WD 2011/ 057978PCT/ EP2010/ 066991 1 PROCESS FOR THE PREPARATI ON OF A LONER
OLEFI N PRODUCT This invention relates to a process for the preparation
of a | owewoabsfism7gr oduct, in particul ar including | owePColEPRIMO6E®ATh as

et hyl ene and/ or propylene. Mre in particular this invention relates to 5an
i ntegrated process including the cracking of light paraffins such as ethane
to | ower ol efins, and the conversion of ?xygenat es such as nethanol and/or
di ret hyl ether into lower olefins. The article "Integration of the UOP/ HYDRO
MIO Process 10into Ethylene plants” by C.N. Eng et al., 10th Annual

Et hyl ene Producers' Conference, 1998, New Ol eans, Louisiana, discloses

synergi es bet weetRLEmet BRRoI B oM AR TONTE] Bink " Efn @ LEF M aRR@YUCExcess

| ow- | evel heat froma steam cracker can provide sonme of the heat for
15vapori zation for_ the nmethanol in the UOP/ HYDRO MIO unit. Al so, snall
anounts of ethane AHE prEPRRECProdicEd WPt A BRI tteF pPecess can be

recycled to Fhlﬁré@/a{rcé!ai%irlso%ué nages- tA enhapesaver all pyirekdsiadhe article
focuses on hi gh-si ndgl e pass olefin yields fromboth the ethane 20cracker as
well as an MIO-Umitding proeesel¢iow seremdsf orRT s évadnprof an exi sting

et hyl ene pl anty by, addicngva - JOBA HYRRQMIQ-upht s t Oh A iridekeb1hse disgl osed in
t he paper UCPl?Hy ro Mo Applications" by C.N Eng et al; Asian Oefins and
Deri vat?ves Coff ef'd1feEatAST BRC Chthilddll VaBRewWs Pt 31 1S A§apob¥et June 18- 19,

1997, as well as-dd¥idSkide PEesental i-onppekegh UGB, andqcifed in the
prosecution file of US patent application published as U52005/ 0038304 Al.

An i nt egrat i onCQEHREE O CANCBY Byl ERS FlUgaht 2antedir MO8 eact or is al so

di scl osed in thg,ardichecrMQ s A2 Aktteppative for Ethyl ene Production?”
by H.  Zi mrer mann, ABL Et hyl ene Synposi um Novenber 1999, Ol ando, FL. Also

U52005/ 0038304 Al Tdisselr6sese ail i rfiegrraredosyste Mo YPROJUED N €t¢hA ene and
propyl epe from an, %%%@%e?wné@ gfy o (OT@ greacty on gyt gmand a steam

cracking system 1n particular a naphtha cracking system wherein effluents
from a cracki ngtirarec&raddcer om GmiFenceact 998 alevatOrileass, partial ly

conmbi ned. W2008{039948 A2 SCL9SER A PEACESS LA PLRAUGHAY +o-

olefins (MTO) unit and a cracker. Excess low-level heat
from a steam cracker can provide some of the heat for

15 vaporization for the methanol in the UOP/HYDRO MTO unit.
Also, small amounts of ethane and propane produced with
the latter process can be recycled to the pyrolysis
furnaces to enhance overall yields. The article focuses
on high-single pass olefin yields from both the ethane

20 cracker as well as an MTO unit. A process flow scheme for
the revamp of an existing ethylene plant by adding a
UOP/HYDRO MTO unit to a cracker is disclosed in the paper
“UOP/Hydro MTO Applications” by C.N. Eng et al; Asian
Olefins and Derivatives Conference, Asian Chemical

25 News/Dewitt, Singapore June 18-19, 1997, as well as in a
slide presentation marked UOP, and cited in the
prosecution file of US patent application published as
Us2005/0038304 Al.

An integration scheme of an ethylene plant and an MTO

30 reactor 1s also disclosed in the article “MTO - An



10C2-C4 olefins by using an integrated system of a nethanol -to-propyl ene
(MIP) reactor and a steam cracker, so as to increase the production of
propyl enevoRAIYUS7RITP react or a shape-sel ective zeol it e PCTEPR@ONGE®A] ar
ZSM5, is used. Moreover, ethane and propane are recycled to the 15cracker.
Met hane/light ends, as well as a C4/ C4= gtream after butadi ene extraction,
are at least partly recycled to the MIP reactor. Butadiene is obtained as a
product. A C5/C6 product streamis also recycled to the MIP reactor. O her

publ i cati ons desediRicnget hercombynatd orocalicanczZPethiane chagkeraand an OTO
reactor include CAl 207344 and W2009/ 039948A2, The availability of
hydr ocar bon f edstidcRe A B8P AF 1 odRVFBRST cat’ be  1EREPr ehlje 461° keepi ng

running exi sting @l Bniossbbkeast eadniseekansiatedhe desivgned feed intake,
250r can be insufficient to build new plants of sufficient size to achieve

econony of scaPeldUKipar Creulare i dxue Can 1Fof XAl e BEIAN At fi shi ng suppl y

of ethame ori gbnatingdro9n-aastcsessistehy adeph edd g natvkahg0agsidngl d to an
et hane cracker. 30It is desired to econom cally increase the production of

| oner ol ef i ns, 1T PHErtGEaFaft RAPRIENETAREABE DY D ef@eFPoh a f eedst ock

source. - 3 -errlucHt® BLeSeAtciiMentd enrpLeyi des B R eeessof Laddie
preparation of an ol efin product conpr|S|ng et hyl ene and/ or propyl ene,
)

whi ch process onpth s€sstheastepslofcombineg) cracking a paraffin feedstock

conprising C2 - Cydpanabbbasg undey; cnacking condidd eds bho@u&i@sking zone
to obtain a cracker effluent conprising olefins; b) converting an
oxygenaf e feedstdck dirfansokygendte-AooRePPR3t O SIToRIs§st em conpri si ng

a reaction zong.imWhi-¢h_gn.gxygenatesfeedstock 4,y contashed yiitdy an
10oxygenat e conversion catalyst under oxygenate conversion conditions, to

obtai n a conve?sidn tef fNGEARSE oMY ITFIAGCELRY | @heP Ry epr &pyteneit? ¢)

conmbi ning at |gast: part ;L Lhe. cLacker ebhhpent; and at l.egst pard of the
conversion effluent to obtain a 15conbined effluent, and separating an

ol efi n productistusssin donpevsi ngetétand eénd andpore prispyleenel 6 one tthee

15 cracker. Methane/light ends, as well as a C4/Cd4= stream
after butadiene extraction, are at least partly recycled
to the MTP reactor. Butadiene is obtained as a product. A
C5/C6 product stream is also recycled to the MTP reactor.

Other publications describing the combination of an

20 ethane cracker and an OTO reactor include CA1207344 and
W02009/039948A2.

The availability of hydrocarbon feedstocks at certain
locations can be a challenge for keeping running existing
plants like steam crackers at the designed feed intake,

25 or can be insufficient to build new plants of sufficient
size to achieve economy of scale. A particular issue can
for example be diminishing supply of ethane originating
from a successively depleting natural gas field to an
ethane cracker.

30 It i1is desired to economically increase the production
of lower olefins, 1n particular ethylene and/or propylene

from a feedstock source.



conbi ned effluent, wherein the paraffin feedstock conprises ethane, and
wherein the cracking conditions in the cracking zone are sel ected such that
60 W % orwDessl/@B@oB et hane in the paraffin feedstock ar@Ctom@viveddturing a
singl e pass through the cracking zone. According to the invention, the
cracking step in an integrated cracking &d OTO process is conducted at | ow
severity. Severity is suitably defined by the conversion 250f ethane in the
| ow paraffin feedstock in a single pass through the cracking zone, i.e. the
ratio (by weight) ofe et-haset craeked dnopphodast sa andbdcRer eborendot present
in the effluent, conpared with the ethane in the paraffin feedstock. A
severity of 64BhT2N%ESE RANT sCYLHgdr #eq986F o B - P&t FELGYAF A severity of

60 Wt % or | essan@dlk kY chow wemal idrcks sS0omb X s lt@sSsteps &perating
the cracker in an integrated cracking and 010 process at |ow severity has a
nunber of advaht agésickang a PRr3igiis SFEFPEGSK t HETEEISdEi vFty ©f the

cracking step ghoder i@ ehhylepeadisidy abenitands | 8% Ry=pkodyctsnare formed.
This is desirable in order to convert the val uabl e et hane feedstock to

maxi mum et hy| ePe-3Vhén oF8F < Sexahpl et Rafer { 88tV 19dppl y to the cracker
di m ni shes, |oyer &gNRiktYgoReratjRmalir $be@ft i ﬂnn%he@§ﬁ§eﬁ£%éiﬁdlylene
yield and at |east partially conpensates for a | oss of ethane feedstock. In
addi tion, syne?HyBenéPVErate” obtHided CPPBRT  HEY | htrE€GC&EPBNZ e h-"0an OTO

conversi on sysfemn BOr oaystands atne (olackiingosystem kM cd shtuation of
| ower et hane feed supply, the product work-up section would not be used to

ful |l capacity,oOXVIREEUeSSNVOT 8l O cedst g6k WodtH Depraéessedvenbr®over, the

rati o of val uablgpriQduct st gpunconyeithed  15f eedst QLhk bebng, pEogessed in
t he work-up section woul d change unfavourably when running a | ower

severity, incredsiifge ReMer kPUpPXlssteiper ton of product. Wth the OTO
conversion systemdbeing:hpt egrated, & ,.copbi ped work-up seeLion gap operate

at higher ratios of products to 20unconverted feedstock, since the yield of
et hyl ene and propydasrie bientaoki higft ecqrarss silgnhe ghireflortcOPO-8y8tens than for
crackegs. OTO S&Wi S errefilhyent sy typieath y,haye @ ¢l %E?MS&% hi gher
concentration of ethylene conpared to the concentration of ethane in the
cracker effl ueptredheopbeodabioeek wflifdnge andy heref are digs faoberet i ci al  hi gher

et hyl ene/ et ha”ﬁ%s !y re%%ﬁﬂeﬁ*?,gmﬁél’%i%r %E%aﬁ%ﬁi%%-e_d's@o@ dition,

capacity that econe aval e in the work-up section of the cracker
can be used tocahmoliager kthpnpr ctuttidicfredm the OO Koy erstlohigystiem 30As

an addi tional Pﬁ?%ﬂk&mi%BGZBQéaém§%£§%%%%ht¥u£ﬁ that 60 wt% or less

20 of ethane in the paraffin feedstock are converted during
a single pass through the cracking zone.

According to the invention, the cracking step in an
integrated cracking and OTO process is conducted at low
severity. Severity is suitably defined by the conversion

25 0of ethane in the low paraffin feedstock in a single pass
through the cracking zone, i.e. the ratio (by weight) of
ethane cracked to products and therefore not present in
the effluent, compared with the ethane in the paraffin
feedstock. A severity of 64% or less than 1s regarded

30 low, in particular a severity of 60 wt% or less, and a
very low severity is 50 wt% or less.

Operating the cracker in an integrated cracking and

OTO process at low severity has a number of advantages.



C2-C4 lower olefins increases with decreasing severity, and that formation
of by-products |ike nethane and C5+ decreases. This allows advant ageous
recycl i ngvof20a/67998rti on of the conbined effluent into Phe/EPAMIeHs@IEd
process, so as to obtain a higher overall yield of ethylene and/or

propyl ene fromnet feedstock intake. The4advantages are nore pronounced
when the cracking 5conditions in the cracking zone are sel ected such that
55 wt% or | ess, preferably 50 wt % or |ess, of ethane are converted during a

singl e pass through tihe eraskitg ZoREseclectidhesemrthecothgtk benefids wil |
be di scussed in nore detail below. 10l n one enbodinent the | owparaffin
f eedst ock conpit¥Es BWULARELSRF ef BrialdhP Tt he"But &k G%sPardrehstepartial Iy

obt ai ned from theconhinnedi ef fidserdn1 Aiguantibt ye Ofcditeanechs typically
contained in the effluent as such. Myreover, additional butane can be

obt ai ned by 15‘ﬁ‘§ljd+%ﬁ§n§ttpﬁ§euﬁ%%@iﬁoﬁke&ooﬁlaébrﬁlﬁbr?etﬁ}ysleélﬁchw%n btt'ene and/ or

but adi ene fromiheef idruant. rien hut angphs €8-ciackexekth ethane, the
cracking conditions in the cracking zone are preferably sel ected such that

98 Wt % or | essdipErEEsbI QOgﬁr\/\W)ﬁ@&rltIYe%’er%%%“ priefsér 861 $195 wt % 200r

| ess, of butangnisLerventedrgdprdng 3 e3inghg pass4di eughikhey cracking
zone. In a particul ar enbodi nent of the Pr ocess of the invention, the

cracker ef f| ueP®RHEEGESt AT reattiorfeflaent tedtirdkes 18 &49pbtti-on

conprising unsgiidalesendpapd yhergidyibhhe Prosess fiurlhen:conprises
recycling at | east part of the C4 portion as recycle feedstock to step b).

This cah yi el RadH icoRarrethyl %Yﬁ-,{ea’Thd FeFopy# T¥omet Ke2rhteYr at ed

process. Preferablyy, sat ol eastapadt Af 1bheHBepord iQnd %u@%dlzeat%e partially
hydr ogenated to obtain 30an | east partially hydrogenated f eedst ock

bef ore recycl i PgPIHits MoEEdEP oBkCH Pt LEbPOt | e parad @l 4PL1di - ol ef i ns such

as_butadiene atgpueher abhychydioaenaned balos e reaiel kR0p:boodaas ease
yield and to prevent - fouling or coking. Extraction of but adi ene is

possi bl e, but %@%@quraﬁﬁet ol o rdcoveiybils pedditihielty graphventecthat there
I's not,al ways g, comencial \guflel.sddy ane.gabpdinent Jthe;Fecyslfy feedstock

conpri ses butene
change unfavourably when running a lower severity,

increasing the work-up cost per ton of product. With the
OTO conversion system being integrated, a combined work-
up section can operate at higher ratios of products to

20 unconverted feedstock, since the yield of ethylene and
propylene in a single pass is higher for OTO systems than
for crackers. OTO conversion effluents typically have a
relatively higher concentration of ethylene compared to
the concentration of ethane in the cracker effluent. The

25 combined effluent therefore has a beneficial higher
ethylene/ethane molar ratio than the cracker effluent. In
addition, capacity that has become available in the work-
up section of the cracker can be used to also work up
products from the OTO conversion system.

30 As an additional benefit, the total selectivity to
C2-C4 lower olefins increases with decreasing severity,
and that formation of by-products like methane and C5+

decreases. This allows advantageous recycling of a



Spreferably at |east 10 wt % butene, and the recycle feedstock conpri sing
butene is recycled to step b). In particular, the recycle feedstock

conpri si Nyohaties®78an be contacted with the oxygenate c®aT@aPdlonceat al yst
in the oxygenate-to-olefins reaction zone. Such an olefinic 10co-feed can
generate additional ethylene and propylefe-in the course of the OTO
reaction, in particular when the OTO conversion systemis designed to
recei ve such olefinic co-feed. The oxygenate-to-ol efi ns conversion system

can al so conprp&e:iah orethd esmekidiy «zeneesepaked eenkbfinesyt heea
oxygenate-to-ol efins reaction zone, and the recycle feedstock including
but ene can be PEFTT t KE 8Fef? P drHckiPng126fE. OTHe di &ffhdcPhacki ng zone

suitably conprises éneCahalystprIhe drrcyeba heedsdack canihnskaderty gher
ol efins such as C4-C6 ol efins. 20l n one enbodi nent a recycl e feedstock

conpri sing but 3MENFEFePEBI OBt TEIHEEIMIE DUt ETSGER s at | east 50

W % but @ane, i scsibiectiedihorgs a@ﬂ%d’l&rﬂ@“@%e' Ve sevieldtey @ﬁ@ﬁktm 55
condl ti ons, wherein butane conversion is 90 w% or |less, to obtain a butane

cracking ef f | UBRt .O25E8ckPRGEBFI UL FFEGNPT ol Severi F "B afe® cr acki ng

can be used fubdywOrcdanapattgas Saedd @astepnblugl i@ Raktk e afo@bodi ment
the |ow severity butane cracking can be achieved by adding the

but ane- conpri si ng Tec¢cPadf et e afatst Bak befbrevseeds ter"difj ecti ng
the st eam 30t ogsuper hrati,ng, which steamis subsequently be fed to the OTO
reaction zone. This superheating can be conducted in one of a superheating
furnacelor a superfe&fengrbofenent thg éonveRtF o SdErP6ro8k a cracki ng

furnace incl udwgprtﬂ%s%ﬁ%h@g ﬁ%raﬁ? rgeyghedfeadstockthat is
subj ected to cracking conditions preferably conprises |ess than 10

Wt % 5unsat ur ate3r tivorle pheferedl i Tegdiet RaFLEGR %L ilncoRe enbodient the

recycl e feedstopledate s %%)1!918 150 dacenacki ng qondidhaos: coapeiges but ane
obtained by first selective hydrogenating a C4 fraction of the conbi ned

effluent to o@ﬂ@ﬁ@@‘@rpaﬂﬁﬁythymbdéﬁ@tr@dCﬁodﬂeecflftléuémi bgnd further
hydrogenating the pantly Bydrogenated €4 ebflyent. %u%%”&@riau%éﬁee”e to

but ane. Reference herein to a C4 portionis to a drocar bon conpound
havi ng 4 car bomn&tonmdutediangi ke elenelfddiagt hWﬂTQﬁCéPPJtﬁ@newﬁpmmds havi ng

4 carbon atonscrégkér with ethane, the cracking conditions in the
cracking zone are preferably selected such that 98 wt% or
less, preferably 97 wt% or less, more preferably 95 wt%

20 or less, of butane is converted during a single pass
through the cracking zone.

