1 PROCESS AND | NTEGRATED SYSTEM FOR THE PREPARATI ON OF A LONER OLEFI N
PRODUCT This invention relates to a process and integrated system for
t he prepawvetzoowmwsed7sa | ower ol efin product, in particul aPCrmpudiongysé ower

ol efins such as ethyl ene and/ or propylene. More in particular this
invention 5Srelates to an integrated process and system i ncl uding the
cracking of light paraffins such as ethane to | ower olefins, and the
conversi on of oxygenates such as nethanol and/or dinmethylether into | ower

ol efins. In U56049017 and U55914433 procésses are described 10for producing
| ower ol efins, such as for exanple a steam cracking process. In the
processes of Us6049017 mmd WE5SRA488, stderrefffdrugAE DRER AFn SiGRRMECRACKI Ng

process is fractionated. A C4 ol ef ] i Ql efi fraction is first

sel ectively hydrogenated to hyd%@&gﬁaﬁgﬁ?ﬁt%ﬁﬁghgiins and 15subsequently
the iso olefins in the fraction subjected to an etherfication process with
met hanol to MIBE ether. The renai qt % olefins are cracked to Io%§r ol efins
and conbined with tHE ePYFOER™ G e Ssf 8am RFAKI 1§ br 6RESE 215 t he
processes of U@@Qﬂ&@kﬁr&ﬂdeLEEQ@AABﬁLﬁﬁbE Qfl&hﬁflﬂ@¢1@|@Ebﬂh@tf[ﬁctlOn is
converted to MIBE ether. ticle "Inte g&atlon &he UCOP/ HYDRO MTO
Process into E??@ﬁ%ﬁﬁ%ﬁﬁléﬁF%”diﬂﬁ(éqﬁerEﬁ eEEng) S ‘ﬂiﬁPheEHH &' Et hyl ene

Producers' Cbniﬁdﬁﬁﬁ@no$998neDEMbﬁih@ﬁ@&rtL@@l@ﬁaﬂﬂﬁ dinseheses synergies
bet ween_a net hanol -to- 25o0lefins (MO unit and a cracker. Excess |owlevel

heat from a steam'&s 5%@F“céﬂt%9%ﬂﬁﬁkp§8ﬁﬁ56faT%éﬂﬁ%§?lFBF VapotiZtion for

t he met hanol i &rdde ddOBFHYDRG ML dfifiitns AlisH, asmaldaremeunt swef et hane and
propane produced with the |latter process can be recycled to the pyrolysis

2 furnaces to ®hharte 6VErAl'f §YRIYSIOR ProteEeHd 6w SCREnBSfor the revanp

of an existi ngm@timcﬂn@ngl/aatdﬂyeﬁMe&glea UoP) HAIRE MiQrunkt to a cr acker
is disclosed in the paper plications” by CN_ Eng et a

Asi an 50 efins and™D&rPPaePlés? %%ﬁ?@ éﬁéé3 E@?%ﬁ?%ﬁkﬁ?@aﬂeﬁéﬁﬁ9T%mntt
Si ngapoge Junerd8-gi%aut94, 188eelle S5, nsacﬁlwefd}r esenpati gnstmdked UOP,

and cited in the prosecution file of US patent application publlshed as
U52005/ 0038304cdcking process. In the processes of US6049017 and
US5914433, the effluent of the steam cracking process is
fractionated. A C4 olefin and diolefins fraction is first
selectively hydrogenated to hydrogenate the diolefins and

15 subsequently the iso olefins in the fraction subjected to
an etherfication process with methanol to MTBE ether. The
remaining olefins are cracked to lower olefins and
combined with the effluent of the steam cracking process.
In the processes of US6049017 and US5914433 part of the

20 C4 olefinic fraction is converted to MTBE ether.

The article “Integration of the UOP/HYDRO MTO Process
into Ethylene plants” by C.N. Eng et al., 10th Annual
Ethylene Producers' Conference, 1998, New Orleans,
Louisiana, discloses synergies between a methanol-to-

