyl ene. The weight rati o _between
t he nmol ecul aPnsli é¢éSRAVIVAGYoRESdPRERSPBASK VED- "Aehber é8Rr PAg2BREANels, and

the further nol equl ar $jceve 1hayiag mRLe- dhrensienal,channel s capbe i n the
range of from 1:100 to 100:1. Preferably the further nolecular 25 sieve is

t he m noritytbenporerncei oé. at herabdvaewsiight lr abileciuidat: $itgel00uth nore

preferably in t range of 9:1 to 2:1. Preferably the further

ol coul ar i e tl & VeI EFRb bkl i “8FeVBE FHURRRELEUar "SaoI e ZSM 5,
havi ng a 30Schkiteayke- Abtpirigckakico 1SARtOf at:l edskeB0onmepeapref erably at

| east 80, even nore preferably at |east 100, yet nore preferably at |east
150. At hi ghBPLlSARLEHe SpeiEentlagbcoP*E4e8at Gr 8BTS A 1PRe CEAL §FA) s Opr oduced

I's WD 2010/ 97%ZQ%&%@EQ%%E%%%Q@ﬁ%@i%“hg}féegimbﬂsﬁgﬁ%ha' embodi ment s

t he oxygenate conversion catalyst can conprise [ess than 35 wm % of the
further nol ecbbanesseven basédcomathett deaktndl etal, amoseeve in the

oxygenat e conve%sion cat&ié%t, IE p rticular 5less than 20 wt% nore in
particul ar | B8S tERAn2 T8 96 28t FI re in particular less than 15 wt %

I n ong enbodi mentrhcheueXxygenalg ccoNer $iieRcCakalinst neak -eamehiss@enrnr e than
50 % at |least 65 w% based on total nolecular sieve in the oxygenate
conversi on channels is understood to have intersecting channels 1in
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
20 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
25 FER type zeolite which is a two-dimensional structure and
has 8- and 10-membered rings intersecting each other.
Preferably however the intersecting channels in the
second molecular sieve are each 10-membered ring
channels. Thus the second molecular sieve may be a
30 zeolite, or a SAPO-type (silicoaluminophosphate)
molecular sieve. More preferably however the second

molecular sieve is a zeolite. A preferred second



10 catal yst, of the nol ecul ar sieve having one-di nensi onal 10-nenbered ring
channels. The presence of a majority of such nol ecul ar sieve strongly

det er m nesotzhm/pemdom nant reaction pathway. The nol eculpanr/rP@¥@sman be
used as such or in a 15formulation, such as in a m xture or conbination
with a so-called binder material and/or a filler material, and optionally
also with an a tiv? matri x conponent. O her conponents can_al so be present
in the fornuWﬁﬁ?SH.aFfS&ﬁgeoﬁSnﬁpeMﬁﬁrégﬁﬁaFegﬂéggs aPePasédcdsaSuch, in
particul ar 2Q0when+noybiynder, filler, or active matrix material is used, the
nol ecul ar sieve itself is/are referred to as oxygenate conversion catal yst.
In a fornul ati onTheheraskacal af shevéuirhhesnbprharidarwstRvehenother
component s of, e, X! g suchoas Bi.nder  andior Ll ¢ mRperial 25is/are
referred to asygxygenate conversion caVaIys : 't isTdédirable to
provi e a catabystihgvi(sgogeeddaachanbcabnonuerughesteenaguhrubegadse i n an
i ndustrial environment the catal¥st is often subjected to rough handli ng,

whi ch tends P¥IBPERRTEEWN SERE ¢TI FSIPPRES C803poRAErYFitkd 1Rt 8FILYl . The

latter causegnprobbens bnstbeapraeesshng.. EBreler abhyihaone! equl ap gieve is
therefore incorporated in a binder material. Exanples of suitable materials

in a fornmul atiiopnsnchademadeicveéaandiemact ivehowd 20%04032706belbound

- PCT/ EP2009/ 067625 terial d theti turall, i it
et o0 BTS2 TS 0 BTSSPl 1Al L, geprAng ool e

silica-al um palitikanicaatzicheenia and abumhsosbkkeateithokopresent
purposes, inert materials, 5 such as silica, are preferred because they
may prevent GARMREEANST d6TEEACTPORSUINRIPCRYmaCt ARECPFaBE LPRUéage SASHSS o

aci di c ”Htefhabinauﬁ@rasdéhggg@angﬁ éhghﬁa1gtuqu% ;s used,qThe process of

t he present i1nvention can be carried 10out In a batch, continuous,
sem - bat ch othsefiizreontmohgous amapnerve Reeflegabhy-tihhecpsacess @PD-t he present
invention is carried out in_a continuo rocess is

) If th
carried out PETRCCER: FibOuSTRBARGE, TRE Brobes¥oHas BEREFHreed apThy usi ng

ol efigs obtained.l@heamae extennaknsounee HoumihResekeficnie eadfeed, if
used. Such olefins may for exanple be obtained froma steamcracker, a

catal yti c cra@ekerdiarkanendéhyaregenati 6ncye. grepropaneasedbatighe that
dehydrogenatkﬁ%&-aE%rgggée guch %b%fégﬁec%ﬁtgﬁggggggEtﬁE %‘téﬁaﬁﬁgéet- 20In

a speci al enbodr nent ol efins Tor such star ar e obt’ai ne roma
previ ous prodcess thatyedmvert edroxydenatess wnthmartewnt kouwt solfetindi ¢co
co-feed, to ol efins. .
1mprove the selectivity towards ethylene and propylene,
20 more in particular towards ethylene. The weight ratio
between the molecular sieve having one-dimensional 10-
membered ring channels, and the further molecular sieve
having more-dimensional channels can be in the range of
from 1:100 to 100:1. Preferably the further molecular
25 sieve is the minority component, i.e. the above weight
ratio is 1:1 to 100:1, more preferably in the range of
9:1 to 2:1.
Preferably the further molecular sieve is a MFI-type
molecular sieve, in particular zeolite ZSM-5, having a
30 Silica-to-Alumina ratio SAR of at least 60, more
preferably at least 80, even more preferably at least

100, yet more preferably at least 150. At higher SAR the

percentage of C4 saturates in the C4 totals produced is



Such a previous process may have been |ocated at a different |ocation or it
may have been carried out at an 25earlier point in tinme. Wen a nol ecul ar
si eve hawvogommrerdi mensi onal channel s_sugh_as ZSM 5 i s ppraeesw/ 061625 he
oxygenat e conversion catalyst, even in mnority conpared to the nol ecul ar
si eve havi ng one-di nensi onal 10-nenbered ring 30channels, start up is

possi ble without an olefinic co-_feed froman eﬁternal source. ZSM5 for

f :
exanpl e i s aBfBldZE0nvErt SRACIRYgERALE TG AR bPEf PHYEGREAENI ng product, so

that a recyckencarshenestabhishedan WO20106072£Q6+hkn7 35PGTLEBZ20Q09L067625
Typically the oxygenate conversi on catalyst deactivates in the course of

t he process. foohhent monglcudatrakysver egenedarinoheechiibdquesleanlbe enpl oyed,

such as burnin f.coke in.ar nerator. Th [ ular sie havin
onondr el onaRv B0 fiokher BudaRRaarAORy o[B8  FRLETNE, Tho¥E PIRNLAY
preseht inventkentban havetanymshapenkpawnitalbhelskil kadnpessanszto be

suitable for this purpose, for it _can_be present in the formof spray-dried

Q

particles, sffiélesMOrabl8t BATEIRYdATexridates, let ¥ 10Ext ruded catal ysts
can be applied iR, vaLi0us3RaRes:: %%%ho%?ge%ﬁk%n@%%%e%@qohrb%QQQ%StIf

desired, spent oxygenate conversion catalyst can be regenerated and
recycled to the propesseofiorhetihnaventi ons, The feacsti 6h tospr bdaed the

ol efins can getc§rri%d 150ut over a mﬁge range o% tengeratures and
pressures. Surtabl JOhoWedEr S1EKE dRy(BhalEYPERE "and BI'EFPAPE co- feed are
contacted w thtthesapl eeukae sbeveuatrasterpenating bActAemeangentnom 200 C
to 650 C. In a further preferred enbodi nent the tenperature is in the