In a particular embodiment of the process of the
invention, the cracker effluent and/or the reaction
effluent comprises a C4 portion comprising unsaturates,

25 and wherein the process further comprises recycling at
least part of the C4 portion as recycle feedstock to step
b). This can yield additional ethylene and propylene from
the integrated process. Preferably, at least part of the
C4 portion 1s at least partially hydrogenated to obtain

30 an least partially hydrogenated C4 feedstock before
recycling this feedstock to step (b). In particular di-
olefins such as butadiene are preferably hydrogenated

before recycling, to increase yield and to prevent



15conpri ses unsaturates such as butene and/or butadi ene and/ or

vi nyl acetyl ene. Typically the C4 portion conprises at least 5 wt%

unsat ur atwe,20iw5pEsti cul ar nore than 10 wt % nore i n paPCrErR@/OEOPE t han
20 wt % Butene can for exanple be 1-butene, 2-butene, iso-butene, or

m xtures 20i ncluding two or nore of thesé eonpounds. The C4 portion may

al so conprise saturates such as butane (n-butane and/or iso-butane). In one
enbodi ment, at |east part of the C4 portion can be isolated from ot her
conponents of thelGeMyrnedkefid| uBfinagsaochhat blic{orame ascppsemtrgted C4 25
stream conprising 50m % or nore of species having 4 carbon atons, in
particul ar 75w% di°Stove, 2Ror EPTH FEOVEGY ar S Yoo lforBa Ll SO n ot her
embodi ments, thesatideast spast Sfwdhre CAoppettom farmecparh efea m xed
stream conprising C3 and 30hi gher. (C3+), or C4 and hi gher (C4+)

hydr ocar bons, QU EEE SPPeRRTSUBSETIPAPFY cOMtEiFfiSng h§tfocar bons in the
range of C3- C8pr&fe Gl ati Nepa tiCWlar nehe&B, UnCA RS  recycBe- I'n addition
to C4 unsaturates such a mxed streamtypically conprises other unsaturates
as wel . Bie s COPaF t P ATY YPUhFdFogEnBE PG 4t UCeaSEPPpaALt Bt the C4
portion, val uaple feadst oekefpEcFeQYGlelcngrbox t hgndintiegr atednprogess can be
obt ai ned, generating additional ethylene and/or propylene. At |east

partial | y hydrogetdtiatdCaisFactifi©Nperagenatt iy dic olcéf rhESant? or

acetyl enes to oht al.n,additienal; butrenec andor ecycd | nghutgng preferably to
step bi], and/ or hydrogenating to 10butane, and recycling butane to a

cracki g st ep. co-fectheapngenttare viiddi taewabec B stiiss @@ by r dayL e exanpl e in
nmore detail, with seferencecto dhe AAwWiRgS, 1 Whelel it fTi-gulgsy 1e
schematical ly show vari ous enbodi nents of an integrated system and process

i n accordance We raversspaventieon.is despapederee 9 ived6UED Figure 1,
showing a first)emodi nBnk.of . af,d n.ggrated syst emifor BrodUci Ky | over

ol efins for conducting a process In accordance with the invention. 20The

i ntegrated systemen comppilsescariEckiong osgstenmBickdingo zpat eptRAr &t as
crackeisS, andealy, 9xygengtest ol efing (0 c0NVE! SIQR Syskem 8. A

| ight paraffinic feedstoCk conprising ethane, 1Is fec? via ltne 10 to the

st eam cracker Becrlef deabbyothel XErddeki Rgtsyst @m ike dedethablee cracker, and

the light paraffinic cfr%%gr%gc%oﬂlé. an, ethane; compt 'i%”ﬁlo‘iq%e%]wgﬁy
preferably conprising at [east 35 wt % et hane, preferably at [east” 50 wt %
nmore preferabl gorariseast 7Zotatvst EtHeneeciyche f eetdbttock mari mskglet hyl ene

producti on. V\aﬂ%heq_j o%%%ﬁ%@”%ﬁ&aalss%zﬁ—%‘é gge%pﬁspracker 5vialine 12 as

20 In one embodiment a recycle feedstock comprising
butane, preferably at least 10 wt%$ butane such as at
least 50 wt% butane, is subjected to cracking under low
severity cracking conditions, wherein butane conversion
is 90 wt% or less, to obtain a butane cracking effluent.

25 Cracking effluent from low severity butane cracking can
be used fully or in part as feed to step b). In a
particular embodiment the low severity butane cracking
can be achieved by adding the butane-comprising recycle
feedstock to steam, before or after subjecting the steam

30 to superheating, which steam is subsequently be fed to
the OTO reaction zone. This superheating can be conducted

in one of a superheating furnace or a superheating zone



di luent. The cracking conditions in the cracker are selected such that 60
wt% or |less of ethane in the light paraffin feedstock are converted during
a singl e WaeLs1/05M78 t hrough the cracki ng zone. Steam cr CKiERgOMI0b499he

di scussed in nore detail bel ow. An oxygenate feedstock is fed via line
15 to OTO conversion system 8, for exanpl’e-conprising methanol 5and/or

di net hyl ether. Optionally, a hydrocarbon stream and/or a diluent are fed to
the OTO conversion systemvia |lines 17 or 19, respectively. In

principl e everyn khawhvOEO: 60NYEESI AN Ty St eAkaANth PracesseCancbeaused in
conjunction wth the present 10i nvention, including processes known as

Met hanol -t o- CF&f i TS EMPE) 23hd- Met hanol to Propyl ene (MP). The OTO
conver si on syst emmand -peQees st &btk exanple deorasadisctosed dn

U52005/ 0038304, incorporated herein by reference, or as disclosed in
WD2009/ 039948, CPHEdr POtaPEeat 15Heei P by 1ref et it &-RANDIA ¥HB6/ 020083

i ncorpogat ed hgked iRy cef RPLACEs e I a3 ydi 86k 0l 10 @Ry of the
publications by Eng, UOP, and Zi mermann identified in the introductory

part herei nabove, & PEneBPpotHIEd By Fefifehckedtiocker partfcul arly

suitabl e OTO comyfssien t30prosESSES AR t3¥8E eMBnW 2 sSpeebhic advant ages
are disclosed in W2007/135052, 2009/ 065848, 2009/ 065877, and al so

WD2009/ 065875, ORWPIOTY BE58705 T VORRIF/ 1063858y aPyeniicePpdr at et By ¥BYf er ence,

in which processes,a Gabahygt c EONRIHSIRY 0B8R, 8k WM Nasilhl 63hecginzeol ite
havi ng one- 25di nensi onal 10-nmenbered ring channels, and an olefinic
co- f eetl? and/ or € ethfdiiernfeedn ¢ st enpldy ddIrPperer dll yHeh@20FEY conver si on

systemis arranged,d0 fegebye. am Qef ichi cogteeamuand abl gut o at | east
partially convert this stream in particular a stream 30conprising C4

ol efins, to ethyl éfdcararer hprobyltené. CEnrohel optison. Bheydeesal e eedst ock

can be contact g Wi 1y 106 Axygenane, conversi op gatalyst 1hhipatdcular as a
olefinic co-feed to the oxygenate feed, in the oxygenate- - 10 -

to-ol efins reakydoreazdne, cseectints éxanple 20097 089948 6rd\W2007/ 135052,
W2009{ §65848, cé/x\%z@%%{so@ﬁ@ﬂur%@& Qiygenat g, convery op ¢atakystein this

case preferably conprises an alumnosilicate, in particular a zeolite. 5In
anot her opt i onerdecroxyigenaretybewd f iy ceohveFs¢ 0t PPSEEAN COATIPYT ST an

ol efin cracking. ZPJ&%td%‘Q’%%r g]?g%gﬁroargegbeigxgg@@ﬁglﬁ-gro-m%gf Lns, regaction zone
and arranged to crack + ol efins produced T n the oxygenate-to-ol efins
wt%, more in particular more than 20 wt%. Butene can for
example be l-butene, 2-butene, iso-butene, or mixtures
20 including two or more of these compounds. The C4 portion
may also comprise saturates such as butane (n-butane
and/or iso-butane). In one embodiment, at least part of
the C4 portion can be isolated from other components of
the combined effluent, so that it forms a concentrated C4
25 stream comprising 50wt% or more of species having 4
carbon atoms, in particular 75wt% or more, more in
particular 90wt% or more.
In other embodiments, the at least part of the C4
portion forms part of a mixed stream comprising C3 and
30 higher (C3+), or C4 and higher (C4+) hydrocarbons, such
as a stream substantially containing hydrocarbons in the

range of C3-C8, or C4-C7, in particular C4-C6 or C4-Cb5.



reaction zone, as for exanple in US 6, 809, 227 or 10US2004/ 0102667, and the
recycle feedstock is fed in this option to the olefin cracking zone.

Sui t abl e WWDQot1n3veBsi on processes and systens wi || be diPSTEPI@EM/066991DI €
detail below In the steamcracker 5 the |ight paraffinic feedstock 15is
cracked under cracking conditions, to préduce a cracker effluent conprising
| oner olefins in line 22, wherein the light paraffin feedstock conprises

et hane, and wherein the cracking conditions in the cracking zone are

sel ected such thaia8@ iwh% er ch esssnfurettbaneutn 4 hei-20l isghtaparaffin
feedstock are converted during a single pass through the cracking zone.
In the OTO conVEr <79 YsyetBim 851 HE- 16Xy jenat er # ettt land optional Iy an

ol efinic co-feed (mhizehieaBt bgapardilly erafubdyadidgeeycheast ream of s
contacted with 25an oxygenate conversi on catal yst under oxygenate
conver si on contdit i h$CrtéO8bt 4 HaPCorh¢eFSF R ef 1 U&HHY CdohPr FRi M | ower

olefinssin linen@frated Bbbhugatsaf remegracking and oxyagnate: convar si on
need to be worked up in order to separate and purify various 30conponents
as desired, an¥tiAEr EREUPArPEPEE Sr-até bRRSorPaIé lEwer ol efi ns product

streams. Fi gurgydr sfows isghesmticaldde aye0ngoRaWHK-dUP c38EE hONaniWiCh
receives and processes at |east part Q? t he conversion effluent and at
| east part of tHE-ErAEReE CePPtUBhtadIPFpPLRal | YUTERE kiTGRN T§EBAHT Y acki ng as

well as OTO processerelebeasif | uenicdos vuenshed: inyaguenehnynid with
Squench nedi um such as water, in order to first cool the process gas close
to anbiént tenperartur @rfefB8FECTINT PUEGSt 5Ot AeCTBNPIESS6FP-to al l ow for a

smal | er conpressorrfy angest £6n apd |l %W%rbgp&ﬁéc&éﬁéﬂJ%Qt%gg geec i ondeduced
gas volunme. O her benefits of a quench unit are highér 10conpression

efficiency at 1ovikara epetat uretanticordensadi e cirawarer  vapdiRiupst r eam

of the conpressor,jqi ntlky swhth. ¢ gadily seendensable ydroganbon, £oponent s
that are fornmed in small anobunts. Any liquid heavy hydrocarbons are phase

separ at ed fromPiguiadegargrtandibseparately recovered. "Waberhor steam from
the qu?§0h un'invention.

Reference is made to Figure 1, showing a first
embodiment of an integrated system for producing lower
olefins for conducting a process in accordance with the
invention.

20 The integrated system 1 comprises a cracking system
5, also referred to as cracker 5, and an oxygenate-to-
olefins (OTO) conversion system 8.

A light paraffinic feedstock comprising ethane, is

fed via line 10 to the steam cracker 5. Preferably the

25 cracking system is an ethane cracker, and the light
paraffinic feedstock is an ethane-comprising feedstock,
preferably comprising at least 35 wt% ethane, preferably
at least 50 wt%, more preferably at least 70 wt%. Ethane-
rich feedstock maximises ethylene production. Water or

30 steam is also fed to the cracker 5 via line 12 as
diluent. The cracking conditions in the cracker are
selected such that 60 wt% or less of ethane in the light

paraffin feedstock are converted during a single pass



can be partially recycled as diluent to the cracker (line 12) and/or to the
OTO conversion system (line 19), optionally after treatnent or purification
as neededvoedy/ostosr enove catal yst fines. Vapour conpon@cT&£rPadimses20quench
are typically sent to a conpression section, subjected to a caustic wash
treatnment, dried, and sent to a separati &n-systemincluding a cold section,
So as to obtain separate streans of main conponents. Figure 1 shows
hydrogen stream 32, |ight ends stream 34 typically 25includi ng net hane

and/ or CO et haneosi eam 36acelhylf1e stream & ciprepaneisbeeam 40,

propyl ene stream 42, a C4 stream 44, a C5+ stream 48, and a water effluent
50. There can & $3'%¢% Separat &Gt &6P8r heavy (I1iquid) hydrocarbons

(not shown). The G& sikganhis GcLOACRML fat eda 3PCA Stieam thtovd | | be _
understood that separation can be conducted differently, such that certain

streans are cofPifedio0r S¥YaFthet: séFarZeMBhS carM e dar fedlettt such as on

the Co+sfractiongir theeChystigan dJafice%anp| ea @y drckarbosOBeeadk ated
but adi ene stream coul d be provi ded such as 'éT but adi ene extraction, which
[

allows to pr oc%%%/%taaﬂ’iléi%@“%e%]%ﬁ a8l yO Fiei STAICes<Phl eVEhat ‘tiife C4
stream cont ai ng; heaviehLCOPoReit Syt 1Saky .as C5 and/ or C6 Sconponents. Each
streamw || have a purity as desired and can contain a certain
concentration of Oth&FlpFéaietStHpoRentsOas eontefivaneystem angd will be

under stood, angh-ddiss isindbsclssgd  f Aorexarphén ihi WS20Q540038304, that
cracker and oxygenate 10conversion effluents can be conbined at various
st agesl®f wor kiwpEREieeh aschefbre RARSKERPAGKN AT S dieReRCanEC bef or e

conpression, of1@f{ Rl ©RBPressi Wndavan cbf pLhgy &ffd Uents . arge copbi ned
bef ore quenchi ng, certain process steps such as cooling/heat exchangi ng can

be carried outCdBEFomE 6Fshot hhrd fANPERES Sepatdt ¢lipnPPeeberabty it is not

required to inglude, & PLimBEYohs AGidenat of 1 Eor, heawy ¢erpopepts from
cracki ng before a quench tower. This is the case when a sufficiently Iight

paraffin feed Fefdmnaco Pheaerabkiimpesedni 6A200D 438 bénadvamtzgebus to
recycl esat | eagt, paft, of yarkous %d—%ah%ow?ﬁbé Fiﬁé&‘%g%é%&”}geéé’i% em 5

and/ or the OTO conversion system 8. Ethane fromline 36 I1s preferably

recycl ed as feedstafekenget her ciackierc1®setoihi ary 19) ,thandubhecet hraare
conprises etha Eq{gaclﬁ%&) fggg 2Pt as iy ggpygg# ed, a8 well as ethane
v t I’y

contained in the OTO conversion effluent. t1ona al so sone or all
propane from | imeddtoryepyet et navever agkerindarpdriesedayy addi ti onal

ethylene and propylene i 5,801ai ned Lacan,also he desiy ed, Lo Legycl e part

of light ends, an 3 efinrc stream and/ or a conponent to an
oro 20 processes and systems with specific advantages are

disclosed in wW02007/135052, W02009/065848, w02009/065877,
and also WO2009/065875, wW02009/065870, W02009/065855, all
incorporated by reference, in which processes a catalyst
comprising an aluminosilicate or zeolite having one-

25 dimensional 10-membered ring channels, and an olefinic
co-feed and/or recycle feed is employed.