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



10An integration schene of an etylene plant and an MO reactor is al so
disclosed in the article "Mo O- An Alternative for Ethylene Production?"
by H. Zi mworzoams797ABL Et hyl ene Synposi um Novenber 1999 pCOHPamdos69Bt.. Al so
U52005/ 0038304 Al discloses an integrated system for 15producing ethyl ene
and propyl ene from an oxygenate to olefif ¢OTO reaction systemand a steam
cracking system in particular a naphtha cracking system wherein effluents
froma cracking furnace and froman MIO reactor are at |east partially

combi ned. 20W200H 239948AR=6iscdrses 1ayPe0gessa fofodeisedEChbings &idenfA
ol efins by using an integrated system of a nethanol -t o-propyl ene (MIP)
reactor and a StedmTradkBP, o5 AL S HREr BRRE ¢ He HradueYi 6n 519 5t opyl ene.

In the MIP reag¢wradrehape- ﬁﬁi@%\eeczf@@lklekelsIcﬁhmrc;sle@ullaruz&l\ﬂsa‘ézeEZSI S
used. Moreover, ethane and propane are recycled to the cracker.

Met hane/ | i ght 6o/ Hya& oWl P ARP bl c47ich="sP¥ eanh aft'st Sbukadi 8R&™ext racti on,

are at beast pardtihd eevcbed: o ihes MERreeast o . nButadinenechs obtained as a
product. A C5/C6 product streamis also rec cled to the MIP reactor. 30

The ava|IablI|¥§W%ﬁqu%&F0c5%5%%P?%%d%¥@c&é t/ ckttai 5 veati dhsltdh be a

chal | enge for gunid RG@%hshi NGn PhANUS Iubke sheamdackerse or can be
insufficient to build new plants of sufficient size to achieve econony of

scale. A - 3 -PHaTIqWdcar fissuel dan RGP éExaRpl € e i MURLSAPRY SUppl y of
et hane orlglna@gf@bg/dyyggogugge55|ver depleting natural gas field to an
et hane cracker. is desired to maxi m se the production of
et hyl eh& 5and/ or 5¥bﬁwﬁéﬁéthO%nﬂﬂﬁﬂ§gpétéa PFOEESS HlaegFuditAgrsthedm

cracki ng and oxygenat &-t 910Lefi fis) SRVELSLAB artic1/PETRr €SgAt 1 nvention
provides a process for the preparation of an olefin product conprising

et hyl ene and/ ok li{r@yiiene f owhk ey msc &5986hpei se §Htﬁb gtepsrudnrOa)
cracking a parﬁ%ﬂhﬂjﬁﬂ%@§t§9%p&9ﬂﬂﬁ'%b@gmggr 1 Ati s pndef) G acking

P&y
conditions in a cracking zone to obtain a craciéa eff uenf conpri si ng
ol efins; b) cOPETTI0NGSaA10kY giratleseedst dekedrrtad oxpgenatertool ef i ns

conversion systgem, Ql?peltﬁ N8 & &2 g?glé%efi&u Lo, fygeﬁgt&x&’&e”ate

feedstock is contacte an oxygen conversion catalyst under
oxygenat e convefsiion (©@3Rdi trension ¢yohtai And ¢ohvearsicorcsfhfuenitaonpri si ng

ethyl ene and/ or, pron¥l eng C)a S0l Mg k! easteparkof ;khe cracker

effluent and at
effluents from a cracking furnace and from an MTO reactor

are at least partially combined.

20 W02009/039948 A2 discloses a process for producing
C2-C4 olefins by using an integrated system of a
methanol-to-propylene (MTIP) reactor and a steam cracker,
so as to increase the production of propylene. In the MTP
reactor a shape-selective zeolite, in particular ZSM-5,

25 is used. Moreover, ethane and propane are recycled to the
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.