20r ange froml950etPeEe600189 roPENpLEr ef BBl YIPASERE Pange™PPOM300°€ to 550

C,nost pref%ﬁ%g'%oﬁ@chﬁgfggﬂg@efEQQbﬂgggEdee§§9ngs %E%fEE%BE%EEQEt

reaction to produce the o Ins is con ed at a tenperature of nore than
450 C, preferabkyiat patemperature of 460 C or higher, nore 25preferably at
a tenperature OfT%%Om%l%%qu%hggévétcan be used as such or in a
15 formulation, such as in a mixture or combination with a
so-called binder material and/or a filler material, and
optionally also with an active matrix component. Other
components can also be present in the formulation. If one
or more molecular sieves are used as such, in particular
20 when no binder, filler, or active matrix material is
used, the molecular sieve itself is/are referred to as
oxygenate conversion catalyst. In a formulation, the
molecular sieve in combination with the other components
of the mixture such as binder and/or filler material
25 is/are referred to as oxygenate conversion catalyst.

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

30 powder-like material. The latter causes problems in the
processing. Preferably the molecular sieve is therefore
incorporated in a binder material. Examples of suitable

materials in a formulation include active and inactive



hi gher tenperatures a higher activity and ethylene selectivity is observed.
Mol ecul ar si eves havi ng one-di nensi onal 10-nenbered ring channels can be
oper at ed wodero/@mxjgenat e conversi on conditgions at such kcgEr3@beswes at ur es
Wi th acceptabl e deactivation due to coking, contrary to nol ecul ar sieves
with smaller pores or channels, such as 8-nenbered ring channels.
Tenperatures referred to hereiggbove re resenﬁlreaction,te eratures, WO

2010/ 072706- "8I PETFERBH0GVB676525Cand e tWEPL LBe CGRdEr iR God Phat ©a

reaction tenperatune cannbeqaniavenage:af st enper akuresaf wanieds feed
streans and the catalyst inthe reaction zone. In addition to the
oxygenat e, aaduthaael éfilpce-edumbheedtigadiibuent raapibeahdd into the
reactor system_ Lt is.preferr t rat it t a_diluen or .wWith a

i i T ayoURE B PTIRE S a0t PoEtt RAALHO0 e 36 St iBAL “Based on
the tbtal amsunh at exygenat erkteedefemrpar becubhae keasy nbhanpie®ewt% nore
in particular less 10 than 20 wt% Any diluent known by the skilled person
to be suitabPBYfBe8uchIfurpeséiean He1GEel2yYstekedPIlaert 18af2f6r 2exanpl e

be a paraffipiccconpaypdgrcmixiure,ef, ganpeunds, Bretenabbyqilipweyer, the
diluent is an inert gas. The diluent can be argon, nitrogen, and/or steam

O 15t hese, sseameids the nost preferred diluent. For exanple, the oxygenate
feed and opti onal olefinic co-feed can be.diluted with steam f.or, exanple
b the fange 1 om. STOES L0 Ry ‘K e Eoar kg HRYdaiR 6 Fedd. trrridd AT
one epbodi nestitshal b aaBURt s ceohtwateusar ecaddedtih 2@0kden -tonikApnove t he
stability of the catal yst bé reduci ng coke formation. ~ The olefinic
product or rBaefrén EFPEGERPLYs thgpPEarey sf Pacti6nREE4SNThe"ERIICLEE arti san

knows how to;separatesapixtyre ggngxﬂggg rgggﬁggnto various 25fractions,

and how to work up fractions further esired properties and conposition
for further use. IFhehsepaoatisens scarriye ecaouitednoat coy tamyomest mednlemown t o

the skilled rson in the ar totbe S itabhe for. thi urpose, for exanple
by vapour -1 RUFACSGEAPAL TBH D&, T S0P alki ig) " oaPSt PRFAL T anCOEREPREL | on.
menbrgne sepakahi @R external source for the olefinic co-feed, if

used. Such olefins may for example be obtained from a

Steam cracker, a catalytic cracker, alkane

dehydrogenation (e.g. propane or butane dehydrogenation).

Further, such olefins can be bought from the market.

20 In a special embodiment the olefins for such start-up
are obtained from a previous process that converted
oxygenates, with or without olefinic co-feed, to olefins.
Such a previous process may have been located at a
different location or it may have been carried out at an

25 earlier point in time.

When a molecular sieve having more-dimensional
channels such as ZSM-5 is present in the oxygenate
conversion catalyst, even in minority compared to the
molecular sieve having one-dimensional 10-membered ring

30 channels, start up is possible without an olefinic co-
feed from an external source. ZSM-5 for example is able
to convert an oxygenate to an olefin-containing product,

so that a recycle can be established.



or a conbi nation of such nethods. Preferably the separations are carried
out by nmeans of distillation. It is within the skill of the artisan to

det er m newdhe10/0A08010/ 072706- 19 - PCTLEP2009/ 067625 corcempr2@0/06isks ons i n
a fractionation colum to arrive at such a separation. He nay choose the
correct conditions based on, inter alia, fractionation tenperature,
pressure, trays, reflux_and reboiler ratios. 5ln one e odlnent a light

ol efinic fractloHY86ﬁﬁ}ﬂ¥|ﬁBeePﬁyggﬁétﬁnﬂOgvﬁééﬁpgrCBF@ fitc fraction

conprising Chcglkefii;ascandnl ess thansi0owt ¥naf ,Cotchydr eearbanispegi es can
be obtained. Preferably also a water-rich fraction is obtained. Al so a

| i ghter fracpa@ﬁlyg@oﬁ@gegemgtﬁ@nhaﬁéhnéapﬁénCﬁﬁnbﬁ|é@plaﬁéﬁorsgghb@ﬁ

di oxi de can be bt |n d r h fracti n onpri sing
Co+ hydrocargong % ggéy rac?%8%g§§% P%? 2%3 %éeﬁg%égeg %s%gasollne
bl endbng conperenty. oﬁékﬂlmhespbﬁeessoamsmbarSdgmuhqcanhna@munnseﬁ phopyl ene
is normally produced. The propylene can formpart of the [ight olefinic

fraction conﬁP?sPﬁ@céﬁﬁeﬁé tﬁﬁdpﬁﬁﬁéﬁtCéHV§BFﬂ88I?aBeh?H?tﬁQV £P&BEi onat ed

into various,produgh, ¢aapPARentsy B%QE%he@% %@“s@ sapher mparhiaf the
heavi er 20ol efinic fraction conprising C4 ol eflns The various fractions an

streans refepneéose hépei nt canpart pcekbantt he méeyébemspﬁeanwayadrbed
obt ai ned by fra natin tages and a bIen ing streans

bt ol med o PRI ER a8 et O e o A Rt a2 A 5 " Ssor oo one

stream of predetensdned tpukisty &aahb@sappmebunengwaaeou@obﬁa@ésgr@d@h
chem cal grade or export quality will be obtained fromthe process, and
al so a streamri ENLiRIEAScaRPr LSilA§LES - oﬂéfﬁﬁ§léﬁ§roﬁP?BﬁaPKygéﬁaﬁﬁraff|ns

It shall be %bﬁ@%r%héh the 19@%'%Bnobéfkgg%nEE%E%BOB 30¢amprh 8 ngrom

olefins, formng the recyc e streamin st c), can e conpose
quantities otheapmoussbraétmhaaunaan$upeans So, for exanple sone anount

of a propyl ene- r& h stream can be %Qnde h_|nt .C4 ol efi V\O. q
2010/ 072706- 20 FERS0G9F 067658 0duce e olefins can e carrie

15 out over a wide range of temperatures and pressures.
Suitably, however, the oxygenate feed and 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

20 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

25 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 10-membered ring channels can be operated
under oxygenate conversion conditions at such high