Preferably the OTO conversion system is arranged to
receive an olefinic stream, and able to at least
partially convert this stream, in particular a stream

30 comprising C4 olefins, to ethylene and/or propylene. In
one option, the recycle feedstock can be contacted with
the oxygenate conversion catalyst, in particular as a

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



conversi on system Typically, both the steam cracker effluent and the
010 conversion systemeffluent will contain C4 species, - 13 - in

parti cul awoi2atl/as@78g unsat urated C4 speci es. The crackePCafEHPRuOM06699d | |
typically contain nore butadiene than the reactor effluent. Both effluents
typically contain butene, and a quantityl®f- butane. 5Figure 1 shows the
option that the C4 stream44 is being fed to a hydrogenation unit 54. It
shal | be understood that only part of the C4 species in the conbi ned
effluents 22 apgl2%Gar terptihe sidgameddsoanskdliate athenoputdeis streans
for C4 species can be provi n a preferred enpodi nent, substantially

ded. 10| d
all, i.e. 90w 9% JFOTROELI38P541 | " KHEEPE4 8 ar WOcYMi%ed 'i'n The stream 44.
In the unit S54cothesrsiteeanhddrssohydiegenat ed whid @ ssoureecpiphydrogen, and
an at least partially hydrogenated C4 feedstock is obtained in |line 56. The

15hydr ogen canCHtPYieast 2paft Pat 195 orlicgitRat &7 f P ok t e3¢t d4ckePlsteq n speci al

enbodi ments, atnleasthdpabhbt0bnthee alxyleastepastdaldinshydnogenated C4
feedstock is recycled to the cracking system5 (e.g. conbined with Iine 10

or fed separat &Y §EaThiOEFAEREr 215)0kf{d 0F FRREL O WEh PEISF HRe DD st em 8

(typically viachd n&bbnatbieh-cadrhe cenbined wid didnerlangad/ @5 steam
line 19 before entering the oxygenate conversion zone). Respective options
for recycl e stfexfts “rie ClRdieatedPiredashedl i re& VP4 a8 578 1 ¥hen

recycling to the, JiQconver shonrsyshemp8e theu2s anyglesstream can be a
co-feed to the OTO reaction zone, in an OTO reactor. It can also be a feed
to a cafal yti cUot&4/W10L4ERI nyn 2o dowisSt FebdsdTioifit Bé 6R¢gbhatels ool ef i ns

reaction zone.,suidableceat gl ysts andreandibionss.argdeserbbed in Us6809227
and U52004/0102667. Catal ysts 30i ncl ude those conprising zeolitic nol ecul ar

si eves such asCNFIeRSied, PECEHEs TEMBA GiVSVERSt ype, e §lisZ8kFed,ias wel | as
Boralite-D and,sid igaljte 2iow- 14 - In one particular enbodinent, the
stream 44 conprises a significant quantity of di-olefins, in particular

but adi ene. A si gnifi ¢ast sgaant¢tacksf Buthdi eheht qrer féraapfecditddkast 0.1

Wt % of ; but adi ene 10, hhe stream.J i@i%arc:%‘&%%%ﬁ,t 1£88ha0-2 W% more in

particular at least 1 w% or at least 2 wt% isis typically the case if
the C4 stream ddd@mmpreifséseshbsermtisanoy lalver slefhings 19010 o4, nore, of C4

speci es in theponbinedeettLyent 52225 Chacker &fflueat Lentypically mich

richer in 10butadi ene than O conversio uent. I n particular
enbodi nent s staeAmidt edantak sor dekiadboadiieherenin dhed cserkany si@lte as

resul ting fron%f%tggfaytgeesﬁéﬂréﬁéé(§b wt% or less of ethane in the

20 light paraffin feedstock are converted during a single
pass through the cracking zone.

In the OTO conversion system 8 the oxygenate
feedstock, and optionally an olefinic co-feed (which can
be partly or fully a recycle stream), 1is contacted with

25 an oxygenate conversion catalyst under oxygenate
conversion conditions, to obtain a conversion effluent
comprising lower olefins in line 25.

Effluents from cracking and oxygenate conversion need

to be worked up in order to separate and purify various
30 components as desired, and in particular to separate one
or more lower olefins product streams. Figure 1 shows

schematically a common work-up section, which receives



The stream conprising a significant quantity of butadiene is subjected to
sel ecti ve hydrogenation 15conditions in hydrogenation unit 54 in the

pr esence WO 2budisoyeén and a hydrogenati on catal yst, to c®aT&PRolObE@di ene to
but ene, but preferably m nim zing the hydrogenati on of butene (contained in
the C4 stream and/ or hydrogenati on products from but adi ene) to butane.
20Sui t abl e processes for such selective hydrogenation (also referred to as
partial, mld or sem -hydrogenation) are known in the art, and reference is
made by way ofaexammestesDerriedst Mder o8etestimerdipdoagenat hom: applied to
the refining of petrochem cal raw materials produced by steam 25cracki ng”
(1986) Stud. St .2tsdieaS€aPart, c27ENSFragtsr 866 e g -Wo 95/ 15934, or to

U54695560. Typi caldypiatiiheastn 9homr%setshut agiene; iss eenvest estd o but ene,
and | ess than 10 wt % preferabl¥ |l ess than 5 wt % of the butene, based on
1

butene in the PERFIE rhENgeP bt iV HyPdrBGRARET o) § SIUSOEONVREE bt

but ane. 5 Thee eftf hdentinf £Qem s&d eclrcve hydsegenatd anriss ao&#4 deedst ock
conprising butene, and butene is a desirable co-feed

A n ' '
oxygenat e- t 0- OPEYTHS FE&cEILBRS, B9 MPpAritcGFEPetayE & Bedof el M préstess or

in a process ifoWHLh@peaEabYStr £UMILKSERY ANsd U NeSnbi-6at6er Or zeolite
havi ng one- di nensi onal fo-nenbered ring channels, and an olefinic co-feed

and/ or recycl ef TEE FigceAPPoYREET RIS s CPBEYRPREPB\WWE [FPnEeSTHSd |99 Sanot her

enbodi ment, styeAMA4 FQRPr behdg wnsat ur ahed-CAnsined @S nignaerbj ected to
more severe hydrogenation conditions in unit 54, in the presence of
hydr ogeh and aCPiirogerat PohT ety stt, 1oyt habritaEnes agdiowel | as any

but adi ene are syhstantiiahl ¥efyhiy hydiogengtedsadng amcetbhpenisdich in
butane is obtained in Iine 56. Such a butane-rich stream can be recycl ed as

f eedstock to tﬁéﬂ§ﬂéaﬁﬂéhaéﬁééi%v\RQ£qqnﬁéb$?abY@ﬁPQﬁ¥H9@ 6phaPreddi t i onal

ethyl ene_and/ ofy v oY) eBEnedSHDS{AN! LablycLul Anhydiogenabhop | s whereby
the C4 reactor effluent contains an olefin concentrati on of wt % or | ess,

preferably 0.1W%orarkess, abaselh on opakthgdiovarlbonsd nathe &id| uent, and
I's achi eved by adiusting LR byds ogenati gp Sﬁgﬁhtﬂ% £3UC B85 PALL 2l

20pressure ratio of hydrogen to olefins int ydrogenation reactor. Wen
feedi ng a C4 port ilon rertfieédst oekydledaasr dekeent o itdepcefekeed(tihmt the ¢4

portion or feedst ol ics substanticldonbublyahydrogenated. ;b yet another
embodi ment, shown 1n Figure 2, 25hydrogenation is carried out in two steps.
A first optionally after treatment or purification as needed,

e.g. to remove catalyst fines. Vapour components after

20 quench are typically sent to a compression section,
subjected to a caustic wash treatment, dried, and sent to
a separation system including a cold section, so as to
obtain separate streams of main components. Figure 1
shows hydrogen stream 32, light ends stream 34 typically

25 including methane and/or CO, ethane stream 36, ethylene
stream 38, propane stream 40, propylene stream 42, a C4
stream 44, a C5+ stream 48, and a water effluent 50.
There can also be a separate outlet for heavy (liquid)
hydrocarbons (not shown). The C4 stream is a concentrated

30 C4 stream. It will be understood that separation can be
conducted differently, such that certain streams are
combined, or further separation can be carried out, such

as on the C5+ fraction or the C4 stream. For example, a



sel ective hydrogenation step in a first zone 54a is used to hydrogenate

but adi ene to butene, and part of the butene-enriched effluent 56a is
recycl ed we 200/652958 via |ine 58 to the OTO conversi on uRCI/EP2010l0e699E NI nder
is 30 subjected to severe hydrogenation in second zone 54b, and a

but ane-rich streamis obtained in |line-56b-and at |east partially recycled
via line 60 to the steamcracker 5. A bleed stream or product stream 56c¢
can also be withdrawn, - 16 - and can for exanple be sent to an LPG pool.

It shall be cleafcdtatatich desadeshe blreedmoropr @dictprsiviicanssgan & so be
wi thdrawn if desired fromlines 44 or 56a (not shown). Operating the steam

cracker in an ?%f@ﬂ?ﬁ?@&GSEFEE%?%ﬁHDT@h§§§t@h%%ﬁsI?ﬂNP§8§§F?ty has a number

of advant ages, psure ofe WBpbehahawe, ald eady1beeposli scussedrabavecs At | ow
severity, the selectivity to ethylene is higher, and | ess by- products are

formed. This i St CaBIréirh braeren GORBAVERES t i ValitabPeaBthane ®

10f eedst ock tOcéﬁB@d@M@setEME§n§tré¥Mﬁdyiﬂ advant age ity thabetheed ol
selectivity to C2- | ower ol efins increases with decrea3|ng severity, and
u

t hat fornatloncﬁ?‘Hyﬁ@d@uét§e¥?%%lﬁ%ﬁ%@ﬁéréﬁﬂo@ﬂﬁfd%@@éagég then butyl enes
can be recycl edompdhParst beukahcdiddhe OTO step, the net 1l5conversion to
et hyl ene and propylene is nmaxi m sed. In a stand-al one ethane cracker, a
di sadvant age of opér &tilAgPat UIvETESey e PREYERES tivatdiskEsaed| fRht contains a

relatively |arge gmount, ek2ebhanesdat, needsctocke sepavayednand recycled
to the cracker, |ncrea5|ngfthe 20f uel and capital requirenment per ton of

et hyl eh@. In a(ﬁorﬂ‘f’ﬁ]%sg-toélt edLsysten Gt Peespieraekert ad1OFO ebnmveY ifon

reactor, however,th s ¢an at %@ﬁﬁ&aQ&kBkﬁlﬁg commansglednbypdact that OTO
conversion effluents have typically a higher concentration of ethyl ene and

a | ower 25conceafis iCORPEPsat ranec gt eér aekereeffqrueAvenThe Eotrbi ned
effluent therefpre as a.hi ghgr: ethylenel e&ﬁéﬂ@m@j al.hathf phandhe

cracker effluent. There can be particul ar advantages when a st eam
cracker plant $serevarpedsbyoabth g eat ERCheonves siaon L30sysTep dower i ng

the seyerity 0{; n LR SLERM ar aEkEle ARerALLoD: CAN GIeale b§9”?tr£’§”HJt°r Oro

conversion effluent to be conbi ned mnth the cracker effluent for work- up in
t he existing workuigedséet iivalede ttherdmaarefragd7ionaicacker, haerein it is

known that the, S5sl ‘EQOB”Q.T%@ﬁgS%% LoD ?ﬁ%&e;«]&{ & LR . Mpst gj?soi tal

i ntensi ve and therefore typically nost Timt ements. Anot
di sadvant age ofhopersat iwhgnaassaht-alcond ysét hlahecaraddier faed| onefekseverity

is that the ENELOMe cracking section.

20 It can be advantageous to recycle at least part of
various streams to either the cracking system 5 and/or
the OTO conversion system 8. Ethane from line 36 is
preferably recycled as feedstock to the cracker 5 (to
line 10), and the ethane comprises ethane cracker feed

25 that was unconverted, as well as ethane contained in the
OTO conversion effluent. Optionally also some or all
propane from line 40 is recycled to the cracker. In this
way additional ethylene and propylene is obtained. It can
also be desired to recycle part of light ends, an

30 olefinic C4/C4= stream and/or a C5/C6 component to an OTO
conversion system.

Typically, both the steam cracker effluent and the

OTO conversion system effluent will contain C4 species,



consunption for firing of the furnace per unit of ethylene product

i ncreases, due to the larger recycle of unconverted ethane. In an

i nt egr at 8O BHESM78however, that creates room for benef PCIAIP2@0O569Y1
integration. In 10one enbodi nent, superheated steam needed for addition to
the OTO conversion system (line 19) can b generated in the convection
section of the cracking furnace. In this case no separate fired heater for
OTO steam generation or superheating is required. Ethane furnaces are
typically 15 pi oddeduwathitubesbanks seiutheegawegldcanssechéon for
generating superheated high-pressure steam such as at 110 bar, by

super heat i ng h?@%ﬂﬁ?é§§éﬁée§€é%h%béﬁ@?ﬁ?&&yoﬁ?%W%ﬁPtmﬂ§efBPE%€be?% t he

transfer |ine exghangercaOTE cCOMVRISItONBsYSt enB1daiscakby cheqyire | ow
pressure steam 20(less than 5 bar), therefore a | ow pressure tube bank
woul d sui t abl yeH&-3 A PAICFBE! | AP He RGNVl Bh R¥R1%n to produce steamat a
tenperagure and priesgibe1asnsRIUHLGpicAchhen I Q onvessi-eAnsystem This
option is shown in Figure 3, where a |ow tenperature/l ow pressure steamis
25fed via |inePB4'd dBank 861YSPIHAT S el as® heddedat H PRie 19 is

produced. Yet anddrdheis adyantage (froper ahkngs the Steamcragker at | ow
severity is obtained in case a feedstock, in particular butane, is

co-fed with etfaMenes 36EhESBEeam Adcker CaTheCButtdife S¢afaBe & r&cl e

stream but camii RHACLALEcASsWRlINCORR £ oM EXIennNal SO Liq.The
product distribution from butane cracking changes beneficially at | ower

severity. Genetald preferrgd- enlgodingslty, RrbAAAERaL Buttdhe érack3OWasi er t han

ethane under the sane cragkings cONdistisonse Lofyi U aNE +6RNVEFSIPM S
general |y higher than ethane conversion. The cracking products from butane

are nore diver&e tfamrditaéki hge Spricarctld of eyderrenatereristverity i nproves

| ower ol efins yield fjombubane cracking. ip,particulan the conbined
et hyl ene+propyl ene+butyl ene yield is increased and byproduct formation such

as net hane andhzﬁﬁoqaﬁaﬁéér@és@@ﬁdﬂ?ﬂQ£ hasobhelzeitlii drak éénef@Q of
redu0|p?yheavyh&ggy ocanbgn ié%ﬁ}'ﬁéf%ﬁ%l%Q”@r %}ﬁi%% guepchyunit, which

t ypi cal limts Intake int absence of a primary fractionator. This
is a particul agraeieantiageénwiesc but yAdedd ngnes r exly cleed tt @arhec O < onver si on

system for conyersgi fO&a%rfc%%Ef;h&g&Me%@%eénéhp SRy 2% é!h%&(c@&f“a”t ages

are nost pronounce | SO- I'so- but ane has a tendency to crack into
propyl ene and faundesioredkinegt hiaseen At (eower cgelvErdd yithhilsner B¢ kimng

reaction occur el atively. |l rel ati I~S0- e is
formed. whi oh Sh Ba Brocbts i T it ase o anCore 20y ket o ot ep.
These advant agesstcan Cal(tgadyabey réal ilsed LT, t helgewem op obmbimehe cracking

I's such that b#{agﬁi %”‘i%ré'w? ' Sstg%mwl?%grl%]eﬁé ol RRLLE GY! L 97 Wt % or
| ess, nore in parti cul ar 9 V\It(ao or ﬁess. uc UJ?Z ane
oxygenate conversion zone). Respective options for
recycle streams are indicated by dashed lines 57a and
57b. When recycling to the OTO conversion system 8, the
25 recycle stream can be a co-feed to the OTO reaction zone,
in an OTO reactor. It can also be a feed to a catalytic
olefin cracking zone downstream from the oxygenate-to-
olefins reaction zone. Suitable catalysts and conditions
are described in US6809227 and US2004/0102667. Catalysts
30 include those comprising zeolitic molecular sieves such
as MFI-type, e.g. ZSM-5, or MEL-type, e.g. ZSM-11, as

well as Boralite-D and silicalite 2.



25cracki ng severities can be obtained concurrently with applying | ow et hane
severity as discussed above. Even nore pronounced advantages can be

obt ai ned WO 2bovsrBane conversi ons of 90 wt % or | ess, 7PBCRER@O/0b@3E, 60
wt% or less, in particular 50 wt% or | ess. Severity of butane 30cracking is
suitably defined by the conversion of butéane feedstock in a single pass

t hrough the cracking zone. Such | ow conversion of butane is difficult
torealize in a co-feeding situation with ethylene to a cracking - 19 -
furnace, since ethy ene panvessiOn oMdokiikenspbsianidrabhy 4h ovsfipr st hat the
advant ages from | ow severity operati on do not outweigh the additional

effort for ethand FedyCrhg dher'ef oife AL RIET pat1 i 'CUPAr “eABOTT ment, a

Sdedi cat ed cr agki g it Af gF geper@tdguahch ow butaneGkaeki pogrseverity is
arranged, which can be operated at a desired butane conversion, e.g. at
90wt % or | ower S Rfi% Alis $885hbove. " Efh&TePPFht ¢ ridmGc R A fBw Severi ty

but ane erackerpganidn 2 partiegst ar. erbadi pept be Jfodit0dbrest| yeddito the
OTO conversion unit. Figure 4 shows a particular way of inplenmenting this.

o 9 . LI way
The enbodi ment! i gdr é-418#8b 7 MEUdEE+EwS hydt &t i8R ¢ohes' B4a and

54b like the ephodismentcah khodhf2 sAt sheastinpaitiofaiihesgtfl sengo 56b from
t he second hydrogenation zone 54b is 15m xed via line 72 with steamin |ine

74 before thatWst edmiios esupérheatafias dtpehhedt g sCurhaéBer8sto t he

desired tenperat wre fon keedipg tawands (t,he.OIQ canversi-garsystem The
super heating furnace thus can act as steam cracker for the butane-rich

ef flueh?. It cant3Eane REAR0RATXt IR EEAPFI ST A StlearhrfaRdrblitah® to e. g. 650

C or higher, igfpartorlsate /00y G ore i gher, hsuehyasih4ReCohipl cexanpl e.
Dependent on the residence tinme in the furnace, the conversion of butanes

may for exanpl 8Lisan Fucheaf ahgel Bfing GimPT0270Wea414n¢e patrpeular- 20- 60 w %

I'f 25such operationd $cdeshr 8y {58 Br €L gRI £0-40 '&T%%ngit??p@f ate
super heating furnace as shown In Figure 4, instead of a superheater

integrated in Pheadiomeecti 6HPsectddrt ot het sTedmdroackeripar nace as
di scussed wit hcér‘?&'etri%%%eikoh%%e‘%a%ioﬁ%ﬁ@@ cracking S LLKELY 40
h alty wll d to be

30produce sone coke that typic nee renoved periodically,
whi ch i s nore Bydfdgan endnaahedmastdtéenbankat el ite gocsvand- al one furnace.