30 The availability of hydrocarbon feedstocks at certain
locations can be a challenge for running existing plants
like steam crackers, or can be insufficient to build new

plants of sufficient size to achieve economy of scale. A



20l east part of the conversion effluent to obtain a conbined effluent, and
separating an ol efin product stream conprising ethyl ene and/ or propyl ene
from t he wormbivsab7ef f | uent, wherein the cracker effl uenPCamk2@0/06¢980
conversion 25effluent conprises a C4 portion conprising unsaturates, and
wherein the process further conprises at 3l east partially hydrogenating at

| east part of the C4 portion, to obtain an at |east partially hydrogenated
C4 feedstock; and recycling at |east part of the at |east 30partially

hydr ogenat ed Jafeedstecksaseresyc® faadst ocke tdinstraRnahgapdhery dep b).
The C4 portion is a hydrocarbon conpound having 4 carbon atons, or. a
m xture i ncl udP Py FrédarBbn"d copsunds CRavi iyt Eat6Rdt B Hnd

conpri ses unsajad aties sSWehaascort@neandLer but adi ene and/ or
vi nyl acetyl ene. Typically the C4 portion conprises at least 5 wt%

unsaturates, in partiféuFaPiRet et HaF 110 Skt Uhe SHtBIGtHopaPti Ul arefor e t han

20 wt % 5 But eney g f Q- o@yannt e beyl-ibitenared- PN, ingQulub@Nere LI
m xt ures incl udlgcg(.tm or nore of these conpounds. The C4 portion may al so
conpri se sat ur & & dic RN Es OBVP e (bRt &he ane?Bfesiss@but ane) . I n one

embodi nent, at | eaﬁﬁeﬂ%@%&e@ﬁ 10she iGh RObLE QDS ca RR Isg0kaE edhd rom ot her

conponents of the conbined effluent, so that it fornms a concentrated C4
stream conpri sPFRPHGMII 0P T bt eOHFL ISp EEPESChavP iRy 4 108 B6RY 480%s, in

particul ar 75w 94 0fr TSy 1BREE ik RRreULEr QU %Lr (RN §red! &) Ot her
enbodi ments, the at Ie.as%/ part of the C4 portion fornms part of a m xed
stream@onpri st hgc'CFkand Ri Bherf {ic3HeedsFoca aefPhigher CEC4+%° hydr ocar bons,

such as a strg@ﬂ;@%@%h@k'&&&m | nichg s hydrocar bons -i-n; ke, fange, of
C3-C8, or C4-C7, 1n particular C4- or C4-05. 20In addition to C4

unsat urat es suebtamxedastreant tyincalcryreonpry selsfgtiver unsaturates as
vel | . By f least papt Lal é%ymt%g%@@&w&%@tirl eastxpgeh 08 _the C4

portion, valuable feedstock for recycling to the integratéed process is

obt ai ned, generiiy addiveronal GEINy| enerandlor propyiene. zAre |gast
partialby hydr&@?&?‘%n”%g&?.@né@%'%%efd&%%oggné%h@%tdéd Qliehi g and/or

acetylenes to obtain a I ona ene, and recycling butene preferably to
step b), and/o@ngﬁﬁ@@geﬁ@pVﬁgsiQp 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
20 least part of the conversion effluent to obtain a
combined effluent, and separating an olefin product
stream comprising ethylene and/or propylene from the
combined effluent,
wherein the cracker effluent and/or the conversion
25 effluent comprises a C4 portion comprising unsaturates,
and wherein the process further comprises at least
partially hydrogenating at least part of the C4 portion,
to obtain an at least partially hydrogenated C4
feedstock; and recycling at least part of the at least
30 partially hydrogenated C4 feedstock as recycle feedstock
to step a) and/or step b).
The C4 portion is a hydrocarbon compound having 4

carbon atoms, or a mixture including hydrocarbon



but ane, and recycling butane to a cracking step. 30In one enbodi nent the
recycle feedstock conprises butene, preferably at |east 10 wt % butene, and
t he recycwe 20add3476ck conpri sing butene is recycl ed to PCEEPR()10/066980
particular, the recycle feedstock conprising 5 butene can be contacted with
t he oxygenate conversion catal yst in thed4oxygenate-to-ol efins reaction
zone. Such an olefinic co-feed can generate additional ethylene and