30 temperatures with acceptable deactivation due to coking,
contrary to molecular sieves with smaller pores or
channels, such as 8-membered ring channels. Temperatures

referred to hereinabove represent reaction temperatures,



rich stream In a particular enbodi nent at | east 90 wt % of the heavier
olefinic fraction conprising C4 olefins can be the fornmed by the overhead
st ream f reonalodebwsani ser col umm recei vi ng the bottom stpcearedmossds
5depropani zer colum at their inlet, nore in particular at |east 99 w % or
substantially all. Suitably the olefinic reaction effluent conprises

| ess than 10 wt % preferably | ess than w% nore preferably less than 1
Wk of b OB Hr ShaliAl, DBy DHUGERG 020 buPanBuRtacer bhy GREPRES tHecager od

since any predughi QRe@fqar eratibapccaRsHEBS o@Xygenate wakehskschher ehare not
converted to | ower ol efins. The invention al so provides a reactor

syst em sui t abhe fetathetprapahat reacsfoanzehef.i ni ¢ product by reacting an
Looxygenat e feedstock i, the presence of an oxygenate conversion catalyst

f
under oxygenat e-to-olefin conversion g%h&itléns, 0 obtainthe olefinic
produgt, wherekd,t hedieaehar maysbemrhads iatoonhactresurbace yeasmngIicnieont act
w th oxygenate feedstock and/or reaction products, and 20wherein at | east
part of the EORESEESEUFPaCBEIEtENILRBPY tndt BLiLAFRGF PRe VE6FPMEl BLRK WRer ei n:

Mis a nmetal ;apd X b$ aReueheN andnCqsTyRkcakhysabd suefaceqoh ,the reactor
systemcomng in contact with oxygenate feedstock and/or reaction products

conpri ses at bbeaslt conéhseltetbédafipomt25tthexgreonpteonsisti ag of : a heater

f te feed k inl et te.feed Kk t |
and robator PREGERAMEL(FRCRar CPRUAP FPabr THoRctBr Shat er hAFe) ‘Gaeh as al

anchops, wei ksanf bowwts. adiStAlbuher sno&anbgcthagsdevieaspeesgn those
known from 30EP 931 121 B1), standpi pes and Céclones; especially an inlet
for oxygenat €Sf 68d§8BER. f0r SuUCThRUrEaEfoF28yStehcREy BECAN(FE&Etor known

to the skilled,pepson.apd, for pexanplie; coptabn.agl bxed;he o
2010/ 072706- 5”1 peTT EES000) 567655 ToVi ng beg, S zeglgegferi Ser
react or and thepbukds.APreserabegct opwsystremths prefienteds Bn paetitccul ar a

ri ser reactor systemconprising a plurality of seriall rranged riser
react or sta98§§° E%e %11 en cgn bg argon,’ nitrogen, a%d or s%eam. %%

15 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

20 order to improve the stability of the catalyst by
reducing coke formation.

The olefinic product or reaction effluent is
typically fractionated. The skilled artisan knows how to
separate a mixture of hydrocarbons into various

25 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.

30 flashing), distillation, extraction, membrane separation
or a combination of such methods. Preferably the
separations are carried out by means of distillation. It

1s within the skill of the artisan to determine the



5The process of the present invention wll be elucidated by way of exanple,
with reference to the acconpanying Fi gures, wherein Figure 1

schenat i cmbl2y1iows a reactor-systemin agcordance w t hpChaEpRovwwestscon;
10Figure 2 shows schematically an inlet nozzle into a riser reactor in

accordance with the invention. In the enbodi ment of Figure 1, alkyl
al cohol, e.g. nethanol, is . first pas%ed throu%h a prﬁreactor section Ato
convert al kyFCaFEGhoFoPALSGLarEl kYl 8t REACTeCHaT18Hi FBLHYPetRef L TVEFofbus

al kyl al cohoks ga@éggrgk@oa.lH@eméyteh@@g@ ¢aal apt-rkubeschRidions
di al kyl ether reactor 2. As the formation of dial kylether from al kyl al cohol

i s exot her mi baselecvaponses alkyl Alrechobnpsiheatedrardtvke t hus heat ed

al kyl al cohol. _| eaves the _reactar.-as h ffluent via_a line 3. The hot
effluent is gﬁﬁggﬁﬁéhtF§a géyé géugoagﬁe%gggé %F ﬁa%ﬁgsét the reaction side
of the cool ant tubesncThebstieamt!,r amlliighe blafdntike faretfitom |ine 3 are

passed co-currentLy,throu%h reactor. 2. In reactor 2 the alk¥t al cohol is
converted toC8MBRIFKVILBENEFTY55RE Rafef PR2¥OREaCL W PACatsartable catal yst,

e.g. gamma-albuphpasiAqdical kyket her jproduet shneampcorpr bsi pg.di al kyl et her,
wat er and al kyl “al cohol | eaves the reactor via a line 4. The hot
di al kyl et her hprdoduetrbstr sarcray bencoel edtbefierde Berngrphdsedlen o a

separation section_ 5. 3QThe stream be cooled in one. or re stages,
o Ay I PaEe ROSE SAEREAGR. SROPBE Ry RrathiRy i fia Praon roeLaan
wherepn the ppegsikengsmeeddeed aadovbhemphostat, sthaari saebohed (not

shown). In the separation section WD 2010/072706- 22 -PCT/ EP2009/ 067625 5,
here depi ct ef1@§14ef Faet PEnaPIFaANEEl uif, "Ehé @SaPk§l eEhBPIFr 888EY streami s

separated in Li.qui - LSl a r bly | ess than
p Qa%tﬁFﬂgaggng§§l %@&ppyggega%%Bﬁ% @ﬂo&yﬁ%%% y

1% al kyl al coho on t tota wat er and al s5af cohol, and a
vapor ous di altkykétiher cencliost reampZe benpekesi ag deabkyhet béepdtithg majority
of the al kyl alcohol and typically sonme water, such as nore than 0.5 wt%
in particul aF°RBPESthan 1 W% and | ess than 10 wt % or preferably |ess than

5 wm 9% based on trhe thet dlrocess also a significant amount of propylene
is normally produced. The propylene can form part of the
light olefinic fraction comprising ethene, and which can
suitably be further fractionated into various product
components. Propylene can also form part of the heavier

20 olefinic fraction comprising C4 olefins. The wvarious
fractions an streams referred to herein, in particular
the recycle stream, can be obtained by fractionating in
various stages, and also by blending streams obtained
during the fractionation. Typically, an ethylene and a

25 propylene stream of predetermined purity such as pipeline
grade, polymer grade, chemical grade or export quality
will be obtained from the process, and also a stream rich
in C4 comprising C4 olefins and optionally C4 paraffins.
It shall be clear that the heavier olefinic fraction

30 comprising C4 olefins, forming the recycle stream in step
c), can be composed from guantities of wvarious
fractionation streams. So, for example, some amount of a

propylene-rich stream can be blended into a C4 olefin-



10di al kyl ether-rich stream The streamin line 7 may be split into
several portions. In the case of the enbodi nent depicted in the present
figure thwoeoswe2toe0 portions, but it wiph be evident tiratr/Erbeo/osmre
portions are desired in view of 15the nunber of reactors the nunber can be
adapted. The portion in line 8 is heated to a desired inlet tenperature in
preheater 8a, .and fed to a first riser reachor,lo of a serial riser reactor
system typi CaFPySVi5a8n iLAI 8t PREZZFELFhPELRAFMRE Fﬁrﬁﬁéﬁtdﬁgcﬂ§§ed Wi th
20reference 1@ EhguheadicTheipentiensiAcking Sohpriiedngvca a1prehegater 9a,
to a second riser reactor 20 of the serial riser reactor system Depending
on the tenperatube tchet hergedelm ithel Prerieandstheagesirradai nl et