Lot am bet oy SR Lol BT NN Bk p0e gl dedabeks (rom L ne et
steam i.e. aftetraigertheat Phghtieere g.cofbeitdrithitdleec? shrpanti cul ar
and/or hydrogenation products from butadiene) to butane.
20 Suitable processes for such selective hydrogenation (also
referred to as partial, mild or semi-hydrogenation) are
known in the art, and reference is made by way of example
to Derrien, M.L. “Selective hydrogenation applied to the
refining of petrochemical raw materials produced by steam
25 cracking” (1986) Stud. Surf. Sci. Catal., 27, pp. 613-
666, to WO 95/15934, or to US4695560. Typically at least
90 wt% of butadiene is converted to butene, and less than
10 wt%, preferably less than 5 wt%, of the butene, based
on butene in the feed to the selective hydrogenation, is
30 converted to butane.
The effluent from selective hydrogenation is a C4
feedstock comprising butene, and butene is a desirable

co-feed in oxygenate-to-olefins reactions, in particular



5700 C or higher, such as 740 C or higher, which tenperatures will also
provide mld cracking conditions for the butane. This may |imt residence
time, cokwolaun/dmwm due to hot spots in the radi ant secPCOEPRI10I®IT ur nace,
and may | ower the conversion of butanes to 30w % 10or |ess, such as to
15-30 % It also cools the dilution st¥am sonmewhat due to the endothermc
nature of C4 cracking. For this operation, a separate superheating furnace
as shown in Figure 4 or a superheating in the steam cracking furnace
convection secth oimecanrberusesds dbSThe o atbeesopid amiics dephetegsd n Figure
5. Typically the butane-rich streamw ||l be nmuch smaller than the steam so
that butane” wi FPe &y 28i FULBH T tHE St BAnfeIUdE 4§ VBliFane®st eam < 1: 10
ww. A recycliagdfsizaneorhehnd.eed tiagt BRaHO conver sihop1stepivia a mld
hydr ocracki ng step 20(such as in conbination with superheating steam as

di scussed) is BRAEIILPAO/9E FROMY s T75Fe Le4c8at reste$er é5cFackefd han are
formed §n the GO copversi.on system per pass, since in this case build-up
of C4 saturates is prevented. 25Propane can al so be recycled for additional
yield of |ower ol éfi ASCLBet he"ReHEK g 26R8AN| H FAPEGlAF when butane is
recycled as welhsadyrdRe teegdpd@idhead awpparadd ity elaekisagesystem the
propane can for exanple be present in an anmount of 1-50 wt% Butane is
preferably 30pPesettciatign appdmti B 19 Weos or 41 9% thsr eFepanty A0 wt % or

| ess, based omj@talerhy@rogarPonsydinttibe teediysince othherw.sendd Jmy be
required to provide a primary fractionator for separating heavy cracking
product8. - 2qell as any pstpdssidlaEs 6Uhse2at trbekifvg l8ystemin an

i ntegrated progess,JMnicd, PLs aki tor Ak bk acking { unnaces  sWost 8ifkat | east
two furnaces are operated at different severities. The cracking system can
include a firsin5Sfurnade £ofhad ridltattiovelghl pgheer Jadedst 6eRYpbedian and a
second furnacesfoisa fiehat Lyel y: heavierbeedstock oy tihan, sthesfig st and
second furnaces be at selected different severities adapted to the type of
feed. It is fopbleadanpidelipdssibl @t cassipgn/ df fPesrentenfeeds to vari ous

10fur nages of &SIMEAMAGTACKLNG BB SUER BS AiherWOROr cOT € dedi cat ed
furnaces for ethane, propane, butane,” and/or particular mxtures. This
al |l ows sel ectipgp@fornt 9g fdegeri cyntiandisviedual i orordieffrgpenenpafts of the

| ow-paraffin feedsiock..The, dedi gated butans. Tunace oy thexampl e coul d be
operated at a butane conversion of 90w % or fomerf such as 50wt % all of

whi ch woul d behyowerardever ini else tdfadnveng., thé sevathiiteyedf ban et hane furnace
runni ng at 60 9 . o] ion. Als f urnac oper at e
at | ower sever¥$§ﬁ$%£ﬁp?ﬁga9¥%%é%%ggéékngoggggggﬁgﬁnﬁ#tngﬁﬁgﬁgépsuch as at
90 wt % pr opanercorrverssirenior of esgl e nedoaptloygous the et hane conversi on),
at 85w % or | egs,, oAl 180 YL, | 638n B0 4874 1 IfAGteage, sel ectivity to

et hyl ene.
feedstock to a cracker, it is preferred that the C4

portion or feedstock is substantially fully hydrogenated.
In yet another embodiment, shown in Figure 2,

25 hydrogenation is carried out in two steps. A first
selective hydrogenation step in a first zone 54a is used
to hydrogenate butadiene to butene, and part of the
butene-enriched effluent 56a is recycled as co-feed via
line 58 to the OTO conversion unit 8. The remainder is

30 subjected to severe hydrogenation in second zone 54b, and
a butane-rich stream is obtained in line 56b and at least
partially recycled via line 60 to the steam cracker 5. A

bleed stream or product stream 56c¢ can also be withdrawn,



An additional benefit of the present invention is 25that the production of
hydr ogen i ncreases. Hydrogen produced in an integrated cracker and an OTO
conver si oNO2yHsM78an be used for sel ective and/ or full PayPogenetvdn, but
al so in the synthesis of oxygenates such as methanol or dinethylether.
30Exanpl es Cal cul ati ons were done using a Spyro based nodel for
nodel I i ng of cracker operation conbined with a - 22 - proprietary nodel
for nodelling the OTO conversion. The key input to the nodels was as

fol l ows: Crackimg:carStreamekomgihane deatl @oi snOLES pdH. WSCseeil s used 5
for the Spyro cal culations. Calculated at a coil outlet pressure of 1.77
bar absol ute, at®®5%Ehane @dhvtsiUireanar abF &dideridd SEMecol B4

seconds. OTO ceaversicedwn MeOkt 5042 tidni sified 10 d:hesQTOnpeast®in)t.oget her
10with 1384 t/d of recycled and superheated steam and recycle of C4

conponents, in th&EEEAPAPEt Fie YEE CaSEXHF t Hour" craEREATRAL egrat i on

(exanpl e 1) 17d8addihproesyst & L4 198 eaner The wdel nwasecabi brated on
smal | - scal e experinments conducted to determ ne product 15distributions for

si ngl e- pass OTONEHHASESI 0AS™Me TherEiirl ARVecdhp tesrhadts@erected to the

OTO reactor hays.-Reencevaposated and thl%atsgﬁieétlﬁhlttw%fo theytenperature in
the reactor is controlled between 550 - 600 C. The pressure in the reactor

is 2 bar absol @& CrFherAréceat’ay YOGS t20fF & 8P s + AhdRelfeacti on medi um

under the condiid gndiRat nt Beqyei ghtc iUty - 8page VBI1eCIENaLWHSY) is 4-10
1-1-1, whereby WHSV is defined as the total weight of the feed fl ow over

the cat@l yst wePHYhtt@ér tRolirximHe FEINleREngreataty sIAvinasadseds Evitpositi on
and preparati ofe 32,/ %:254M 23 SAR 46, c8 W8 LM i9AR:1 28005 365 Wt %

kaolin, 24 wt% silica sol, and, after calcination of the ammoni um f or m of
the spray dri e‘dlfﬁarqeicéleéslm%sW%lpimlaémﬁn’éh@’élu%@ﬂﬂ%yOHBP@anpr egnati on.

The catal yst wgs,agalan 168LChoetal 220G, Ibesieam andnChutpeyale streams
are excl uded from 30the product conposition table
can be recycled, in particular to the OTO step, the net

15 conversion to ethylene and propylene is maximised. In a
stand-alone ethane cracker, a disadvantage of operating
at lower severity is that the effluent contains a
relatively large amount of ethane that needs to be
separated and recycled to the cracker, increasing the

20 fuel and capital requirement per ton o0of ethylene. In an
integrated system of steam cracker and OTO conversion
reactor, however, this can at least partly be compensated
by fact that OTO conversion effluents have typically a
higher concentration of ethylene and a lower

25 concentration of ethane than cracker effluent. The
combined effluent therefore has a higher ethylene/ethane
molar ratio than the cracker effluent.

There can be particular advantages when a steam

cracker plant is revamped by adding an OTO conversion

30 system. Lowering the severity of the steam cracker
operation can creates some room for OTO conversion
effluent to be combined with the cracker effluent for

work-up in the existing work-up section of the ethane



Exanmple 1 In this exanple the effect of operating an ethane cracker at

| oner severity is shown. Selectivity of - 23 - cracking to various
product s WO 2a119i5ngBe pass t hrough the cracking zone i s $ODEP2010/03@D] e 1.
Al'l selectivity data represent the wei ght percentage of the respective
conponent in the cracking products, based/on total 5products not counting
unconverted ethane. Cearly, the selectivity to ethylene, propylene, and
butyl ene increases with decreasing severity, wherein butyl enes can be

further convertegia etfylenge and pPnepyhentat Ntascynghareceivhtind he present
i nvention. An ethane 10conversion of 65w %is known fromthe article
"Integration of°theUEPLRYBRE MO ProCed8 s ntdP Ethy Iené 5 4Rt 3”9 by C. N. Eng

et al., referengadaheveypTabl ey kot hanetCogversian(m % 40.0 50.0 55.0
70.0 Ethylene Selectivity 85.9 83.7 82.4

Another” disadvantage of operating a stand-alone
5 ethane cracker at lower severity is that the energy
consumption for firing of the furnace per unit of
ethylene product increases, due to the larger recycle of
unconverted ethane. In an integrated system, however,
that creates room for beneficial energy integration. In
10 one embodiment, superheated steam needed for addition to
the OTO conversion system (line 19) can be generated in
the convection section of the cracking furnace. In this
case no separate fired heater for OTO steam generation or
superheating is required. Ethane furnaces are typically
15 provided with tube banks in the convection section for
generating superheated high-pressure steam, such as at
110 bar, by superheating high pressure steam generated
outside the furnace in the transfer line exchanger. OTO
conversion systems typically require low pressure steam
20 (less than 5 bar), therefore a low-pressure tube bank
would suitably be installed in the convection section to
produce steam at a temperature and pressure as required
in the OTO conversion system. This option is shown in
Figure 3, where a low temperature/low pressure steam 1is
25 fed via line 64 to bank 66, so that steam as needed at
line 19 is produced.

Yet a further advantage of operating the steam
cracker at low severity is obtained in case a C4
feedstock, in particular butane, is co-fed with ethane to

30 the steam cracker. The butane can be a recycle stream,
but can in principle as well come from an external
source. The product distribution from butane cracking

changes beneficially at lower severity. Generally, it is



77.8 Hydrogen Selectivity 6.4 6.4 6.4 6.3 Methane Selectivity 3.0 3.9 4.4
7.6 Propylene Selectivity 1.0 1.3 1.4 1.6 Butylene Selectivity 1.5 1.9 2.2
2.9 C2=+086-20u#585Bectivity 88.4 PCT/EP2010/066991

— 18 —

well known that butane cracks easier than ethane under
the same cracking conditions, i.e. butane conversion is
generally higher than ethane conversion. The cracking
products from butane are more diverse than cracking
5 products of ethane. Lower severity improves lower olefins

yvield from butane cracking, in particular the combined
ethylene+propylene+butylene yield is increased and by-
product formation such as methane and C5+ is decreased.
This has the additional benefit of reducing heavy

10 hydrocarbon load in the sump of the quench unit, which
typically limits C4 intake in the absence of a primary
fractionator. This is a particular advantage when
butylenes are recycled to the OTO conversion system for
conversion to further ethylene and propylene. These

15 advantages are most pronounced for iso-butane. Iso-butane
has a tendency to crack into propylene and (undesired)
methane. At lower severity, this cracking reaction occurs
relatively less, and relatively more iso-butylene is
formed, which can be processed with advantage in an OTO

20 reaction step.

These advantages can already be realised if the
severity of butane cracking is such that butane
conversion is 98 wt% or less, in particular 97 wt% or
less, more in particular 95 wt% or less. Such butane

25 cracking severities can be obtained concurrently with
applying low ethane severity as discussed above. Even
more pronounced advantages can be obtained at low butane
conversions of 90 wt% or less, 75 wt% or less, 60 wt$% or
less, in particular 50 wt% or less. Severity of butane

30 cracking is suitably defined by the conversion of butane
feedstock in a single pass through the cracking zone.

Such low conversion of butane is difficult to realize

in a co-feeding situation with ethylene to a cracking



86.9 86.0 82.3 C5+ nmake per ton olefin 0.82 1.59 2.07 4.18 15Exanple 2

In this exanple the effect of operating the ethane cracker at | ow severity
on the cowmoerslism78f co-fed - 24 - butane is shown. SelP€TEPRIIP6EID1
cracki ng of co-fed butane (50% n-butane and 50% i so-butane) in a single
pass through the cracking zone to various® products is shown in Table 2. Al
selectivity data represent the wei ght 5percentage of the respective
conponent in the cracking products, based on total products not counting

unconverted but@neicd,! scancbetisgrihd hathvat sk omeri sevrr isbystereidot,al C2- G4
| ower ol efins are produced from butane, and | ess by-products net hane, C5+
are formed. 107TdBi%e ZOEtHahet CorrEIEITGHSCWE 99™ 5000 600 165, BP B e

Conversion (W& 9% Dutweigh the additional effort for ethane

recycling. Therefore, in a particular embodiment, a

5 dedicated cracking unit for operating at low butane
cracking severity is arranged, which can be operated at a
desired butane conversion, e.g. at 90wt% or lower as
discussed above. The effluent from such a low severity
butane cracker can in a particular embodiment be fed

10 directly into the OTO conversion unit. Figure 4 shows a
particular way of implementing this. The embodiment in
Figure 4 also includes two hydrogenation zones 54a and
54b like the embodiment of Figure 2. At least part of the
effluent 56b from the second hydrogenation zone 54b is

15 mixed via line 72 with steam in line 74 before that steam
is superheated in superheating furnace 78 to the desired
temperature for feeding towards the OTO conversion
system. The superheating furnace thus can act as steam
cracker for the butane-rich effluent. It can heat the

20 mixture comprising steam and butane to e.g. 650 °C or
higher, in particular 700 "C or higher, such as 740 °C
for example. Dependent on the residence time in the
furnace, the conversion of butanes may for example be in
the range of from 10-70wt%, in particular 20-60 wt%. If

25 such operation is desired, it is preferred to use a
separate superheating furnace as shown in Figure 4,
instead of a superheater integrated in the convection
section of the steam cracker furnace as discussed with
reference to Figure 3. Butane cracking is likely to

30 produce some coke that typically will need to be removed
periodically, which is more difficult in a convection

bank than in a stand-alone furnace.



97.8 98.9 Ethylene Selectivity 36.4% 38. 0% 38. 4% Met hane Sel ectivity 6.5%
7.3% 7. 7% Propyl ene Selectivity 14.2% 10. 2% 8. 3% Butyl ene Sel ectivity 7.4%
5. 7% 5. 0% Q26MAB97€A= Sel ectivity 58. 0% 54. 0% 51. 8% C5+PEakP2@e/06¢99Nn ol ef i n

- 20 -

Alternatively to mixing the butane-rich feedstock
from line 56b to steam before superheating, it can also
be mixed with the superheated steam, i.e. after
superheating to e.g. 650 "C or higher, in particular

5 700 "C or higher, such as 740 "C or higher, which
temperatures will also provide mild cracking conditions
for the butane. This may limit residence time, coke lay
down due to hot spots in the radiant section of the
furnace, and may lower the conversion of butanes to 30wt%

10 or less, such as to 15-30 wt%. It also cools the dilution
steam somewhat due to the endothermic nature of C4
cracking. For this operation, a separate superheating
furnace as shown in Figure 4 or a superheating in the
steam cracking furnace convection section can be used.