propyl ene in the course of the OTO reaction, in 5particular when the OTO

conversi on syst&mdmdadeshgned 1 ocd:@e8l veosdehad efdpra see-feed. The
oxygenat e-to-ol efi ns conversjion system can al so conprise an ol efin cracking
zone separat e FROHhYAE SSxyHehat 2-R-3Ce PPASOT eEtd Urr " £or8Y/ @Rd the recycl e

f eedst ock i ncludiy utesaccanypeciOfiedntoct heool @fd Roabhagkindazone. The
ol efin cracking zone suitably conprises a catalyst. The recycl e feedstock

can incl ude hi £ ol &fi*nE R Be W <L A6 PEF REFINSIY more [thapnel effvodi ment

the C4 portiomgonpri seschubagh ensge andnt he Lesyd e dredahoek, conpri ses
but ene obtai ned from 5hé/drogenat| ng butadi ene. Butadiene is typically

formed much noPETH-S 6 ackPRg Sy st eMCREN RO GO/ cOAVBEEFBFESystem | n

an integrated syst@Mn@acth bragdionofinthe combined effhbuent sgompid ses
significant quantities of butadi ene. Butadi ene can cause fou?l ng and coki ng

when 20pr esent™ih H FeSPEPELSE r 8L Aetr 48E1 onS dTU itadiieRBE#3€ possi bl e,

but costly, angdndoi.al; Seeaveny) i srd @@t kvehy:soml | =01that ther &4 s not
al ways a commercial outlet. By selective hydrogenation of butadi ene, butene

is forhed thattatrbearéégel edn dze dddileir6falr PreeddicvekofMepPreBedMler si on to

et h_yl ene and pElQ@%cﬁrﬂﬁmeh“eP@Iﬁér?@,l al, te.step Prns a co-ll;lagn%atp&{ tdon
typically al so conprises butane, and/or butane can be obtained from

hydr ogenat i on ®fremsaawatesPynohe ©F porei oh. sk dlecy bheineetist ock
30conpri sing butang, Rpigkeraply.als dgast 730wt 3 ig.ane, such,as at | east

50wt % but ane, can be recycled to step a). It is found to be advantageous in
this case to sedecicullse EPatki g rcuredi tions in the cracking zone such that

97 - @5' In other embodiments, the at least part of the C4
portion forms part of a mixed stream comprising C3 and
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.

20 In addition to C4 unsaturates such a mixed stream
typically comprises other unsaturates as well.

By at least partially hydrogenating at least part of
the C4 portion, valuable feedstock for recycling to the
integrated process is obtained, generating additional

25 ethylene and/or propylene. At least partially
hydrogenating can include hydrogenating di-olefins and/or
acetylenes to obtain additional butene, and recycling
butene preferably to step b), and/or hydrogenating to
butane, and recycling butane to a cracking step.

30 In one embodiment the recycle feedstock comprises
butene, preferably at least 10 wt$ butene, and the
recycle feedstock comprising butene is recycled to step

b). In particular, the recycle feedstock comprising



wt % or | ess of butane are converted during a single pass through the
cracki ng zone, which inproves the distribution of cracking products from
but ane swwb 2bhA7978Xi mum et hyl ene and propyl ene can be PoTmPd010MN6EIRE

5i nt egrat ed process. I n one enbodi nent a recycle feedstock conpri sing
but ane, preferably at |east 10 wt % butané such as at |east 50 wt % but ane,
is subjected to cracking under | ow severity cracking conditions, wherein
but ane conversion 10is 90 wt% or |less, to obtain a butane cracking

ef fluent. Cr ackitwhefdanuent cbromdQwwsevecht yopdane Crasktngi an be used
fully or in part as feed to step b). In a particul ar enbodi nent the | ow
severity butane®'cdadb ig E8R P& EHIEVER By hddt g adie “Bufane: cotfdt i si ng

recycl e 15f eedst osketioist eantebef @it Rheabt er s @sliingthhecss eam t o
super heati ng, which steamis subsequent lﬁé be fed to the OTIO reacti on zone.