t enper at ures he . genate fe to.the first. an ) nd_riser
reactors, onggkyEﬁgfgé%f%P E%Bré ggﬁg%ggcghebéogﬁpﬁtégf%%% gﬁ%?e%d a heat
exchahger or depebensican belamnangedhenrt heiletpl acee h baralksalpessitbl e to
arrange nore_oxygenate inlet nozzles further up in a riser reactor for
oxygenat e feéf2staginyt 30A StPesaT6f2ahYoPétfini c co-feed, conprising e.g.
olefins with 4 a@q/i%b@yceﬁeoe1@%%&cmbgbt%heémﬁemox&ﬁl@gigb@ a line 27
to the inlet end of the first W) 2010/072706- 23 -PCT/EP2009/ 067625 ri ser
reactor 10. Thesstheamlf€amtbe oorbiemedlwi thsshéhstir eamt8, bebore entering

the reactor. n the riser reactor 1 e streans fromlLines 8 and 27
bre contaot eBZGEERRIYuT AR EER 41 Y50, Broveasd oramE sEeanaprREcIED and
the forned coghi aabuansobroxygenates(isedediakkykehber aandpabkylktabeohol ),
olefin, water and catalyst is passed upwards and this conbi nation | eaves

the riser re&ét8FOTOtyIrE §OPPHECE1 CFYIFBAEEI YR1FPodEcteTRECFPsBP r eact or s

can be provided. withyreactar. 10ipt.ernal s, e.g. contacting devices,
generally denoted with re%erence nuneral s 10a, 20a. Via line 11 the

reacti on product The passetiibo alseparatvidasneansaceog. sgastyol enetdBlef rom

whi ch catal yst particles are.discharged.viia a line 13 and passed to a
tatal yst biPForioeoeBPaTat Rhacr B GhFERTERePoaRoRsEy Teactint®at
15 oxygenate feedstock in the presence of an oxygenate

conversion catalyst under oxygenate-to-olefin conversion
conditions, to obtain the olefinic product, wherein the
reactor system has a contact surface coming in contact
with oxygenate feedstock and/or reaction products, and
20 wherein at least part of the contact surface is an inert
material of the formula MX wherein: M is a metal and X is
one of N and C. Typically said surface of the reactor
system coming in contact with oxygenate feedstock and/or
reaction products comprises at least one selected from
25 the group consisting of: a heater for oxygenate
feedstock, an inlet for oxygenate feedstock, a reactor
wall and reactor internals (in particular riser reactor
internals) such as wall anchors, weirs, flow
distributors, contacting devices (e.g. those known from
30 EP 931 121 Bl), standpipes and cyclones; especially an
inlet for oxygenate feedstock.
The reactor system may be any reactor known to the

skilled person and may for example contain a fixed bed,



reacti on product, conprising dialkylether, olefins and water is w thdrawn
via line 14. This vaporous product in line 14 is, together with the portion
of the diwbkyloatrtmes-rich feed in line 9,opassed to the sermpdooddsicser
reactor 20, in which a simlar reaction takes place as in riser reactor 10.
Lines 14 and 9 may al so be conbi ned before entering the riser reactor 20.
Catalyst for riser reactaor 20 . s provided via line 17. The reaction _product

of the riser P¥adtorP it UG EREr §&4 28t e e fPem ita A P81 1ak& pdssed to

a separation /Rans rkct@19-sy3 teXCliangrdrie g separatiqreans, catalyst
particles are separated fromthe vaporous products and withdrawn fromthe
separ ati on mEERStPY \divs tenl ioeerks samd passedatls the featealiypstl vouf f er vessel

15. 301t wil Iart)r%nr %%I irsl%%lrt hr%tac tt Iéeca iea$I kyl et her conversion reaction sone
coke formation rnaffI t'ake "place, I'ch coke 'may deposit on the catal yst

parti &l es. Theref ahe, pirbckssad¥anhageeuschd rnegenernanhewthe oatal yst WO
2010/ 072706- 24 -PCT/ EP2009/ 067625 particles periodically. Conveniently
this may be &HiCeVEFHY PeomEivn $duSHY B Speriiddi catisy ShicthdCawily part of

the catal yst Jjnveptory @f rtibg cat alyst - Lyf fer vessel 15 and passing it to a
regeneration vessel (ynot shown), where 5typically coke is burned partially

or substantially fabbyeafl tehpeapatgeesdyvothabesut 66ecCogrspstem The size of
t he portion saentO t ) t he r.egen reat.i on \4:esosne.l depends on the average degree
of deacti vat i°61 6P EGKi g Fard Son e Y'&dener ati on conditions, e.g. partial

or fubl burning ofi}Qeeke. shheasregenenatedicat ahyshipar hibekes aneor ecycl ed
to the catal yst buffer vessel or to the riser reactor(s) directly. The
regener at i on Gi$SHotr SSKAWT iR PREHTGMCE. With thaes IHVEddEO™r om t he

separation means 19 aRcoLehbBSREaR! Bini:ng,REOGUCL §ineanLhe bt aiged in a
line 22. This 15product is passed to a fracti ohatio section, 'in the figure
represent ed e tdaoollum s23 lims twmpiacts ctche halcefghns- cortraiamitng product gt r eam

5 Senar et o0 oA LA ARt o0 20 OB AW LA, sotamtnants, such
25, ipto a propwtena dihact.i orp2bard dinka a1l iefiisn Jaaeld en 26
Optionally, one or nore
line 1 through coolant tubes in a dialkylether reactor 2.
As the formation of dialkylether from alkyl alcohol is
exothermic, the vaporous alkyl alcohol is heated and the
thus heated alkyl alcohol leaves the reactor as hot
20 effluent via a line 3. The hot effluent is subsequently
recycled to the reactor 2 but at the reaction side of the
coolant tubes. The stream from line 1 and the one from
line 3 are passed co-currently through reactor 2. In
reactor 2 the alkyl alcohol is converted to dialkylether
25 and water in contact with a suitable catalyst, e.g.
gamma-alumina. A dialkylether product stream comprising
dialkylether, water and alkyl alcohol leaves the reactor
via a line 4. The hot dialkylether product stream may be
cooled before being passed on to a separation section 5.
30 The stream may be cooled in one or more stages, e.g., by
indirect heat exchange and/or by flashing in a flash
vessel wherein the pressure is reduced and the product

stream is cooled (not shown). In the separation section



heavi er fractions, e.g. fractions wth hydrocarbons with 5, 6 or 7+

hydr ocar bons may be w thdrawn separately fromthe colum 23 (not shown).
The separwbizon/@emsi on al so 25i ncl udes—aypine 28 for w PaodmErmgewas er. The
light fraction in line 24 is discharged, e.g., conbusted as fuel. Ethylene
and propyl ene are recovered as products. Water in fraction 28 is w thdrawn,
and the C4 fraction is cycled via line 27 to_the

di al kyl et her ri &Wr?t FERMG 3615 ﬁefgaCtlonatﬁoéhFQ%fn?ho@etm riser

reactors. It dMal'kyQ%t%‘élrd%&todh%tt he 2l l1@d Rersen ddhat, renlay 19rg jreact or  or
nore than two, e.g., 3 or 4, riser reactors may be used. WD 2010/072706-