15 The latter option is depicted in Figure 5. Typically the
butane-rich stream will be much smaller than the steam,
so that butane will be very diluted in the steam, such as
butane:steam < 1:10 w/w. A recycling of butane-rich feed
to the OTO conversion step via a mild hydrocracking step

20 (such as in combination with superheating steam as
discussed) is beneficial as long as more C4 saturates are
cracked than are formed in the OTO conversion system per
pass, since in this case build-up of C4 saturates 1is
prevented.

25 Propane can also be recycled for additional yield of
lower olefins to the cracking zone, in particular when
butane is recycled as well. In the feed to the low
paraffin cracking system, the propane can for example be
present in an amount of 1-50 wt%. Butane is preferably

30 present in an amount of 15 wt% or less, preferably 10 wt%
or less, based on total hydrocarbons in the feed, since
otherwise it may be required to provide a primary

fractionator for separating heavy cracking products.



5.42%6.77% 7. 38% Exanple 3 In this exanple the product distribution
of cracking n-butane and iso-butane under | ow severity conditions is
15shown. Wel2etdsv978y of cracki ng of n-butane and iso- boCamPwOsEectively
at 50w % and 90 wt % conversion in a single pass through the cracking zone
to various products - 25 - is shown in Jable 3. Al selectivity data
represent the wei ght percentage of the respective conponent in the cracking
products, based on total products not counting unconverted butane. 5The

data show that thertselsegbkyibye i etdhyheneacpiopyderen andabutyl ene
increases with decrea5|ng severity, wherein_ butyl enes can be further
converted to ethyiEifeEn rBF%b@I%ﬁﬁ?|anp&866}HE¥Kﬁ§\ﬁﬁﬂ?k€H8 preRasts,

i nvention. Nbrﬁ%é%ﬂLnla%OlBQE@n@m§ahﬁﬁkb%btMréObﬁéﬂaﬂé@n@tlahﬂﬁéﬁﬁﬁﬁs
significantly, which is valuable recycle feedstock to the OTO conversion

system Met hang® 6T ¥HéSot RBE R iy SVgRPR cant13F eGuéedir#50- but ane

cracking, whi chuatadd gher scoaver sions 1ppadducescd@as@f pbheiyal mable | ower
ol efins, produces at 50% sel ectivity nore ethylene 15propyl ene and

butylenes (C2=Se¢B¥ TEABRCEhERT rfb- %ﬁk@&ﬁ@elﬁhﬁ%?V%%f dfepartreul ar advant age
on the integrated Jocess. r1abt a1 J@nbUkaRLafsdUiane Butane-Lonversion

50. 0% 95. 0%
different severities adapted to the type of feed. It is
for example possible to assign different feeds to various

10 furnaces of a stream cracking system, such as one, two or
more dedicated furnaces for ethane, propane, butane,
and/or particular mixtures. This allows selecting of the
severity individually for different parts of the low-
paraffin feedstock. The dedicated butane furnace for

15 example could be operated at a butane conversion of 90wt$
or lower, such as 50wt%, all of which would be lower
severities than e.g. the severity of an ethane furnace
running at 60 wt% ethane conversion. Also a propane
furnace could operate at lower severity than in a co-

20 feeding situation with ethane, such as at 90 wt% propane
conversion or less (defined analogous to ethane
conversion), at 85wt% or less, or at 80 wt% or less, in
order to increase selectivity to ethylene.

An additional benefit of the present invention is

25 that the production of hydrogen increases. Hydrogen
produced in an integrated cracker and an OTO conversion
system can be used for selective and/or full
hydrogenation, but also in the synthesis of oxygenates
such as methanol or dimethylether.

30 Examples

Calculations were done using a Spyro based model for

modelling of cracker operation combined with a



50. 0% 95. 0% Et hyl ene Sel ectivity 4.8% 14. 0% 31. 1% 42. 6% Hydr ogen

Selectivity 1.4%1.3%0.8% 1. 2% Met hane Sel ectivity 17.6% 25. 6% 18. 8% 21. 7%
Propyl enew@ebHutsrarBty 32. 1% 21. 6% 37. 0% 16. 0% But yl ene S8€TraPRII0662987. 4%
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proprietary model for modelling the OTO conversion. The
key input to the models was as follows:

Cracking:

Steam to ethane ratio is 0.35 wt%. USC coil is used
for the Spyro calculations. Calculated at a coil outlet
pressure of 1.77 bar absolute, at 65% ethane conversion
and a residence time of 0.24 seconds.

OTO conversion:

MeOH 5012 t/d is fed to the OTO reactor together
with 1384 t/d of recycled and superheated steam and
recycle of C4 components, in the comparative base case
without cracker integration (example 1) 1775 t/d of
recycled C4 stream. The model was calibrated on small-
scale experiments conducted to determine product
distributions for single-pass OTO conversions. Therein,
all components that were fed to the OTO reactor have been
evaporated and heated such that the temperature in the
reactor is controlled between 550 - 600 °C. The pressure
in the reactor is 2 bar absolute. The OTO catalyst is
fluidized in the reaction medium under the condition that
the weight hourly space velocity (WHSV) is 4-10 h7,
whereby WHSV is defined as the total weight of the feed
flow over the catalyst weight per hour. The following
catalyst was used: Composition and preparation: 32 wt%
ZSM-23 SAR 46, 8 wt% ZSM-5 SAR 280, 36 wt% kaolin, 24 wt%
silica sol, and, after calcination of the ammonium form
of the spray dried particle, 1.5 wt% P was introduced by
HsPO, impregnation. The catalyst was again calcined at
550 C. The steam and C4 recycle streams are excluded from
the product composition tables.

Example 1

In this example the effect of operating an ethane

cracker at lower severity i1s shown. Selectivity of



17. 7% 4. 8% 5. 8% C2=+C3=+C4= Sel ectivity 74.3%53.2% 72.9% 64.5% - 26 -
Exanpl es 4-9 In these Exanpl es, several options of inplenenting the
present iwWOent/wBm7are conpared with conparative exanpl epCTHP20means90f nodel
cal cul ati ons. 5Tabl es 4A and 4B sunmari zes the net product distribution of
st and- al one cracker systens, OIO conversidn systenms, as well as various

i ntegrated cracker-0OTO systens froma feed of 5012 t/d nethanol to an OTO
conversion system and/or 2755 t/d ethane to a 10steam cracker. In the
exanpl es mar kegr#skialy ebhanei coNUIEieR s0fn65% was Useds( epppagiatine) . In

t he exanpl es marked "B", and ethane conversion of 60wt % was used. The
yields are cal CTAATEW GRS wei GH"'basi $384t he Atlel 6L TAVhGY efE-and

propyl ene basedeie 2 iRt Beideederkebxafgpl 6f 4cne rdspethiseexanpl e the net
product distribution of an OTO conversion unit with a net feed intake of

5012 t/d met hafidIP AR fwilh TR fit €F a1 Oy EPECBT CF 5ot B8  co-feed to the

oxygenate CONVEF&d @t Z@Re ksushovn.unthevedt2lrecysle shkaam,] stdsg 75 t/d.
The C4 net product shown in Table 4A,Bis the C4 purge streamthat is

wi t hdrawn as aﬁejcﬁﬁq1éftltﬁ/oFob%’E%Yﬂeeri§r'o@68@éil%‘?ckﬁ%lﬂu&yéﬁl‘i%rW| se build up

in the process;,Jhedat 0+ af cbutans/hutene i sy 3heEXanphey bbAeB)cR5!I n this

exanpl e the net product distribution of
be further converted to ethylene and propylene in

accordance with the present invention. An ethane

10 conversion of 65wt% 1s known from the article
“Integration of the UOP/HYDRO MTO Process into Ethylene
plants” by C.N. Eng et al., referenced above.
Table 1

Ethane Conversion (wt%)

40.0 50.0 55.0 70.0

Ethylene
Selectivity 85.9 83.7 82.4 77.8

Hydrogen
Selectivity 6.4 6.4 6.4 6.3

Methane

Selectivity 3.0 3.9 4.4 7.6

Propylene
Selectivity 1.0 1.3 1.4 1.6

Butylene
Selectivity |[1.5 1.9 2.2 2.9

C2=+C3=+C4=
Selectivity 88.4 86.9 86.0 82.3

Cb5+ make per

ton olefin 0.82 1.59 2.07 4,18

15 Example 2
In this example the effect of operating the ethane

cracker at low severity on the conversion of co-fed



cracking 2755 t/d ethane is shown. Unconverted ethane is recycled. The
negative water nake reflects the nake up for losses in the circul ation of
st eam DuOR011/a5397Bow anount, propene from a cracker camCofEPeoL0f06699be 30
econom cally be recovered and is wasted, in which case the yield should
rather be cal culated on ethylene only basis-to 85.1 % Exanple 6(A B) - 27
- In this exanple an OTO conversion system and a steam cracki ng system are
operated together, each as in Exanples 1 and 2, and only integrated

regardi ng the reeydd asoknelhanee praduced bR theciGHY srstenrt® bilearker acker.
This can be achi eved by separate product work-up sections, or if a commmon
wor k- up secti oh?9% ULEF P Red Bt 2T @ TP TaRETt att € PéPSFePfe8ycling C4 to

the OTO convershudgy $themer EXaimy €.0HALB) vl vud horxarphe ageat dimg to
the invention, butadiene_ is selectively hydrogenated (either as part of a

m xed C4 streah®dr® aft érlexftactiohy, Ior6vi 8P neS Uit ioM&r 9Bt ene that is
bei ng recycl edyd.0-die LOTOrCORY eF SIS Yst 8Bhpdid s iincreasesathenyi el d of

val uabl e et hyl ene and propyl ene, 15whereas t%ere is normally no econonic
outlet to hi ghefodififife PPOEHCTS TUPIsBERYECE @I AT VAW Y8 quantity of

but adi ene. Theypusge stheamt 8fe butenaand butang dis kepbuthessaei s the
sum of but ane+but ene streans of exanples 4 and 5. 20Exanple 8 (A B)

Bui | di ng on ex&fft €072t hé-Fénb?Wing Sieantof BitaerodtefieP?'s2Mot pur ged
but fully hydrogenatedgnd, recycd et dRnkhecsragki ng, syst.em which is
operated at a conversion of butane of 95% such as discussed with

25ref eteénce tolFr¥ure 2. The yield of ethylene and propyl ene increases wth

respect to exgipi S & caid tscomparabt eto that of exanmpte 5, With a
slightly different distribution|of ethyllene and propylene. - 28 - Table 4A
Exanpl e: (Wt%) 50.0 60.0 65.0

Butane Conversion |93.9 97.8 98.9

(WE%)

Ethylene 36.4% 38.0% 38.4%

Selectivity

Methane 6.5% 7.3% 7.7%

Selectivity

Propylene 14.2% 10.2% 8.3%

Selectivity

Butylene 7.4% 5.7% 5.0%

Selectivity

C2=+C3=+C4= 58.0% 54.0% 51.8%

Selectivity

C5+ make per ton 5.42% 6.77% 7.38%

olefin

Example 3

In this example the product distribution of cracking
n-butane and iso-butane under low severity conditions is

15 shown. Selectivity of cracking of n-butane and iso-
butane, respectively at 50wt% and 90 wt% conversion in a

single pass through the cracking zone to various products
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is shown in Table 3. All selectivity data represent the
weight percentage of the respective component in the
cracking products, based on total products not counting
unconverted butane.

The data show that the selectivity to ethylene,
propylene, and butylene increases with decreasing
severity, wherein butylenes can be further converted to
ethylene and propylene in accordance with the present
invention. Moreover, iso-butane selectivity to butylene
increases significantly, which is valuable recycle
feedstock to the OTO conversion system. Methane on the
other hand is significantly reduced. Iso-butane cracking,
which at higher conversions produces less of the valuable
lower olefins, produces at 50% selectivity more ethylene
propylene and butylenes (C2=, C3=, C4=) than no-butane,

which is of particular advantage on the integrated

process.
Table 3

Iso-butane n-butane
Butane 50.0% 95.0% 50.0% 95.0%
Conversion
Ethylene 4.8% 14.0% 31.1% 42.6%
Selectivity
Hydrogen 1.4% 1.3% 0.8% 1.2%
Selectivity
Methane 17.6% 25.6% 18.8% 21.7%
Selectivity
Propylene 32.1% 21.6% 37.0% 16.0%
Selectivity
Butylene 37.4% 17.7% 4.8% 5.8%
Selectivity
C2=+C3=+C4=| 74.3% 53.2% 72.9% 64.5%
Selectivity
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Examples 4-9

In these Examples, several options of implementing
the present invention are compared with comparative
examples, by means of model calculations.

Tables 4A and 4B summarizes the net product
distribution of stand-alone cracker systems, OTO
conversion systems, as well as various integrated
cracker-0TO systems from a feed of 5012 t/d methanol to
an OTO conversion system and/or 2755 t/d ethane to a
steam cracker. In the examples marked A, an ethane
conversion of 65% was used (comparative). In the examples
marked “B”, and ethane conversion of 60wt% was used. The
yvields are calculated on a weight basis as the yield of
ethylene and propylene based on CHZ in the feed.

Example 4

In this example the net product distribution of an
OTO conversion unit with a net feed intake of 5012 t/d
methanol and with internal recycle of C4 product as co-
feed to the oxygenate conversion zone is shown. The C4
recycle stream is 1775 t/d. The C4 net product shown in
Table 4A,B is the C4 purge stream that is withdrawn as an
outlet for butane produced which would otherwise build up
in the process. The ratio of butane/butene is 3:1.

Example 5(A,B)

In this example the net product distribution of
cracking 2755 t/d ethane is shown. Unconverted ethane is
recycled. The negative water make reflects the make up
for losses in the circulation of steam. Due to its low
amount, propene from a cracker can often not be
economically be recovered and is wasted, in which case

the yield should rather be calculated on ethylene only

o

basis to 85.1
Example 6 (A,B)

19
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In this example an OTO conversion system and a steam
cracking system are operated together, each as in
Examples 1 and 2, and only integrated regarding the
recycle of ethane produced in the OTO system to the

5 cracker. This can be achieved by separate product work-up
sections, or if a common work-up section is used the
butadiene is extracted before recycling C4 to the OTO
conversion system.

Example 7(A,B)

10 In this example according to the invention, butadiene
is selectively hydrogenated (either as part of a mixed C4
stream or after extraction), providing additional butene
that is being recycled to the OTO conversion system. This
increases the yield of wvaluable ethylene and propylene,

15 whereas there is normally no economic outlet to higher
value products for such a relatively low quantity of
butadiene. The purge stream of butene and butane is kept
the same as the sum of butane+butene streams of examples
4 and 5.

20 Example 8 (A,B)

Building on example 7, the remaining stream of
butane+butene is not purged but fully hydrogenated and
recycled to the cracking system, which is operated at a
conversion of butane of 95%, such as discussed with

25 reference to Figure 2. The yield of ethylene and
propylene increases with respect to example 4, and is
comparable to that of example 5, with a slightly
different distribution of ethylene and propylene.
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Table 4A
Example: 4 5A 6A
10°kg/day 10°kg/day 10°kg/day
Feed:
Methanol 5012 5012
Ethane 2755 2755
Products:
Ethylene 512 2187 2713
Propylene 1275 50 1325
Ethane 17 0 0
Propane 48 19 67
C4:
Butane+Butene 35.9 22 58
Butadiene 0.3 52 52
C5+ 282 61 343
Fuel gas 98 197 280
H,0 2710 -83 2627
Hydrogen 17 168 186
Yield (wt% CH2) |81.5% 87.1 84.8%
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Table 4A (continued)

Example: TA 8A
10°kg/day 10°kg/day
Feed:
Methanol 5012 5012
Ethane 2755 2755
Products:
Ethylene 2725 2743
Propylene 1356 1371
Ethane 0 0
Propane 638 638
C4:
Butane+Butene 58 0
Butadiene 0 0
C5+ 350 361
Fuel gas 282 296
H,0 2627 2627
Hydrogen 186 187
Yield (wt% CH2) |85.7 86.4




2627 2627 Hydrogen 186 187 Yield(w % CH2) 85.7 86.4
4 5B 6B 103kg/day 103kg/day 103kg/ day Feed:
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Table 4B
Example: 4 5B 6B
10°kg/day 10°kg/day 10°kg/day
Feed:
Methanol 5012 5012
Ethane 2755 2755
Products:
Ethylene 512 2254 2780
Propylene 1275 41 1316
Ethane 17 0 0
Propane 48 7 55
C4:
Butane+Butene 35.9 23 59
Butadiene 0.3 58 58
C5+ 282 37 319
Fuel gas 98 140 233
H,0 2710 -83 2627
Hydrogen 17 177 186
Yield (wt% CH2)
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Table 4B (continued)
Example: 7B 8B

10°kg/day 10°kg/day

Feed:
Methanol 5012 5012
Ethane 2755 2755
Products:
Ethylene 2794 2814
Propylene 1350 1360
Ethane 0 0
Propane 56 57
C4:
Butane+Butene 59 0
Butadiene 0 0
C5+ 327 329
Fuel gas 235 254
H,0 2627 2627
Hydrogen 186 187
Yield (wt% CH2)

10

Et hyl ene 512 2254

PCT/EP2010/066991

The examples demonstrate the improved yield of lower

olefins in the process according to the invention.