Thi s super heat PHPEER e "cbRBUE'EF T Rioh8oPT@ Sifserivéat tAg furnace or a

super heati ng zone:idhiarCQRYECEhOMHEECNQBrioR SFacki NG hHENgeLy itcl udi ng
20t he cracki ng zone. I n one enbodi ment, the light paraffin feedstock
conpri ses et hah®Seatfd SRE etatki+y Condrti onlse i ridr&atcatRir AgeZoe are

sel ected such ¢hate.60 oM YyQt oh Cam of1 0! bange L fo the dicihh patatfig f eedst ock
are converted 25during a single pass through the cracking zone. 1t has been

found that suchOTOWEEFErPt T operift B Israan— et Harfd ievaékRefFtha’s parti cul ar

advantages in amd Ntegr ahed precesSsedLadiRyi to1 @i ghekcayerah Ipconversion
of feedstock to ethyl ene and propyl ene. 30The recycle feedstock that is

subj ected to cfetKingCoRdptidngr Prefer 46N§ - cOrprasddnl es3cthanh a0 am %

unsat urates, npfe pRef eLablysbess dhah 3eWm %o Jedyri0neegbodipend, the
recycl e feedstock that is subjected to cracking conditions conprises butane

obt ai ned by fi#stluis écoheel 9lhidrogernat PAgCa 4 dhsdétison of the conbined
effluent to obtain,aparthy-Ayinoenat ed g?ﬁ?&f ld‘!ﬁr[ﬂ)tr’iségdblgy{)&irber{e,

hydr ogenati ng the partly hydrogenated C4 uent to convert butene to
but ane. Taed | theereicga L aof eodaro g opindessan huiteegr abedisgstemf or t he

preparation ofy, g, 0l ef1.0 ; REOAYEL o CAMPT 158} 0g; ELOY] £n&, AndAey PLopyd ene, which
system conpri ses
much more in a cracking system than in an OTO conversion
system. In an integrated system, a C4 fraction of the
combined effluent comprises significant quantities of
butadiene. Butadiene can cause fouling and coking when
20 present in a recycle stream. Extraction of butadiene is
possible, but costly, and total recovery is relatively
small so that there is not always a commercial outlet. By
selective hydrogenation of butadiene, butene is formed
that can be recycled as additional feedstock for
25 conversion to ethylene and propylene, in particular to
step b).

The C4 portion typically also comprises butane,
and/or butane can be obtained from hydrogenation of
unsaturates in the C4 portion. A recycle feedstock

30 comprising butane, preferably at least 10 wt% butane,
such as at least 50wt% butane, can be recycled to step
a). It is found to be advantageous in this case to select

the cracking conditions in the cracking zone such that 97



10a) a steam cracking system having one or nore inlets for a paraffin
feedstock conprising C2 to C5 paraffins and steam and an outlet for a
cracker ewvDl20ams7oenprising C2 to C4 olefins; b) an oxy@gemaresmwosedBef i ns
conversi on system having one 15o0r nore inlets for receiving an oxygenate
feedst ock, and conprising a reaction zoné for contacting the oxygenate
feedstock with an oxygenate conversion catal yst under oxygenate conversion
conditions, and an outlet for a conversion effluent conprising C2 to C4

ol efins; 20c) wyiK-1uRsSEEt bR rargedntort ecede mt al easyipasdsof the
cracker effluent and at |east part of the conversion effluent to obtain a
conbi ned ef f | UEMECUEhe NRoFRETH R AIENn U8APEI ST £ 5séparati on system an

outlet for a |ewerrighefibn productk Sl eapuuand a-dydhegesatihen 2dunit for at
| east partially hydrogenating at |east part of a C4 portion fromthe