25 - PCT/ EP2009//6676 55 COmeh Ligs @ aniralt eal %%arqf@ea@éryefhew ¢farhe prtesent
i nventi on. alkyll %l%%%t rler b%%%%dlor};e e S rallalofrl set§ar %%ct Q118 stemis

used that conpri‘ses €. "three ri ser reactors that re serially arranged.
Each gi ser r%&@ioﬂhrolha%n@t a taidocowers pdratliken came roir indhr & trlaet &, | ncl udi ng
an inlet for oxygenate, and at its upper portian one or nore qutlets. The
outlet of th&OFFSE 1% Er arldadEshaTs COERHET Wit B fark ienlfét¥df t he second

riser. Likewgecrfe Quf &k ef1tRe s %e%%ﬂ' SQIcH eactRrd sreenneated with
an inlet of the third risér reactor. During normal operation of the

serial reactort osystnemartth@ml@pfomm diralnk | etther amiccH efseed haol ef0i mité

co-feed and cat al ar dto he f|r t riser react 1 nversion in
the first risérh dérrtaﬁ) thé?Iys SC aegfelnlc?flrst %Cgtor ef f | uent

conprpsi ng aogéa&@d%tplreeddqu@mrgam ng oI efins, and catal yst.
Substantially the entire reactor effluent is fed to the inlet of the second
riser reactor, tog8fhEEr&PThia pérei dnMeéf PRe SPOv&porsas Sdlvﬁlrf&l et her -rich

feed and addi to'fgq%' scatal Yok cAdnouahid i RASHIHA 8 Al fead

ol efinic co- to the secon I ser reactor, this 1s not nee ed and not
necessarily adesmnageaysiresithee et e cefthilcuerntr thircom,t et iirtstwirlilsére r eact or

al ready contains, ol ef| nsC 5Si nce additi.onal cat %gyst I§i .added to he
second and t Mrd S s & e 30T MY e HPEdd FiS0 @ Fat Ber’ Gt of time)

of oxygenat e t¢RNVEHHION Fatdlaysto N thRke nseeend dHinsele i-sihitaher mhan in the
previous riser reactor. It is generally desired that the weight hourly
space vel oci yprtion in line 8 1s heated to a desired inlet
temperature in preheater 8a, and fed to a first riser
reactor 10 of a serial riser reactor system, typically
via an inlet nozzle. This will be further discussed with
20 reference to Figure 2. The portion in line 9 is fed, via
a preheater 9a, to a second riser reactor 20 of the
serial riser reactor system. Depending on the temperature
of the stream in line 7 and the desired inlet
temperatures of the oxygenate feed to the first and
25 second riser reactors, one or both of the preheaters can
be omitted, or instead a heat exchanger or coolers can be
arranged in their place. It is also possible to arrange
more oxygenate inlet nozzles further up in a riser
reactor for oxygenate feed staging.
30 A stream of an olefinic co-feed, comprising e.g.
olefins with 4 and/or 5 carbon atoms which stream is

provided via a line 27 to the inlet end of the first



30remai ns substantially constant, i.e. not deviating nore than 50% from
that of the previous riser reactor. Therefore it is advantageous to arrange
t hat t he woaessyewmsi on of the second riseg reactor is | acgapadoassehat WO
2010/ 072706- 26 -PCT/ EP2009/ 067625 of the first riser reactor. For
cylindrical riser reactors, the increase in cross-section can al so be

expressed as an increase in dianmeter. Wien the wei ght hourly space velocity
i s 5subst ant iTdlSS 6@@§F&ﬁtﬁorhghﬁ re 56T IS6W 6ﬁ%ﬁ”@ﬁ§'ﬂ%ﬁ§ actor is
the sane for g sen reactne hddhe samdeightcor. The cross section of

the third riser reactor is again larger than that of the second riser. It
can be 10pr ef err ednt sheesiigareaehcitiosed Or daet it rapdist Rgomespaesi Yeagdt al yst

throughput sych that, substant ialdy f ull; conversion of. oxyaenate is jachi eved
in the riser reactor,r& i"s “Can be Most désitabl’e For Thé Tast riser reactor
so that substsanrtricalilbe NG ,0xygenalce foafmidsl patibiefa ttike bFeidfdywiemntatler om t he

| ast riser reactor. The outlet fromthe |ast riser reactor is

connect ed to @ -Gol I%CtdY Latdede faratildy IngdreRote  Sepdriari o tegaridan

al so be integratad i th Lastdd $8k8RCERIG i £an e A didfge Loldect or
vessel conmbined wth a plurality of 20cycl one separators, which can be

i nternal ly hdbsed isent heagdldredtlorivessélineThié separcatitcnmpansivdeds an
outlet for v?gpur.and an O¥F|et for catakx§t. Theﬁ%apour contai ns ol efins
and may be tréatédon the A W&y &S HE VRS Sddpredicttin 1ine 22 of
the Fpgure. Thecgatalsyst .2hi sdelbwtied etiked,i sehdreagtoidenomer eas part
may be regenerated as discussed in relation to the Figure. In yet
anot her enbodilfntreieiIeyice sivigiré s 4é2 /i £U8npl oyed, and the oxygenate feed

T ot s"br e 98, TPE8 11, P8 2 00800 prachees el alisa dgsgvera
separation means, e.g. a cyclone 12, from which catalyst
particles are discharged via a line 13 and passed to a

15 catalyst buffer vessel 15, and from which the wvaporous
reaction product, comprising dialkylether, olefins and
water is withdrawn via line 14. This vaporous product in
line 14 is, together with the portion of the
dialkylether-rich feed in line 9, passed to the second

20 riser reactor 20, in which a similar reaction takes place
as in riser reactor 10. Lines 14 and 9 may also be
combined before entering the riser reactor 20. Catalyst
for riser reactor 20 is provided via line 17. The
reaction product of the riser reactor 20 is discharged

25 therefrom via line 21 and passed to a separation means
19, e.g. a cyclone. In the separation means catalyst
particles are separated from the vaporous products and
withdrawn from the separation means 19 via a line 18 and
passed to the catalyst buffer vessel 15.

30 It will be realised that at the dialkylether
conversion reaction some coke formation may take place,
which coke may deposit on the catalyst particles.

Therefore, it is advantageous to regenerate the catalyst



her ei nbefore and with reference to Figure 1 can have contact surfaces with
oxygenate, that are of an inert material in accordance with the present

i nvent i orwoSunhn72%® 2010/ 072706- 27 - PCT$EP2009/ 067625 eonmpp@aios7eesan be
present in the prereactor section A Inportantly, the heaters 8a, 9a can
have contact surfaces that are at high tenperatures, in particular when

they are fired heaters there .can_be hot contact surfaces with 5the
oxygenate. B&P LA $d S5 p(,eé‘_slé)_d&r?ﬁquéfd fq_é)é]t"@rnsle(%&é/h e S8R & ﬁé?%@@_rvf)d are
enpl oyed, it pcarde ibeneldici alr E%ﬂ%%ii%l%nmct%c@%ﬁi%%e%at&ero% R HN
accordance with the invention. anpl es of other conponents that can have a
cont act surf @&geéailysacdorvdarios ywictth thise darhedmtsitopudrifer 1ostsarddgiopendio, 17
with catal yst inlets.i.nto the riser reactors, separati ans .12, 19, riser
internals sugﬁl%sm or%ttagto devi eesn%f&é:,l%élog.essesl (%Ogursgl%ymihowgl]ere

schenati cal | yvan cexanplekef ian builneld mezzlie 13l foor saxygematie Iflgedulllhe

nozzl e reaches through 15the riser reactor wall 33, sonme distance into the
riser interidt 3STPREE GRS odurraed 72 of & ke AGZA e TE Si€orfarBenert

material in accondance W th the i AVeNIOR.; £ e oAt el W TiNcAl so, part
of the inner surface 39 of the reactor wall 33, surrounding the nozzle 31
can cone 20i mveenrtoac tdagirele @ fsidgrictilvarntl cox pge ratke neoneewt oat itdve duri ng

operation, and therefaore at |east part or all  of -this inner surface _can be
of an inert r?e?tgé%ﬁeéla,tltoélo.c%?‘g o8, ©-9. partial OrErfffro?L i e 5 Otfﬁe

invenpi on w ldokrowhe desemnidied.c2oRy ey tofoexamilees eiley recyclAdvald ety of
experinents were conducted to convert nethanol to di-nethyl ether (DVE) in

a flow t hr ougher €aded hadividg Beds SHctth Vrario i Sc griF6un &€ amtiodH Sray be used
as coatings. qEhe GXper inents AlRd Lo deterne  30uhi:ch (camaund woul d
m ni m se side reactions, 1n particular, mnimse nethanol steamreformng
(produci ng CO and2E2prodWOt2010m07R2206<p28 aLPCT/ ER2069/10626251cfins-
containing product stream is obtained in a line 22. This
15 product is passed to a fractionation section, in the
figure represented by a column 23 in which the olefins-
containing product stream is separated into a light
fraction 24, comprising light contaminants, such as
carbon monoxide, carbon dioxide and methane, into an

20 ethylene fraction 25, into a propylene fraction 26 and

into a Cyq4 olefin fraction 27. Optionally, one or more

heavier fractions, e.g. fractions with hydrocarbons with
5, 6 or 7+ hydrocarbons may be withdrawn separately from
the column 23 (not shown). The separation section also
25 includes a line 28 for withdrawing water. The light
fraction in line 24 is discharged, e.g., combusted as
fuel. Ethylene and propylene are recovered as products.