In the present invention a light paraffin feedstock

comprising ethane is cracked in a cracking zone under low

severity cracking conditions to produce at least olefins

and hydrogen.

Preferably the cracking system is an ethane cracker,

and the light paraffinic feedstock is a feedstock

comprising C2-C5 paraffins,

paraffins,

in particular C2-C4

i.e. comprises one or more of propane, butane,

and/or a mixed C4 stream or a mixture comprising two or

more thereof.

The 1light paraffinic feedstock is
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preferably an ethane-comprising feedstock, and preferably
comprises at least 35 wt% ethane, more preferably at
least 50 wt%, more preferably at least 70 wt%. Ethane-
rich feedstock maximises ethylene production. Although

5 not normally preferred, other hydrocarbons such as
olefins can also be contained in the light paraffin
feedstock, preferably in quantities of less than 10 wt$
based on total hydrocarbons. The light paraffin feed may
comprise a recycle stream from the process.

10 Preferably, the ethane-comprising feedstock is
obtained from natural gas or associated gas.

The cracking process is performed at elevated
temperatures, preferably in the range of from 650 to
1000°C, more preferably of from 750 to 950°C.

15 Steam 1s usually added to the cracking reactor,
acting as a diluent reducing the hydrocarbon partial
pressure and thereby enhancing olefin yield. Steam also
reduces the formation and deposition of carbonaceous
material or coke in the cracking reactors. The process is

20 also referred to as steam cracking or pyrolysis.

Such cracking processes are well known to the skilled
person and need no further explanation. Reference is for
instance made to Kniel et al., Ethylene, Keystone to the
petrochemical industry, Marcel Dekker, Inc, New York,

25 1980, in particular chapter 6 and 7, as well as to
Us2005/0038304, w02009/039948, or the publications by
Eng, UOP, and Zimmermann identifed in the introductory
part hereinabove.

In addition to ethylene and some propylene, other by-

30 products are formed as well. By-products can include
butylene, butadiene, ethyne, propyne and benzene. Coke

may also be formed and may require regular cleaning of
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the steam cracker furnace such as through decoking with
air.

In step b) of the process the present invention an
oxygenate feedstock is converted in an oxygenate-to-

5 olefins conversion system, in which an oxygenate
feedstock is contacted in a reaction zone with an
oxygenate conversion catalyst under oxygenate conversion
conditions, to obtain a conversion effluent comprising
lower olefins. In the OTO reaction zone, at least part of

10 the feed is converted into a product containing one or
more olefins, preferably including light olefins, in
particular ethylene and/or propylene.

Examples of oxygenates that can be used in the
oxygenate feedstock of step b) of the process include

15 alcohols, such as methanol, ethanol, isopropancl,
ethylene glycol, propylene glycol; ketones, such as
acetone and methylethylketone; aldehydes, such as
formaldehyde, acetaldehyde and propionaldehyde; ethers,
such as dimethylether, diethylether, methylethylether,

20 tetrahydrofuran and dioxane; epoxides such as ethylene
oxide and propylene oxide; and acids, such as acetic
acid, propionic acid, formic acid and butyric acid.
Further examples are dialkyl carbonates such as dimethyl
carbonate or alkyl esters of carboxylic acids such as

25 methyl formate. Of these examples, alcohols and ethers
are preferred.

Examples of preferred oxygenates include alcohols,
such as methanol, ethanol, isopropanol, ethylene glycol,
propylene glycol; and dialkyl ethers, such as

30 dimethylether, diethylether, methylethylether. Cyclic
ethers such as tetrahydrofuran and dioxane, are also

suitable.
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The oxygenate used in the process according to the
invention is preferably an oxygenate which comprises at
least one oxygen-bonded alkyl group. The alkyl group
preferably is a Cl-C4 alkyl group, i.e. comprises 1 to 4
carbon atoms; more preferably the alkyl group comprises 1
or 2 carbon atoms and most preferably one carbon atom.
The oxygenate can comprise one or more of such oxygen-
bonded Cl1-C4 alkyl groups. Preferably, the oxygenate
comprises one or two oxygen-bonded Cl-C4 alkyl groups.

More preferably an oxygenate i1s used having at least
one Cl or C2 alkyl group, still more preferably at least
one Cl alkyl group.

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

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

Preferably the oxygenate feedstock comprises at least
50 wt% of oxygenate, in particular methanol and/or
dimethylether, based on total hydrocarbons, more
preferably at least 80 wt%, most preferably at least 90
wt%.

The oxygenate feedstock can be obtained from a
prereactor, which converts methanol at least partially
into dimethylether. In this way, water may be removed by
distillation and so less water is present in the process
of converting oxygenate to olefins, which has advantages
for the process design and lowers the severity of
hydrothermal conditions the catalyst is exposed to.

The oxygenate feedstock can comprise an amount of

diluents, such as water or steam.
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In one embodiment, the oxygenate is obtained as a
reaction product of synthesis gas. Synthesis gas can for
example be generated from fossil fuels, such as from
natural gas or ©0il, or from the gasification of coal.

5 Suitable processes for this purpose are for example
discussed in Industrial Organic Chemistry, Klaus
Weissermehl and Hans-Jurgen Arpe, 3rd edition, Wiley,
1997, pages 13-28. This book also describes the
manufacture of methanol from synthesis gas on pages 28-

10 30.

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

Preferably, at least part of the oxygenate feed is

15 obtained by converting methane into synthesis gas and
proving the synthesis gas to a oxygenate synthesis zone
to synthesise oxygenates. The methane is preferably
obtained from natural gas or associated gas, more
preferably the same natural gas or associated gas, from

20 which the light paraffin feedstock for the cracker is
obtained.

The oxygenate feedstock may be provided directly from
one or more oxygenate synthesis zones, however, it may
also be provided from an oxygenate storage facility.

25 A variety of OTO processes is known for converting
oxygenates such as for instance methanol or dimethylether
to an olefin-containing product, as already referred to
above. One such process is described in WO-A 2006/020083,
incorporated herein by reference, in particular in

30 paragraphs [0116] - [0135]. Processes integrating the
production of oxygenates from synthesis gas and their
conversion to light olefins are described in

US2007/0203380A1 and US2007/0155999A1.



olefins in the process according to the invention. 5In the present
invention a light paraffin feedstock conprising ethane is cracked in a
cracki ng wone1wnsaes | ow severity cracking conditions toPpraReeie/ned9l east
ol efins and hydrogen. Preferably the cracking systemis an ethane cracker,
10and the light paraffinic feedstock is % feedstock conprising C2-05
paraffins, in particular C2-C4 paraffins, i.e. conprises one or nore of
propane, butane, and/or a mxed C4 streamor a m xture conprising two or

nore thereof. The ddtght/spar aé faddrifireedstors A s2006/32008preferably an
et hane- conpr|5|ng f eedst ock, and preferably conprises at |east 35 wt%
ethane, nore prefeErAs! y &t CPRASTE B '8, ORBPE" dreférabityCht 17 e3st 70 wt %

Et hane-rich feegstock hneaxi-akses alJuHanea . prodnctdQny Alst bevgbr-Snof normal |y
preferred, other hydrocarbons such as olefins can also be contained in the

i ght paraffintPeeifst GORSCHLRF ef HBI%) G 2qliaht FRTRS G OPEssSThatP 10 wt %

based o# tOta'm&MQﬁﬂ%@f@QBSesTXEé|éﬁﬂﬂboﬁ@ﬁﬁiﬁbﬁh&éﬁﬁ&t@ﬁy CRRAD| | Sfudh recycle
stream fromthe process 10Preferab;¥ he et hane-conprising feedstock is

obt ai ned from #atHFal~das ~6f’ assbciatded §4s. Put alsthe2EPacki gy prideess is

performed at elgyated tenperatyres,o praherabby i4y the rapge of from 650 to
1000C, nore preferably of from 750 to 950C. 15Steamis usually added to the

cracking reactor, Att¢mptdsyeaYdi Fientoreirciong Oof hehdyrstarhén parti al

pressure and tf@%é%%bd%ﬂﬁ@QCbQQa&%éﬁﬁﬂléﬁb@|Qy steamealszo sneduces the
formati on and deposition of carbonaceous material or coke in the cracking

react ot$. The protiew$iildcapal sdtaefdrréd Parascstaam €caékifng or pyrol ysis.

Such cracking pfocesses angyvel i know tao.tbe.skidadgper sep and fieed no
further explanation. Reference is for instance nmade to Kniel et al.

Et hyl ene, Keystlohe’¥b drherpett oetieniccdlRri Aduste YIF Mareel Dekkers Inc, New

York, ,291980, igupar thgular chagt eguo@l %@dzgw a5, wald sa%r L0pLB2008( 0038304,
V®2009/039948 or t'he publications UCP, and Zinmernmann identifed in

t he introduct oy %ﬁﬁﬂZZheﬁéﬁnﬁ%bv@ypqnﬁS@§hlﬁﬁoﬁ$ﬁﬁﬂbtﬁ@ﬁeﬁERaﬁﬂp%one
propyl epe, ot hery by su%Q@'b?Q“EéélP{ees ”@graéxéﬁ%le z@é‘l@'&quff Scif@n i nclude

butyl ene, butadi ene, ethyne, propyne an benzene. Coke ma so be forned
and may reqU|r%ﬂﬁrﬁyﬂearS@Péaﬂ$r@ﬁ%ﬁ35 the SFF type, such as SS5z-44

and the EU-2 type, such as ZSM-48. Aluminosilicate
catalysts are preferred when an olefinic co-feed is fed
to the oxygenate conversion zone together with oxygenate,
20 for increased production of ethylene and propylene.
The reaction conditions of the oxygenate conversion
include those that are mentioned in WO-A 2006/020083.
Hence, a reaction temperature of 200 to 1000 °C,
preferably from 250 to 750 °C, and a pressure from
25 0.1 kPa (1 mbar) to 5 MPa (50 bar), preferably from 100
kPa (1 bar) to 1.5 MPa (15 bar), are suitable reaction
conditions.
A specially preferred OTO process for use in step (b)
of the present invention will now be described. This
30 process provides particularly high conversion of
oxygenate feed and a recycle co-feed to ethylene and
propylene. Reference is made in this regard also to

WO02007/135052, wW02009/065848, W02009/065875,



- 33 - the steam cracker furnace such as through decoking with air. In
step b) of the process the present invention an oxygenate feedstock is
convert edwproamsmrggenat e-t o- 5ol ef i ns conver si on syst eRCTIER26WI0649980N
oxygenate feedstock is contacted in a reaction zone with an oxygenate
conversion catal yst under oxygenate cohv&Ersion conditions, to obtain a
conversion effluent conprising |ower olefins. In the OTO reaction zone, at

| east part of 10the feed is converted into a product containing one or nore
ol efins, preferabdopiorcisudi ngoto@htoqlsebi nso2om pegddcyl an ebhyh ene and/ or
propyl ene. Exanpl es of oxygenates that can be used in the oxggenate

f eedst ock of s?%ﬁfqﬁSQ§fatﬁgtﬁ}%%%§§“%ﬁ6P&88 3B a1 CBHEI°S 14 G he a%F net hanol |

et hanol , isopragsnele rethybesge ol #eolsicpeOPYY efengdneokinketRaese1 such as
acet one and neﬁ@ylethylketone al dehydes, such as formnal dehyde,

acet al dehyde a ﬁ?bﬁﬂ@ﬁépﬂéh9%ﬁﬁe%ﬂI%@ﬁéorsﬁ%ﬁy%%?cﬁ%ﬁgtﬁ§l%Wﬁeﬁyed

di et hyl et her, net hyl ethyl gtbesss 20t tahydrof sramhand 1dhoxangiy4poxi des
such as ethylene oxi de and propyl ene oxi de; and acids, such as acetic acid,

propi oni ¢ aci d$OIIHASE 88Pdoéﬂﬂo{ﬁn%ﬂq¥§t§élHaV¥QEtQﬂ9’déﬁﬁﬂﬁF%%a%ukg(m al kyl

carbonat es suchc@sedidmet Ryl ceakbonat eraknakkyl nestefierobccagbexylic acids
such as 25nethy| formate. O these exanples al cohol s and ethers are

preferred. O By EE N6t S pr e eFi e lox piehat es 1Hitudé aPeBhol s, such as

net hanol , ethapaly;dssopnapangh . c sthyl-ene gbycol, tHH‘HE%%@9§t9|yC0| and
di al kyl ethers such as 30di net hyl et her, diethyl et her, nethylethylether

COyclicl@thers %H%%ﬂé§dt@%ﬁ@ﬁ%ﬂ?dﬁﬁ?éﬁoéﬁﬁeél@%dﬂ@f“gﬁeaﬁﬁé@rsIWWable - 34

- The oxygepat e sedphpet g1 ProLess raccon difihdihehkRe chBventd Ofsd s
preferably an oxygenate which conprises at |east one oxygen-bonded al kyl

group. The al k§Pnigrigs prefefablsl it gneloeanar kylnggredgsioeal conpri ses 1

Lo 4 Scarbon a} b JDLeyRhS £f Alnbd:Ra akkyl cghaun LORRERSES de Qfn car bon
atoms and nost preferably one carbon atom The oxygenate can conprise one

or nore of suchT bxangerboAtledV Izl G4 mgirkey HigeosipenalPrzsfodisbl yint he oxygenat e
conpri ges one or tmoj0xygen:honded (Gl .CA 8l kyl ) 95 OUNRSw1ar 28M-5, or

of the MEL type, such as zeolite zSM-11. Such further
zeolite (molecular sieve) can have a beneficial effect on
the stability of the catalyst in the course of the 0OTO
process and under hydrothermal conditions. The second

20 molecular sieve having more-dimensional channels has
intersecting channels in at least two directions. So, for
example, the channel structure is formed of substantially
parallel channels in a first direction, and substantially
parallel channels in a second direction, wherein channels

25 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. A preferred
MFI-type zeolite has a Silica-to-Alumina ratio SAR of at

30 least 60, preferably at least 80, more preferably at
least 100, even more preferably at least 150. The
oxygenate conversion catalyst can comprise at least 1

wt%, based on total molecular sieve in the oxygenate



10 More preferably an oxygenate is used having at |east one O or C2 al kyl
group, still nore preferably at |east one O al kyl group. Preferably
t he oxygewetel1ves7vRosen fromthe group of al kanol s and @CalEPRe1086490T S
consi sting of dinethylether, 15diethylether, nethylethylether, nethanol,
et hanol and i sopropanol, and m xtures th&feof. Most preferably the
oxygenate is nethanol or dinethylether, or a mxture thereof. Preferably
t he oxygenate feedstock conprises at |east 2050 wt % of oxygenate, in

particul ar netbanedrAand/ eatdipet hydetdner scbasethendatal shyds ogarfeons, nore
preferably at |east 80 wt% nost preferably at | east 90 wt % The oxygenate
f eedst ock can B OBtEISAEdOPFONTE ar BAEL BF 2P nhidth 166KV ert € fret hanol  at

| east partial | yoiditge cdichebhyl 8t hesasd B thks ey, rvatei-wdey benremoved by
distillation and so |l ess water is present in the process of converting

oxygenate to of ¥Fimse WREENTRAR HUVErTt &geSie of i HE prodess! dest i and

| owers the sevekidartefi n3@hyds ohderdralesgondihi onsyddhe satakystnds wxposed
to. The oxygenate feedstock can conprise an anount of diluents, such as

wat er or steanfte~ S3h as leph Ol divb@dicment, the oxygenate is obtained as

a reaction pr oductE_@ﬁBe@Jyarm@e%%ngaﬁe SHYRSIS cHase L8 fof @xamphe be
generated fromfossil fuels, such as from natural Igas or oil, or fromthe

gasi ficati on oPUecdier 5SGRtabyer prtedsdsIf Yr Tt st Purrpdse are for exanpl e

di scussed in I ndusiddsaliGngan] CiChemy sker Yavkh s W8I ssenpgehl,yand
Hans-Jurgen Arpe, 3rd edition, Wley, 1997, pages 13-28. This book al so
descri bés t he pmiiTacOBrelpindetthisld tPERT BRIt HgSt $hgas=Bachalges 28- 1030.

I n anot her enmbpdidrent, hhesoxygenatedrs bt ahned fdamphopatgrialsy such as
through fernmentation. For exanple by a process as described In

DE- A- 10043644. t Prigieragicy; oat z¢rasthpartcot 2t her dhaagenat ént eedu¢xd

150bt ai ned by gonyenting aet hane,d Nt SyRLNES! ShHas 1andpLoyENng the
synthesis gas to a oxygenate synthesis zone to synthesi se oxygenates. The
met hane is prefe@rasigion of the oxygenates, in particular methanol and

15 DME, to ethylene and propylene is enhanced when an olefin
is present in the contact between methanol and/or
dimethylether and the catalyst. Therefore, suitably, an
olefinic co-feed is added to the reaction zone together
with the oxygenate feedstock.