Water in fraction 28 is withdrawn, and the C4 fraction is

recycled via line 27 to the dialkylether-rich stream in
30 line 8.
Figure 1 shows two riser reactors. It will be
evident to the skilled person that only one reactor or

more than two, e.g., 3 or 4, riser reactors may be used.



Experi nment al Materials were evaluated in a nanofl ow reactor apparatus.
Typically, 50 to 350 ng of material mxed with 350 ng of SiC and | oaded
into a 3.Wwormod2meart z reactor 5tube, _dgpendi ng on t hepcegreéedsmpace
velocity. A particle size fraction of 40-60 nmesh (420-250 pn) was conmonly
used. In the experinents a nmethanol feed (6.7 vol % in Argon) was used,
at tenperatures_above 1] C,. and a 10pressure of bara. In a typical

exper i ment tﬁél%éjéteofﬂl\?bgs Hen &¢1 & g)ern@(fditrseﬁjfrég]@tip&ﬁste@ﬁperature
under a fl ow;ef,Agen,. before passing the gas stream containing the desired
reactants over the catalyst. The required gas conposition was obtai ned
ei t her by feedi nglandnaitkiengethediBappr epseadtie lambgrts rebcgasesus thdeds or,

in the case qof t hanol ,. this Y riz passin rgon through a
t her nost at ed lssaglﬁsregfé:% to C%m&rg%teﬁe%legjr'get%%r%eéd rclosr?cre%te%ac%oorr?. trdt

The various ian@d Heduall 1gas rStaneans weicd mixed iriae tdr20sisnglte ifteed stream
that was fed to the reactor tubes and requl ated using flow control]ers.

Fl ows were t}ﬁiw@é] R rdetCl RO E T dvgE of° Sml ARicH VSR QuRdert N vt

condi tions. GasAnalsi s as erformed USING iTRSS Pt kel Iy, {(M8); and gas
chr omat ography "(GC). 25After an equilibration time of about 3 mnutes at a

certai n reactlihen codndditt iodn,the dag ssamplse was datjcectied comne telve wodpi | | ary
GC col umm (Petracaql DH, Om_ 0.25mm.I D, | ayer t.hickness O. m Lhg a
preunst | ¢ ValPdo THide o MalreFar didiys e W ydr ocr BHa S apThe e
physigal m xtsw@nens ikeat edalcd ok0Q <Cdonndicgen afiter ashiieh tthe fgaseous f eed
was passed over the reactor. The reactor was heated to increasing

t enper at ur es,thai@ &t s€dcH SP&HPer-at ure the product distribution was

measured. WO 201%%%50%{%%1"8 /r'é%%%%%éﬁé%erigga?e%%%gﬁi s was done

using a nmass spectroneter from Therno type VG Prima Faraday cup
detector). Calyvishreat,i ahse were rpersf orimedk tle tdalrculiate fideel, conegntriat icor of

the comonents in the proguct, stieam, Qonyer §/,9n o, lethangl i defined as

15 Conversion in the first riser over the catalyst forms an
olefinic first reactor effluent comprising a gaseous
product comprising olefins, and catalyst. Substantially
the entire reactor effluent is fed to the inlet of the
second riser reactor, together with a portion of the

20 vaporous dialkylether-rich feed and additional catalyst.
Although it is possible to also feed an olefinic co-feed
to the second riser reactor, this is not needed and not
necessarily advantageous, since the effluent from the
first riser reactor already contains olefins.

25 Since additional catalyst is added to the second and
third riser reactor, the mass flow rate (mass per unit of
time) of oxygenate conversion catalyst in the second
riser is higher than in the previous riser reactor. It is
generally desired that the weight hourly space velocity

30 remains substantially constant, i.e. not deviating more
than 50% from that of the previous riser reactor.
Therefore it is advantageous to arrange that the cross-

section of the second riser reactor is larger than that



the inlet and outl et nethanol concentration and divided by the inlet
concentration. The gas hourly space velocity (GHSV) was cal cul ated by

di vi di ng wbeotoat7aiosgas fl ow (ol efin + oxygenate + wat er peTaPg@ma)6tsys t he
catal yst 10anount (unit: m.g-1.h-1) . The following materials were tested
Quartz (not according to the invention) The reactors used were nade of
quartz, which consists of silicon dioxide able to easily wthstand

t enper at ur es “I50PSt § 1760 ELSFF CREGKE Fhat ThéSed 1PEHHTGrs Tar°€ i nert, bl ank

experiments were el onmRd Wl arn emply uardez trieactan under Yeypi cal
reaction conditions and feed. Silicon carbide (SiC) (not according to

the inventi o®KP2ZBSISEccaF car binde <@46- 60 WeshEtwas used as such, as well as
for diluting vari @ﬁ%notcpl%r ngé%q:l %lo%'rllngt gp\é/%% %%%gcallfs_ di.l.uent to prevent

pressure drops and/or to prevent conp ugging o Ya'Bed that does

ot her i se notsualdtewtdnry 1gascne tpass tdheoudhe Woert 15wC thas ypihesenrt , 25t he
reactor contained 350 ng of SIiC, possibly in addition to other materials.
Iron (not acddrdiing Ses Hte isnvéist iSGAE 158N Tgé\iderr Seetdisnéd fPEmSBeck
chem cal s) Wa$ight. tested in a mxture of 250 ng Fe with 350 ng SiC
30Titaniumnitride (Ti N) Ti N was obtai ned from Si gma- Al dri chTM
Particles were <10hmi cross TeNtwas péstéed ithiadnirxtsererefic25@ nmg TiN with

350 nmg Si C. MD.%Q%%{OE%]QSﬁ_S%hf@CTgE@ 00%&%57%?5i r_.A QPOd in%jcator of
met hanol decdosi tifar s tHe hydroden %1—912) CONCert&tion 4 i thégas
| eaving the readliredas Weldsias thenevalsdtd ar eft ccarhen tmenaxsge cande
5car bon di oxi de. Met hanol not only deconposes at el evated
catalyst throughput such that substantially full
conversion of oxygenate is achieved in the riser reactor,
this can be most desirable for the last riser reactor so
that substantially no oxygenate forms part of the
15 effluent from the last riser reactor.

The outlet from the last riser reactor is connected
to a collector and separation means. The separation means
can also be integrated with last riser reactor. It can be
a large collector vessel combined with a plurality of

20 cyclone separators, which can be internally housed in the
collector vessel. The separation means has an outlet for
vapour and an outlet for catalyst. The vapour contains
olefins and may be treated in the same way as the
vaporous product in line 22 of the Figure. The catalyst

25 is returned to the riser reactors, whereas part may be
regenerated as discussed in relation to the Figure.

In yet another embodiment, only a single riser is
employed, and the oxygenate feed may enter via one or
more inlets at one or various heights.

30 Several components of the reactor systems discussed
hereinbefore and with reference to Figure 1 can have
contact surfaces with oxygenate, that are of an inert

material in accordance with the present invention. Such



tenperatures into H2, CO CO2, but also converts to dinethylether (DVE) and
water. It is known that the deconposition of nethanol occurs easier than

t he decommpo<utooeroef DVE. 10Table 1 showsy for various tenmEre@abos®ss the
concentration of H2 in the product fromreactors with various fillings. H2
I's a good indicator for nethanol deconposition. Table 1 also shows the DMVE
concentration in the product. 15 Table 1: H2 and DVE (in vol9% in the
product for VAMPOESEadfor 96 PLSTGE fand (FSirp EFErGrESOF FSE TPt ¥ r eact or

SIC SidFe Sﬁ@@@ﬂﬂdﬂﬂf&hH%h@N%eﬁ%eQME8%2 OME H2 have contact surfaces

that are at high temperatures, in particular when they
are fired heaters there can be hot contact surfaces with
5 the oxygenate. But also in case unfired heaters (such as
heat exchangers) are employed, it can be beneficial to
design contact surfaces therein in accordance with the
invention. Examples of other components that can have a
contact surface in accordance with the invention are:

10 standpipes 16,17 with catalyst inlets into the riser
reactors, separation means 12,19, riser internals such as
contact devices 10a, 20a.

Figure 2 shows schematically an example of an inlet
nozzle 31 for oxygenate feed. The nozzle reaches through

15 the riser reactor wall 33, some distance into the riser
interior 35. The inner surface 37 of the nozzle 31, is of
an inert material in accordance with the invention, e.g.
coated with TiN. Also, part of the inner surface 39 of
the reactor wall 33, surrounding the nozzle 31 can come

20 in contact with a significant oxygenate concentration
during operation, and therefore at least part or all of
this inner surface can be of an inert material, too.

Examples

Embodiments of the invention will now be described,

25 by way of example only.

A variety of experiments were conducted to convert
methanol to di-methyl ether (DME) in a flow through
reactor having beds with various compounds which may be
used as coatings. The experiments aimed to determine

30 which compound would minimise side reactions, in
particular, minimise methanol steam reforming (producing

CO and Hy).



DME 300 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 350 <0.3 <0.3 <0.3 <0.3 0.7
<0.3 <0.3 0.3 400 <0.3
WO 2010/072706 - 28 — PCT/EP2009/067625

Experimental

Materials were evaluated in a nanoflow reactor
apparatus. Typically, 50 to 350 mg of material mixed with
350 mg of SiC and loaded into a 3.6 mm ID quartz reactor

5 tube, depending on the required space velocity. A
particle size fraction of 40-60 mesh (420-250 um) was
commonly used.

In the experiments a methanol feed (6.7 vol% in
Argon) was used, at temperatures above 100 °C, and a

10 pressure of 1 bara. In a typical experiment the reactor
was heated to the required reaction temperature under a
flow of Argon, before passing the gas stream containing
the desired reactants over the catalyst. The required gas
composition was obtained either by feeding and mixing the

15 appropriate amounts of gaseous feeds or, in the case of
methanol, this was vaporized by passing argon through a
thermostated saturator to yield the target feed
concentration.

The various individual gas streams were mixed into a

20 single feed stream that was fed to the reactor tubes and
regulated using flow controllers.

Flows were typically set in the range of 50 ml/min
set under ambient conditions. Gas analysis was performed
using mass spectrometry (MS) and gas chromatography (GC).

25 After an equilibration time of about 3 minutes at a
certain reaction condition, a gas sample was injected on
to the capillary GC column (Petrocol DH, 100m, 0.25mm ID,
layer thickness 0.5 um) using a pneumatic Valco injection
valve for analysis of hydrocarbons.

30 The physical mixture was heated to 100 °C in Argon
after which the gaseous feed was passed over the reactor.
The reactor was heated to increasing temperatures, and at

each temperature the product distribution was measured.



<0.3 <0.30.91.3<0.3<0.31.6 450 <0.3<0.30.61.7 4.2 <0.3 0.5 2.8 500
<0.30.31.117
WO 2010/072706 - 29 - PCT/EP2009/067625

Gas analysis was done using a mass spectrometer from
Thermo type VG Prima OB (Faraday cup detector).
Calibrations were performed to calculate the
concentration of the components in the product stream.

5 Conversion of methanol is defined as the difference of
the inlet and outlet methanol concentration and divided
by the inlet concentration. The gas hourly space velocity
(GHSV) was calculated by dividing the total gas flow
(olefin + oxygenate + water + argon) by the catalyst

10 amount (unit: ml.gt.h™").

The following materials were tested

Quartz (not according to the invention)

The reactors used were made of quartz, which consists
of silicon dioxide able to easily withstand temperatures

15 up to 700 C. To check that these reactors are inert,
blank experiments were performed with an empty quartz
reactor under typical reaction conditions and feed.

Silicon carbide (SiC) (not according to the

invention)

20 Silicon carbide (40-60 mesh) was used as such, as
well as for diluting various other materials. SiC was
used as diluent to prevent pressure drops and/or to
prevent complete plugging of a bed that does otherwise
not allow any gas to pass through. When SiC was present,

25 the reactor contained 350 mg of SiC, possibly in addition
to other materials.

Iron (not according to the invention)

Iron powder (obtained from Merck chemicals) was
tested in a mixture of 250 mg Fe with 350 mg SicC.
30 Titanium nitride (TiN)

TiN was obtained from Sigma—AldrichTM. Particles were
<10 micron. TiN was tested in a mixture of 250 mg TiN

with 350 mg SicC.



9.3 0.5 0.6 2.55500.30.40.71.48.90.70.52.6 As expected, the enpty
reactor shows only m ni mum 20conversion. Si C shows m ni mum deconposition at
450 C, asweeemny/dmi t he H2 data, and whi ¢h stays noder areTaP2600@bmps
tenperatures as well. A simlar behaviour is seen fromthe m xture of Ti N
and SiC, so that Ti N al one al so does WD 2010/072706- 31 - PCT/ EP2009/ 067625
not give rise to any significant nethanol deconposition. The slight
decrease in the H2 concentrations that is observed with respect to SiC

al on\ih c?n be exphaijaed bwdike thach it hat nbhe 1melhan@lo sceRer Sis0R ko DME i's
somewna
hydrogen (Hp) concentration in the gas leaving the

reactor, as well as the evolution of carbon monoxide and
5 carbon dioxide. Methanol not only decomposes at elevated
temperatures into H2, CO, C02, but also converts to
dimethylether (DME) and water. It is known that the
decomposition of methanol occurs easier than the
decomposition of DME.
10 Table 1 shows, for wvarious temperatures, the

concentration of Hy in the product from reactors with

various fillings. H2 is a good indicator for methanol
decomposition. Table 1 also shows the DME concentration

in the product.

15
Table 1: Hyp and DME (in vol%) in the product for
various reactor fillings and temperatures
T / |empty SicC SiC/Fe SiC/TiN
°C reactor
Mol% | Hop DME | Hjp DME | Hp DME | Hp DME,
300 [<0.3 |<0.3 |<0.3 [<0.3 |<0.3 [<0.3 |<0.3 [<0.3
350 [<0.3 |<0.3 |<0.3 [<0.3 |0.7 <0.3 [<0.3 0.3
400 |<0.3 [<0.3 [<0.3 0.9 1.3 <0.3 |<0.3 |1l.06
450 |<0.3 |<0.3 |0.6 L7 4.2 <0.3 0.5 2.8
500 |[<0.3 |0.3 1.1 1.7 9.3 0.5 0.6 2.5
550 |[0.3 0.4 0.7 1.4 8.9 0.7 0.5 2.6
As expected, the empty reactor shows only minimum
20 conversion. SiC shows minimum decomposition at 450 C, as

seen from the H2 data, and which stays moderate at higher
temperatures as well. A similar behaviour is seen from

the mixture of TiN and S$iC, so that TiN alone also does



5higher in the presence of TiN, and together with the fact that DME

deconposes | ess easy than net hanol . Next to these fillings with inert
mat eri al sweeomwdeTeg to the i nvention, a geactor fillingpPcumpasoiosm2sron
(conparative) was also tested. Clearly, the SiC/ Fe 10filling shows much

hi gher deconposition than any of the other materials, and al ready at | ower
tenperatures. The sli grhtl smal | er absol ute val ues f H2 and

concent r at i oR¥ Tat? e HiSghéSt remFerRtdrs acdn T5& aldﬁ€(THWS&5I€10ﬁg t hat

was observed rhhen iGhit lae 2@ skonat itg ofrt he nlde ngongentyatien grsoduced in
the iron containing reactor and the H2 concent rati on produced SiC/Ti N

contai ni ng r eaclkarsd RAreaseSpaictS53Q Cicorpaned dze lewerxdlenpedatyr es.  So,
t he advant age of inert materials according to the invention further

i ncreases, 20&%d ferdy &t BéfefMeditany KOTESAISied f'or ntacts g ades in

an oxggenate LRI EHING HLAGon & G 38518 CORE 1Gernd? 3019/ Q12706 32 -
CL AlMB PCT/ EPZ009/ 067625

that DME decomposes less easy than methanol.