20 In special embodiments, at least 70 wt% of the
olefinic co-feed, during normal operation, is formed by a
recycle stream of a C3+ or C4+ olefinic fraction from the
OTO conversion effluent or the combined OTO conversion
and cracker effluents, preferably at least 90 wt%, more

25 preferably at least 99 wt%, and most preferably the
olefinic co-feed is during normal operation formed by
such recycle stream. Preferably this recycle stream is
obtained from the combined effluent and at least
partially hydrogenated in accordance with the present

30 invention. In one embodiment the olefinic co-feed can
comprise at least 50 wt% of C4 olefins, and at least a
total of 70 wt% of C4 hydrocarbon species. It can also

comprise propylene. The OTO conversion effluent can



obtained fromnatural gas or associated gas, nore preferably the sane

nat ural gas or associated gas, from 20which the |ight paraffin feedstock
for the cweckarosigsobt ai ned. The oxygenat e feedst ocleCrap2die/opiorvi ded
directly fromone or nore oxygenate synthesis zones, however, it may al so
be provided froman oxygenate storage fatility. 25A variety of OTO
processes i s known for converting oxygenates such as for instance nethanol
or dinethylether to an ol efin-containing product, as already referred to
above. One suchorf:0GRsS i Gredeseridmad ipheWorAp 200618200831 c5B8congpear at ed
herein by ref erence in particular in 30para raz?hs [ 0116] %0135
Processes int gt &t91P Whe BFoduct i o ok geh ]%%E“aftrlGﬁl's%F @s?s gas and
thei r conver si s 410 dyigghtaobehd nsn ane deschibhed A 15200400208380A1 and
U52007/ 0155999A1. - 36 - Cat al ysts as described in WO A 2006/ 020083
are suitabl e fotelighrerer ﬁ@e?hea%g(ﬁ?néﬁéyf%%d%‘%w'l 28t ép (b) of the

presentsinventhon. i SUGHh eahplysd slepyseft%abw g ldde soobeedk /g, sieve
catal yst conpositions. Suitable nol ecul ar si eves are

si | i coal um nopho$ipHatey @SAF’@ha%d@nwég SAPER L 7OLatd S, . 8a5ed3qn _ 44, but

al so SAPO-5, -8ptalhyardlarndds tB&ne 3ler1fbe cdlseed2, -47 and -56.

Al ternatively, the conversion of the oxygenate feedstock may be

acconpl i shed by theé u8edsf h oalurenBsPRICat® Cat &LPELere iarticul ar a
zeol ite. Suitable,catal ystsiingdidehikose £9atal Al %earé%&bhéeof)fczi he ZSM
group, in particular of the M type, such as ZSM 5, the T type, such as
ZSM 2310t he TON'¥%ipe - diich a527SMZ2e PRECHEE. tyiFe, v§{fERUAs ZSM 11, the FER
type. 15Q her mé&b&t@o@le@htﬁ% aredQr exampl £ zealiifiesgf cthe STF-type,
such as SSz-35, the SFF type, such as $SZ-44 and the EU-2 type, such as
ZSM 48. Al uni nestiiEatecyat al 9513 G €rgréferr Beowide &3CokefiweRt cd-feed is
fed to the oxygenale comyersion,zone hoget her,mith oxygenate, 20fqr

i ncreased production of ethylene ‘and propyl ene. The reaction

condi tions of theroxyigédapencanviersicon siinekudehetiose tshatrared neghtd oned in

VO- A 29g6/ 020083, Henceo,8qr 6actd a) teTper QE&”&}S’Jt%QQaElef?QQ C,

preferably from 250 to 750 C, and a pressure from kPa (1 nbar) to 5
MPa (50 bar), peefartalsl &ﬂnﬂﬁémd@mﬂ@ée(aﬂztbaﬁ)C@@lltl@nwpal(llsh®ar) are

sui tabl e reactjon conditionsy Lishe io%l,é( rcgd O progcess for use
in step (b) of the pres?ent ?nvaen%rl on W (IBI nowr CI’I b% %n s 30process

provi des partigwirdbichipgh cenvies strryiged by hydrogenatlng butadiene,

moreover any stream previously purged can be recycled to
20 the cracker, preferably after full hydrogenation.
In the preferred process, optimum light olefins
yield are obtained when the OTO conversion is conducted
at a temperature of more than 450 °C, preferably at a
temperature of 460 °C or higher, more preferably at a
25 temperature of 480 °C or higher, in particular at 500 °C
or higher, more in particular 550 °C or higher, or 570 °C
or higher. The temperature will typically less than 700
°C, or less than 650 °C. The pressure will typically be
between 0.5 and 15 bar, in particular between 1 and 5
30 bar.
In a special embodiment, the oxygenate conversion
catalyst comprises more than 50 wt%, preferably at least

65 wt%, based on total molecular sieve in the oxygenate



oxygenate feed and a recycle co-feed to ethylene and propyl ene. Reference
is made in this regard also to W2007/ 135052, W?2009/ 065848, W2009/ 065875,
- 37 - \WRO00911063880, W2009/ 065855, W2009/ 065877, i n RAr@PR2@moc@sses a
catal yst conprising an alum nosilicate or zeolite having one-di nensi onal

10- menbered ring channels, and an ol ef+ & co-feed and/or recycle feed is
enpl oyed. 5In this process, the oxygenate-conversion catalyst conprises one
or nore zeolites having one-dinensional 10- nmenbered ring channels, which

are not intersested Nynothenl ghanne i‘uhepbﬁéediﬁrbérYS1&ina|leal§11_e5@f/§\ﬁ of such
zeol ites based on total zeolltes in the catalyst. 10Preferred exanples are
zeolites of th&MeT havdrgr 1YReERped Mg 55????ﬁﬁ arly preferred enbodi nent

the catal yst conprirsesel BnBddidd@) thid1e0e18F $MU PNe- dhBERSIann zeol i tes
havi ng 10-menbered ring channels, such as of the MT and/or TON type, a

nor e- d|nen5|on%@“%éﬁﬁiﬁéedlh“l@%%ﬁ?ﬂ@ﬁpéFe FOTHE MEAID COfpeYibreS it -

particusar ZSMihsm-0f2, osztsnezﬁ/ELaMnmsn@u@h agse9] i@ rZ8Mh1}. aSuch further
zeolite (nol ecular sieve) can have a beneficial effect on the stability of

the catal yst i+3He XPGurdd ofOtheGTOFPOEeds HtF uidér "hijdr ot her mal

condi tions. Theg,second 20pplesul Bdasd eve Ravi agy MyL- di-aepshengl 1 @hannel s
has intersecting channels in at least two directions. So, for exanple, the

channel struct®F 1% HO5PredMofR s utfs eRECEI-PY %%ﬁ%ﬂl%ﬂedcﬁénhél%h?n a first

direction, andy Aanteoahl ywpas aldelhabannel ssid,& seeopdegiregtion,
wher ei n channels 251n the first and second directions intersect.

| nt er sé€@ti ons Wit IPEESPREEhef erdhel yperar ehalxv §56dsibFecverfer abl y t he

channel s in atpleast;\QReq0byt ReadidpLati ans; aLer 10- meiberedering channel's. A
preferred MFl-type zeolite %as a Silica-to-Alumna ratio SAR of at 30l east

60, preferabl y2EtoIRdEste 80, rABPE preferigbryt a9t edstt BFOTPEGenPYIDr €

preferably at }easingl3Q Thenoxygenal e£onygssion: canakyst cameanprise at
| east 1 wm % based on total nol ecul ar sieve In the oxygenate - 38

conver si on cat &g sacolgfeet he EE@bﬁﬂUan@@aPaﬁds}@ﬂé*hé@ﬁﬁgmnﬁre di mensi onal
channel s, prefgrably af f'o?ﬁStT %Vﬁy@ro@%‘hefBErﬁfﬁér@bé%naﬁoe| 8B?ecu %  and

furthernore can conprise [ess than 35w % of the further ar “si eve,
5i n certain endbodiarertishrags Phate R0 e hopmhesisint el t38fad Mpvwedlidly as | ess

than 15 wt % anothe@s%%%'talc!cé!at‘!\@&{’c”%%r%%gﬁﬁ@% &, £opveni.ep L5 carried out

over a catalyst containing MT or TON type aluminosilicates, it may be
advant ageous texatht iae ﬁ@mb@@h$ﬁ@0ﬁ1@|ﬁEWQGE@tm@%dNKﬂgé@ﬁefCwﬁ@h t he

oxygenat e hour or more. The molecular sieves obtained after ion-

20 exchange are also referred to as being in the ammonium
form.

The molecular sieve can be used as such or in a
formulation, such as in a mixture or combination with a
so-called binder material and/or a filler material, and

25 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
when no binder, filler, or active matrix material is
used, the molecular sieve itself is/are referred to as

30 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

is/are referred to as oxygenate conversion catalyst. A



feed (such as dinethylether-rich or nmethanol-rich) feed to the reaction
zone when the latter feed is introduced into this zone. It has been found

t hat t he watalytsiosconver si on of the oxygenates, in parPCt@EpPas10/eddhrnol and
15DVE, to ethylene and propyl ene is enhanced when an olefin is present in

t he contact between nethanol and/or difaethyl ether and the catal yst.
Therefore, suitably, an olefinic co-feed is added to the reaction zone
together with the oxygenate feedstock. 20l n special enbodinents, at | east
70 wt % of the pbehinitecceateedst dud ngmpet Fal popeIal iloand sofwreed by a
recycle stream of a C3+ or CA+ olefinic fraction fromthe OTIO conversion
ef fluent or th2l¥OH5Ied ey corvier<idy RREVRFAckerr éf PPuBhE s, "Pref er abl y
at |east 90 W fbetmr135peehiesably Al lseasts %Mo andorast preferably the
olefinic co-feed is during normal operation fornmed by such recycle stream
Preferably thi$Y®Hfdl-e streamis obtained fromthe conbined effluent and

at least partially ﬂﬁyql’soggﬂﬁﬁﬁﬂé &oa%%@m@@% WMt vishenpy es@tfood30
invention. In one enbodi ment the olefinic co-feed can conprise at |east 50

Wt % of C4 ol ef P¢EHRdaPr | 8R8E" & H A Nof b?@a‘&\ie’/ojd“f 34 TR{BF ek bon

species. It cagh@l SOneRRPEhsecpfLPYEene. oFhen 046, franver shonogdh | uent can -
39 - conprise 10 ww% or less, preferably 5 wt% or |less, nore preferably 1

W% or |ess, OPERH-IO8 arBrEli eedhdsedroAkt 6‘?‘&41 HyRIGEarBBRs 1P t he

effluent. At |gasic.onexef mhher ol efimiLc 16orbeedsyand Lheegsychenst ream can
in 5 particular conprise |less than 20 wt % of C5+ olefins, preferably |ess

t han 160w % of PXIB+ H1é0i- n§r epasdrl Yok o gl Ay Hr o calréns Si AheRRfDi%f i ni ¢

co-feed. In orgder, 40 MRxhmi e, praduet 'rr%@e?fla@t hyl gne andspropylene, it is
deswable to maxi mze the recycle of C4 10olefins. 'In a stand-al one

process, i.e. WEHOWRLS Ategdr APToh AR aretadkerStireredi snactivet to the

mexi mum reCYC'rﬁa*@érlaalg‘lafnaa%h%ﬁfco@rt R%tgg{f%fdé@ﬁtrmé ceriaidy part
t hereof, such as between 1 and wt % needs to be wthdrawn as purge, since

ot herw se sat upatwesd IC4'ss lmgm@umacnér)atmaaéisbam:@ afp aAlsiveh atelisubstantially
not copyerted upder, .| h%lqgargﬁ% 2N c&q@ghg ons; . dJ};the lyntegration with a

cracker however, m)re C4 olefins are aval |l abl e ‘and can be provi ded by
hydrogenat i ng dliradicend,lCrbreoVer rmdpestr BanPRFevi ousiof igar gedecernl soe

recycled to 20t he, cracker 4;p Efﬁ%ﬁ@é afit ?Eafuéul zé’a rragenat bQE‘aus\ﬁ]en tln

the preferred process, opti t oe I ns y|e re obtal ned
OTO conver si onth&y condwpecegdnat vavargrgoesatar eemterTSe vihhah #580 Ckoreferably

A o STPE A Ui, o 400.Coor Lghelo. DY GPLELeY Ahl o AL 2. 25h Lt ur e of

480 C or highe In particu nmore in particular 550 C
or higher, or S570i@-erluhigheis T4t enper ature will typically less than 700

C, or less than 656, The, pressure will LYRi&Ally, be betugen 0.5 and 15

bar, in particular ween a speci al enbodi nent,
t he oxygenat e ¢eantensites c¢at alimyscwmepmfsesenmcecetﬂmn Cooven®goprlef erabl y at

least 65 wt% Dpased Qn. total, ool ey an, SLEVE LL, e Qx¥960at e

catalyst particles used in the process of the present

25 invention can have any shape known to the skilled person
to be suitable for this purpose, for it can be present in
the form of spray dried catalyst particles, spheres,
tablets, rings, extrudates, etc. Extruded catalysts can
be applied in wvarious shapes, such as, cylinders and

30 trilobes. If desired, spent oxygenate conversion catalyst
can be regenerated and recycled to the process of the
invention. Spray-dried particles allowing use in a

fluidized bed or riser reactor system are preferred.



- 40 - conversion catalyst, of the one-dinensional nolecul ar sieve having
10- nenbered ring channel s. I n one enbodi nent, nol ecular sieves in the
hydr ogen wormizse7ased i n t he oxygenat e conversi on cat alPgSIEP2@0866991

5HZSM 22, HzZSM 23, and HZSM 48, HZSM 5. Preferably at | east 50% w w, nore
preferably at |east 90% ww, still nore referably at |east 95% w w and
nost preferably 100% of the total anmount of nolecular sieve used is in the
hydrogen form Wen the nolecul ar sieves are prepared in 10the presence of

organi c cati onspidieidml geutar1sé eve mymbelactbyated by bBpatiyng in an inert
or oxidative atnosphere to renpve organic cations, for exanple, by heating
at a tenperat urey difer F566°EPo¥ P GETEFe B e L otfe 52661 el T st pi cal |y

obtai ned in thﬁaﬁglﬂldﬂnlor— 2bpotassitemnsiapm, Jhe- hywr egen form can then be
obtai ned by an ion exchange procedure with anmmonium salts foll owed by

anot her heat treat méfit PrPOPT AR AcaR PhetterorPoxPEaET ¥4t nosphere at

a tenpesature Qe dve fiorpde ROMLIGN pRREErmdde Mleedbako s eves bt ai ned
after ion- 20exchange are also referred to as being in the anmoni um form

The nol ecul ar &P & Car 16 st G5l Bifeh 6r4; ﬂrdmf‘blr%lb&fjvoﬁ Isuth as in a

m xture or conbifnatien mwibth Be80sCal lradebi pdeer satLrdeak, aa@é%u@q fid | er
material, and 25optionally also wth an active matrix conponent. O her

conponent s candEG Ihé Opr 88eRTO i BF 1456 S o AUPAE F 67 1A Tome2BrMFBre nol ecul ar

sieves are Usellgr@@ess.#c@’lsbnapﬁfié&%e@r r‘é@@@of‘%@'d’%‘fmﬁ bl L eket&F active
matrix material is used, the nolecular sieve itself is/are referred to as

30oxygehat e cofdera ot e€at arystl 49RCACFoPHEFaTT ot tiee cABllexetar sieve in

combi nation w th the ghher,Comengnt snef othecdivd Wiensyshe asolinderls and/ or
filler material is/are referred to as oxygenate conversion catalyst. A - 41

- fornul ated catRbystliganogonpridd Ivdt WeeAt 10ante Y9 s QKYBSHdSE | i cat e,
preferably between, 10 aad 60 W % 0 &.pr gkefabl yo hetween 20,an0,p0 W %

based on total catalyst. 5It Is desirable to provide a catal yst having good
sections.

15 When multiple reaction zones are employed, an
olefinic co-feed is advantageously added to the part of
the dimethylether-rich feed that is passed to the first
reaction zone.

The preferred molar ratio of oxygenate in the

20 oxygenate feedstock to olefin in the olefinic co-feed
provided to the OTO conversion zone depends on the
specific oxygenate used and the number of reactive
oxygen-bonded alkyl groups therein. Preferably the molar
ratio of oxygenate to olefin in the total feed lies in

25 the range of 20:1 to 1:10, more preferably in the range
of 18:1 to 1:5 and still more preferably in the range of
15:1 to 1:3.