Next to these fillings with inert materials according
to the invention, a reactor filling containing iron
(comparative) was also tested. Clearly, the SiC/Fe

10 filling shows much higher decomposition than any of the
other materials, and already at lower temperatures.

The slightly smaller absolute values for Hy and DME

concentrations at the highest temperature can be
explained by coking that was observed then. Still, the

15 ratio of the Hy concentration produced in the iron
containing reactor and the Hy concentration produced

SiC/TiN containing reactors increases at 550 C compared

to lower temperatures. So, the advantage of inert

materials according to the invention further increases,
20 and they can beneficially be applied for contact surfaces

in an oxygenate-to-olefins reactor, e.g. as a coating.



1. A process for the preparation of an ol efinic product by reacting an
oxygenat e feedstock in the presence of an oxygenate conversion catal yst

wi t hi n a weactorr2myst em under oxygenat e-§9-o0l efi n converpsT@mpP2@0n6icks ons, to
50btain the olefinic product, wherein the reactor system has a contact
surface comng in contact with oxygenates and wherein at |east part of the
contact surface is an inert material_ of the fornula MX wherein: 10Mis a
nmetal and X is C, or Mis a netal oSiZadd™S3s N 2. A process accordi ng
to claim1, wherein the inert material has the formof a |layer of the inert
material on a substrate. 153. A process according to any one of the

precedi ng cl ali ms A wheceiss tlee ither trepearitalonhad anniodedhardnessdof tat

| east 2000 kgnm 2. : 4. A process according.to.any _qne of the preceding
clai s, wher & AT 08 G5t SFTFOMTHE GrOUp Condl TG 20676 ST B and
Zr. 5. A prosgssnaceoicdini@ isd cany-a01r3a eft thehpmnecedidie telraisig,temher ei n MX
is one of ZrN and TiN. 6. A process according to any one of the preceding
cl ai ns, wher éiMAShE XYERFETE 106 Odfe e COSMEEEE S rRacE 25Wisth t8n i nert

mat eral conmeg, N Coptact M;th & @ero%)ége,nate at a tenperature exceedi ng 350
C, in particular exceeding 400 C, nore in particular exceeding 450 C. 7. A

process accordigne i @y worrectofr tdies frededi g cldiars; awheraian adneireact or
system conpri.ses a _ heater. for 30oxygenate feedstack and a contact rface
of said heat &f CORBPced &di G H6r E et €01 al IS O 2610/ 6757067 133 OF

- PCT/ EP2009/ 3666 2% t8.c tA SRITGCLSS 1aCeer dinkg ! enadryriene oFf thike freeedi ng
clainms, wherein the reactor systemconprises an inlet for oxygenate

f eedst ock, aiB g@iedederit act surface of the reactor systemcomng into

contagt with pxygenaies,1 .ng x is ¢, or

M is a metal or Si and X is N.
2. A process according to claim 1, wherein the inert
material has the form of a layer of the inert material on
a substrate.
15 3. A process according to any one of the preceding
claims, wherein the inert material has a microhardness of
at least 2000 kgmm .
4. A process according to any one of the preceding
claims, wherein M is selected from the group consisting
20 of Cr, Ti, B and Zr.
5. A process according to any one of the preceding
claims, wherein MX is one of ZrN and TiN.
6. A process according to any one of the preceding
claims, wherein the temperature of the contact surface
25 with an inert material comes in contact with the
oxygenate at a temperature exceeding 350 C, in particular
exceeding 400 C, more in particular exceeding 450 C.
7. A process according to any one of the preceding
claims, wherein the reactor system comprises a heater for
30 oxygenate feedstock and a contact surface of said heater

comprises said inert material.



5conprises a contact surface of said inlet. 9. A process according to any

one of the preceding clains, wherein the reactor system conprises at | east

one conpowmenvigekmet ed fromthe group of3a reactor wall pca/pre@oteTs2s

internal, a standpipe and a cyclone and said 10contact surface of the

reactor systemcomng into contact with oxygenates, conprises a contact

surface of at_|east one of said conponent. 10'&? process according to any
e

one of the priecedi RgCCFESME-CSREERETN HonE dx vgén e8IE6EK Y reacted to

15produce the1qliefd, niv;paduatd nd:he pr esencs ofongtilef iz ¢ rae+f eed.  11.
A process according to any one of the preceding clains, wherein the
oxygenat e comveasingrtec dtegldpdtocdonpinics ez ia wolneadtas ugifere lvdvithg

one-di mensi onal_ 10- 20 rgﬂjfereq}.rin annel.s, .such,as M T or. TON type. 12.
A reactor syStemal CaBeTT SrHRE BrEar Ao of ek U Srodunt by
reactbng an exygerake feedsiteck ismrifhecprogsendel dhlan .oxygenat e conversion
cat al yst under oxygenate-to-ol efin conversion conditions, to obtain the

2501 ef i ni ¢ produét PARREES 7 CORE GLEdcttor 28ysPa8m Ris t&Sc 886 18Gr f ace coni ng

in contact widihigxyogenahe fheedst ock and/ of, Sieacti o ARAUCHS ) and wher ei n
at least part of the contact surface is an inert material of the fornula MX
wher ei n: 30Mdosca@neettalscdied ted $rOm ameMdroug et @ reacSioramd X, i s N 13.

A reactor sys_,rteem %crcor(%ien to cl asitmnl 9 wherein t he .react or %;ésltdem
conprises at ‘184S ond ‘EoMidnent “SENSErET Sofef 072065 %

- PCT1 £P2009/ Qe He2% tf Isemflzhe grroupcofrea dieat erysfreim exygenatie tieedsieck, an
inlet nozzle for oxygenate feedstock, a reactor wall, a reactor internal, a
st andpi pe andl&fcypeivore:2tand WREREILs et 3 Ca8tta5ar t5U8T afe cdorittadeasilr f ace
provided with thednerty mterial,. is part of the selected conponent or
conponents. 14. A reactor systemaccording to either one of clains 12 or
13, wherei n tHe. Enerocestse ricalo rdas.ga thardiye ©s1cofo fatt hice g@ste c2000kgmm 2.

claims, wherein the oxygenate feedstock is reacted to
15 produce the olefinic product in the presence of an

olefinic co-feed.

11. A process according to any one of the preceding

claims, wherein the oxygenate conversion catalyst

comprises a molecular sieve having one-dimensional 10-
20 membered ring channels, such as MTT or TON type.

12. A reactor system suitable for the preparation of an

olefinic product by reacting an oxygenate feedstock in

the presence of an oxygenate conversion catalyst under

oxygenate-to-olefin conversion conditions, to obtain the
25 olefinic product,

wherein the reactor system has a contact surface coming

in contact with oxygenate feedstock and/or reaction

products, and wherein at least part of the contact

surface is an inert material of the formula MX wherein:
30 M is a metal and X is C, or

M is a metal or Si and X is N.

13. A reactor system according to claim 12, wherein the

reactor system comprises at least one component selected
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from the group of a heater for oxygenate feedstock, an
inlet nozzle for oxygenate feedstock, a reactor wall, a
reactor internal, a standpipe and a cyclone; and wherein
at least part of the contact surface provided with the
inert material, is part of the selected component or
components.

14. A reactor system according to either one of claims 12
or 13, wherein the inert material has a hardness of at

least 2000kgme_