A diluent can also be fed to the OTO conversion
system, mixed with the oxygenate and/or co-feed if

30 present, or separately. A preferred diluents is steamnm,
although other inert diluents can be used as well. In one
embodiment, the molar ratio of oxygenate to diluent is

between 10:1 and 1:10, preferably between 4:1 and 1:2,



mechani cal or crush strength, because in an industrial environnent the
catalyst is often subjected to rough handling, which tends to break down

t he cat alyetoimtsew7powder -1 i ke material. The l|atter caus@sTHmPIAIE®II n t he
10 processing. Preferably the nol ecular sieve is therefore incorporated in
a binder material. Exanples of suitable 9terials in a fornulation include
active and inactive materials and synthetic or naturally occurring zeolites
as well as inorganic materials such as clays, silica, 15alum na,

silica-al um nanodi taRifarabi { Codt deand :al HALNOS1 ) i KadreasFor Presentin

pur poses, inactive materials of a |low acidity, such as silica, are
preferred bec At t RV IHY e Pr BV i< YTRantedS siee T ¥dc £Ens Ghi sty t ake
place in case as @ raqisdeemmaterial, such as alum na or 20silica-al um na
i s used. Typlcalli t he oxygenate conversion catal yst deactivates in

the course of the préce %fl@ﬁﬁ¢§ﬁﬁeﬁﬁaPpEé?%@§%%I?é@éﬁ@?a??%ﬁFQ%&hnlques

can be enpl oyegitTheLLakab¥shtparddd@srusgdehd dhe PreeessoRfdhe present
25i nvention can have any shape known to the skilled person to be suitable

for this purpod® QQﬂt%HP eaf %%@%¥b§§hﬁ-WﬁXF%%ef%ﬁﬁ¥6¢l§ﬁraﬁp%ﬁﬁed cat al yst

particles, spher@s,oiteabhnel scnsifnossiext cudates, ngf Gontihudedecat al ysts can
be applied in various shapes, such as, cylinders and 30tril obes. If

desired, spentMEXERFETRCE EBHVEF G Tn WAl aPysE O At bR Lee enef At et and

recycled to thepfocessicof, tQ?oméﬁﬁﬁﬂdd%Bou§@£a%:Qfm%&tﬁééttﬁéﬁéoﬁl|0“ﬂn9
use in a fluidized bed or riser reactor systemare preferred. - 42

Spheri t&l partPedieradrle ﬁB?nﬁl$9“6%1épﬁééeﬁycg%ﬁ%yxﬁ%@Pn@leﬁ%%$%rabIy t he

average particte, siizg s hBrihend:ange 0%, lnsr200- o pnef grabl ynp0 - 100
pm The preferred enbodi nent of step (b) "described 5her ei nabove is

preferably perfortfed istian OPC domiersioon Fene eoiprilsiving avhieh di zed bed

or noving bed, € Gnid Ak iyl dizedhedror) arf) 86F. MEACLOL £ SYHL &P
al t hough in general for an OTO process, in partlcular for an MIP process,

al so a fixed beeked et grnéish ¢ubultdellegaetopldaDenid)be used. Serial reactor
systengscan be enpgg eg?n olefidi® %%ﬁ SHPQQFH?QHmz%ﬁ%fQEg%C89W§£§iO” zone

conprises a plurality of sequential réaction sections. Oxygenat e can be
added to at | edst nnwad cgbbiiersegifentiicalcompagtiion Sedticondef1BVWherrnul ti pl e

reaction zones I d,, I o dv eously added to
the part of thggﬁfnet fﬁé?h%r§?ﬁgL%?§é %t%a?§&§9ﬁ%§§23 ?gggg Q#§rst

reacti on zone. pﬂéﬁﬁq@&éWepﬁeafEEW¥ﬂ qaatiioungs .- oxygernatre fifant he 20oxygenat e
feedstock to olghid.id the glefinie £o:beed. providedita.t bis GO conversion

zone depends on t speci oxygenat e used and nunbe reactive
oxygenZbonded adkyd fgrooufstohel ertt, ﬁpeéepabf?rQMEyn@ﬂaheraﬁngﬁcﬁrmmygenate

L?e?gfghryl?nt Hégfgﬁégtgfgi£%ﬁs ]Qa%g% 558??ﬁﬁ9&§%gT%Pége %ﬁy in the
range of 15:1 $® vit<3.
By an unsaturate is understood an organic compound
containing at least two carbon atoms connected by a
25 double or triple bond. By an olefin is understood an
organic compound containing at least two carbon atoms
connected by a double bond. The olefin can be a mono-
olefin, having one double bond, or a poly-olefin, having
two or more double bonds. Preferably olefins present in
30 an olefinic co-feed are mono-olefins. C4 olefins, also
referred to as butenes (l-butene, 2-butene, iso-butene,

and/or butadiene), 1in particular C4 mono-olefins, are

preferred components in the olefinic co-feed.



A diluent can also be fed to the OTO conversion system mxed with the
oxygenate and/or co-feed if 30present, or separately. A preferred diluents
i s steamweal2btignigtvsot her inert diluents can be used as WREIEP2010/066981

enbodi ment, the nolar ratio of oxygenate to diluent is between 10:1 and
1:10, preferably between 4:1 and 1:2, - 48 - nost preferably between 3:1
and 1:1, such as or 1.5:1, in particular when the oxygenate is nethanol and
the diluent is water (stean). The olefinic co-feed optionally provided
together 5w th therexygenal eofeedst aeket ont hiee GEQROAYBRSE OFo ZIaNE Nay
contain one olefin or a mxture of olefins. Apart fromolefins, the

ol efi ni ¢ co-f RISt di Aot T hydPBcdr bon! CorfbuAGse BEehezdfor
exanpl e paraf fifiohe aldoybaresmti cio & eaBbbe gospouUNds or a m xture thereof.
10Preferably the olefinic co-feed conprises an olefinic fraction of nore
than 20 wt % nore préferabl 9& ndte A HENC28T W9 TEYH MPYnBEeCPr et €t4bl y nore
than 505wt % whi chholbirahecf eactdon iGenshst stdndl @fricpes), died efinic
co-feed can consist essentially of olefin(s). 15Any non-ol efinic conpounds
in the ol efi ni £%-Fed@T&r 8 pt e ErdBlry 2pRFEETF ni ETEHpdGRISUTEEe t e

ol efinic co-fegsigontiaipRspany) NONsQ] tehneni(6nBYEF GERDOF, 1theseRE e 2
preferably paraffinic conpounds. Such paraffinic conpounds are preferably
present in an RERUHES i # PRENY RO TRAHGE S r snPOt 0L 8O M P Cmpf e ptlefler abl y in

the range fromG,t:@néd Whdyosti{d1dmiecpeef enablye i pdcherrapge §40m 0 to 50
wt % By an unsaturate is understood an organi c conpound containing at

| east tWo car bderstons E6KAREL et KA 25doubt &Y brl tRanslEechoAd e By lan ol efin

i s understood QIQRNAI C 3CREPRYNG contaihai ng_alhpast Jbwe.sar bon at onms
connected by a double bond. The ol efin can be a nono-ol efin, having one

doubl e bond, ore@pollyPererifd, Hrawatiy LtwoPeRtat e douldiiechbblhidsl - Preferably

ol efins present,id,30an alafibig, Corfged,are;mnosolielins. ,CA.0l efins, also
referred to as butenes (1-butene, 2-butene, i|so-butené, and/or butadiene),

in particul ar TAHOTeY-Cdletnhsye aﬁ*féi/mr_efcefﬁll@@eé@@ﬁ))onéﬁpéiehﬁst he ol efinic
co-feeg% '_44O?Fenes, n Egkggrgﬁhiuéégngé,hﬁxg ﬁf%ﬁéy%n%%nggrfgégpf%fd) 12,
ly int f 0, and b

prefera e range from3 to 10, nore preferably In e range from
4 to 8 carbon atohss Exanpreslofimid tcablfecd] viY nkerdnat omayhberedm s ned 5in

the olefinic C&Tféﬁgjﬂr%%ggg? §&Q§Qﬁyp9%98?98d g&géﬂg%ion of ethylene

or propylene.
In a preferred embodiment the olefinic co-feed
20 preferably contains olefins having 4 or more carbon atoms

(i.e. Cyg+ olefins), such as butenes, pentenes, hexenes

and heptenes. More preferably the olefinic fraction of

the olefinic co-feed comprises at least 50 wt$ of butenes

and/or pentenes, even more preferably at least 50%wt of
25 butenes, and most preferably at least 90 wt% of butenes.

The butene may be 1-, 2-, or iso-butene, or a mixture of

two or more thereof.

The process according to the present invention can

also be described as a process for the preparation of a

30 lower olefin product, which process comprises the steps

of



(one or nore of 1-butene, 2-butene, and/or iso-butene (2-

net hyl - 1- propene) ), pentene (one or nore of 1-pentene, 2- pentene,

2- met hyl -WoRot140529782- met hyl - 2- but ene, 3- et hyl 1- but ene, PaRAIPRI10/066991

cycl opentene), hexene (one or nore of 1- 10hexene, 2-hexene, 3-hexene,
2-met hyl - 1- pent ene, 2-net hyl - 2-pent ene,43-1ret hyl - 1- pent ene,

3-net hyl - 2- pentene, 4- nethyl-1-pentene, 4-nethyl-2-pentene,
2,3-dimethyl-1- butene, 2, 3-dinethyl-2-butene, 3,3-dinethyl-1-butene,

met hyl cycl openipnerandieoy eycl ghexene)rihepteneseck Uadeet engskimpnenes and
decenes. The preference for specific olefins in the olefinic co-feed may
depend on the PUPISETS ¥ he %%%ﬁﬁ%ﬂ? ZOUEN E O & e Ed26FBHuUCt i on of

et hyl ene or prepyl.ene. cbﬁpalgiﬁéehﬁﬁﬁ~%ﬁb@@hgﬁnt the ol efinic co- feed
20preferably contains olefins having 4 or nore carbon atons (i.e

ol efins), suchPhs BUERESNT pehht THESrEx ERBSS BRfe Héb@@n@%ygﬁkﬁ%?iﬁQ§ferabIy

the ol efinic fgaction Bhvthei&hedjdice, C@oﬁgﬁﬂsﬁw irs@scabnl easd [0 w % of
but enes and/ or pentenes, even nore preferably at | east 50%w of 25

but enes, and nBstClhrer OFABEY2ER 1 LO96 WE o6 O CHUEh @S ELTRR but ene may be
1-, 2-, or isosbpiang.e @bndeltXMr@ Qfl yWOouRHe Y-8 dh@k@Otonversion The
process according to the present invention can also be described as a
process for th%@?ﬁ%ﬁﬁ%@évlgﬁ DPL A BG1 G\weN SBF ePT re Priotfict CORRF ERPF ocess
conprises the s{gps o1erd4ds; a) cracking a light paraffin feedstock under

cracklng conditions in a cracklng zone to obtain a cracker effluent
conpri$Yng | owel SIBPHRASNI B EDHePBrigCant ok ygertdre eéédstdelaith an

oxygenat e-to- 30l £f1NS GORVEE SN YR oR0NPFI &I NY B Leagihon zone in
whi ch an oxygenate feeé%tock is contacted with an oxygenate conversion
cat al yst undercopgig@daré fébaver sitvh seprdptipnsa W' Bbrarhiia rordiEitsi on

ef fluent comprising, l:Qwer -alefinsin0C)kr6Qnki ning at |east part of the
cracker effluent and at |east part of the conversion effluent to obtain a
conbi ned ef {1 uekrrelandhsepaght i pyy & lionercdbeddn proddcesseream from the
conbi ned ef f| usid phenel Bnthe: 1bahty RRALEL B { earshock CORPEL sas,ot hane,
15and erein the cracking conditions in the cracking zone are sel ected
such that 60 w9 grelleggsdofuel hiares 99 Mhe Pt ghts parfafeftihanteeédstliock are

converted during,d $.n9lc@;Rassc4WQHIR Lhe L ackiNg z9R8- a single

pass through the cracking zone.



- 46 - CLAIMS 1. Process for the preparation of an ol efin product
conprising ethyl ene and/ or propyl ene, which process conprises the steps of
a) crackiwg 2a1ipareBfi n f eedst ock conprising C2 - C5 5SparafffEpeélooncder
cracking conditions in a cracking zone to obtain a cracker effl uent
conprising olefins; b) converting an oxygenate feedstock in an
oxygenat e-t ool efi ns conversi on systenl_qﬂgp[ising a reaction zone in which
an oxygenate feedstock is contacted with an 10oxygenate conversion catal yst
under oxygenate conversion conditions, orohtai n a conversion effl uent
conprising ethylene and/or propylene; <c¢) conbining at | east part of the
cracker effluent and at |east part of the conversion effluent to obtain a
15conbi ned ef f{ uentoccanrd rsepakatingancobaf bh Hr aduct nstieapreonpri si ng

et hyl ene and/ or propyl ene fromthe conbi ned effl uent, erein the paraffin
f eedst ock conpfPeRst Bt WaRelY AR VHEN S n PERBY €220k 'Y SCoRdPEEDRS in t he
cracking zone a&foselected suehs tdrat 60 wt % or | ess 20of ethane in the
paraffin feedstock are converted during a single pass through the cracking
zone. 2. Proce3s d&c¢é6kdrfgatericddiim feefRerer Nt e ieiagkiFag  cohditions in
the cragking Zé?%éﬁﬁf%ss%hagkegréﬁ%ﬂhg|&%hd§§i&%§@£H d @sSckPhef e5ablas 50 wt %
or less, of ethane are 25converted during a single pass through the
cracki ng zone. ©3:aIpr Gc €53 CREE o b FHF tto COMAF v 1NOroELisér ei n t he paraffin
feedstock conprj ses,RuUt-aRgy 4n $§ﬁ$§§§e3§§9&9&&9<H91%habg%%enéﬂgﬁﬁﬁere'”

t he but ane ~ is at least partially obtained fromthe conbined

30ef fluent. -OkFtins BONPEEEe’R ACTHNMi REIPHL IR M FeGCtAonwherei i t he
butane is at |$@§&1Qé!%&?h%MaE%“f%é&%%o@k hydrogenatdng ;@R ypsaturated CA

conponent of the conbined effluent.
10 oxygenate conversion catalyst under oxygenate conversion

conditions, to obtain a conversion effluent comprising
ethylene and/or propylene;
¢) combining at least part of the cracker effluent and
at least part of the conversion effluent to obtain a

15 combined effluent, and separating an olefin product
stream comprising ethylene and/or propylene from the
combined effluent, wherein the paraffin feedstock
comprises ethane, and wherein the cracking conditions in
the cracking zone are selected such that 60 wt% or less

20 of ethane in the paraffin feedstock are converted during
a single pass through the cracking zone.
2. Process according to claim 1, wherein the cracking
conditions in the cracking zone are selected such that 55
wt$ or less, preferably 50 wt% or less, of ethane are

25 converted during a single pass through the cracking zone.
3. Process according to claim 1 or 2, wherein the
paraffin feedstock comprises butane.
4, Process according to claim 3, and wherein the butane
is at least partially obtained from the combined

30 effluent.



6. Process according to any one of clainms 3-5, wherein 5 the cracking
conditions in the cracking zone are selected such that 98 wt % or | ess,

pr ef er ablwO2¥1MU59978r | ess, nore preferably 95 w % or | ePST/EPROIOOGE@OE | S
converted during a single pass through the cracking zone. 7. Process
according to any one of clainms 1-6, wher€in 10the cracker effluent and/or
the conversion effluent conprises a C4 portion conprising unsaturates, and
wherein the process further conprises recycling at |least part of the C4
portion as recycle-dredsteekrdngtiep dhim 8. oProcessraceorde Ngutancl aim 7,

further conprising 15at |east partially hydrogenating at |east part of the
C4 portion, tol%ﬁg%ilﬁaéﬁ P@é’é’t‘%p]a}f tqb§la11§‘eﬂy8¥g@é4ﬁ‘ig§6laé4“?eéﬂstock bef or e

recycling thisufeedsteck ta st@fodddt orf9cnPr esessmaceerdi.aget o any one of
clainms 1-8, wherein step a) conprises providing a cracking system having a
20pl ural ity of°fUFisses, 2aRA-OPeT 4t FgYaP Fe@st C ISt drnacB8Sat i f f er ent

severitses. 1fnhe RIQCRSSgac6RNtE Nthd A naRYic0RLa®fitd aidie 3r8, syheswin step
a) conprises providing a_cracking system havi nf a _PI ural i tX of furnaces,
including a fif'st? fliacé Vor @ 2516l aPréryaPight erfe@dst 8tk  puits on and

a second fur naﬁ]ﬁ‘ef&’fakﬁyr ebal;tyeby heavi er Heedsd ock pRKL08g @qﬂﬁir@er ating
the first and second furnaces at selected different severities.

11. Process actoidiHg Pesany oredbf-id &rre<ind? Mherein 30t he paraffin
feedstock conpfi s8%dYQPAREording to any one of claims 1-6, wherein

10 the cracker effluent and/or the conversion effluent
comprises a C4 portion comprising unsaturates, and
wherein the process further comprises recycling at least
part of the C4 portion as recycle feedstock to step b).
8. Process according to claim 7, further comprising

15 at least partially hydrogenating at least part of the C4
portion, to obtain an least partially hydrogenated C4
feedstock before recycling this feedstock to step (b).

9. Process according to any one of claims 1-8, wherein
step a) comprises providing a cracking system having a

20 plurality of furnaces, and operating at least two
furnaces at different severities.

10. Process according to any one of claims 1-9, wherein
step a) comprises providing a cracking system having a
plurality of furnaces, including a first furnace for a

25 relatively lighter feedstock portion and a second furnace
for a relatively heavier feedstock portion, and operating
the first and second furnaces at selected different
severities.

11. Process according to any one of claims 1-10, wherein

30 the paraffin feedstock comprises propane.