combi ned ef f | UBFHELHh SShYI-80e f dpd é%?oéjtylleéésfialbak?%lfﬂm?dh&ar Bbyenated C4

f eedst ogk; and;peansdfQr preeyssing at least part of the at least partially
30hydrogenated C4 feedstock to step the steam cracki ng system and/or the
oxygenat e-t 0- ol ef iis F®6nFBPITHrEEy st &fRCYCle faHEGanfe BRI TS now be

di scussed by way: ffe exapkeably Y e detaib, W th,rafeienraeatoat he draw ngs,
wherein - 8 - Figures 1-6 schematically show vari ous enbodi nents of an

i ntegrated systemtand précessandy accsr@dreecdi th tekilinge Rt ion. L Mef er ence

is made to Fi g Lo SROWERNG EdABT 1 09 s6MHRdE OB Afandn chptegs aded system
for producing | ower olefins for conducting a process in accordance with the

i nvent +on. is THe Wttt egr ated syst@hatnconprtaes & ackaeri A§fsySttem 5, al so

referred to ascCiacker -2r1806: aﬂ%ﬂ%%“%@e&?ﬁy ]J&Péa%fe' RS ACTQ canversion
system 8. A light paraffinic feedstock is fed via line 10 to the steam

cracker 5. Preferabid ftRevcpacks mprsy sisedrpd bm widtake -cAacker, and the

light paraffi %&rtﬁ%‘%ﬁ%&%lﬁbbéuﬁ&@tﬁﬁn%w%&ééiﬂw Jugedst QEgckf%d
preferably conprises at |east 50 wt % 15et hane, preferably at |east 60 w %
nor e preferab|gaqube achieved by adding the butane comprising recycle

15 feedstock to steam, before or after subjecting the steam
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
in a convection section of a cracking furnace including

20 the cracking zone.

In one embodiment, the light paraffin feedstock
comprises ethane, and the cracking conditions in the
cracking zone are selected such that 60 wt% or less of
ethane in the light paraffin feedstock are converted

25 during a single pass through the cracking zone. It has
been found that such low-severity operation of an ethane
cracker has particular advantages in an integrated
process, leading to a higher overall conversion of
feedstock to ethylene and propylene.

30 The recycle feedstock that is subjected to cracking
conditions preferably comprises less than 10 wt%

unsaturates, more preferably less that 5 wt%.



| east 70 wt % Ethane-rich feedstock maxi m ses et hyl ene production. Water or
steamis also fed to the cracker 5 via line 12 as diluent. Steam cracking
will be dvecos#s®d7sn nore detail bel ow. 20An oxygenat e PeedPe@okedosofed via
line 15 to OTO conversion system 8, for exanple conprising methanol and/or
di met hyl ether. Optionally, a hydrocarbenistream and/or a diluent are fed to
the OTO conversion systemvia lines 17 or 19, respectively. 25In principle
every known OTO conversion system and process can be used in conjunction

with the present imventi eApoineditditng Reegesses-dknawrkasnhbet hanol -tod efins
(MO and Methanol to Propylene (MP). The OTO conversion system and
process can f of Wei&ihice tBeCa? At BOAXE 64805 i AOWBZEES 5888304, i ncor por at ed

herein by refegenceeOhyas:disclosad iiva1VWR0O L3948,y Lneor pesated herein
by reference, WO-A 2006/y020083 i ncorporated herein by reference, or as
di scl osed in afy 0t (IECHUBHI ehat 1Y Lo9obtayN g anidw, NYABCFE Mt rann

identified in @Aﬁ]eef_iﬂlture(?lfﬂl;lcbﬁﬁYflﬁ)@ﬂerh@l?%f%?@@é(@ingﬁ'ﬂhei Reerperated by
ref erence. Another particul arl %;gsw tabl e O conversi on processes and
systens with spEtitideadfant ageslHe 5di SENB3ed HH W2007P1350%2,

W2009/ 065848, WD20Q9/:0688¢7on aRsl g9 WPZ009L 062875, MD2009/ D840,

W2009/ 065855, all incorporated by reference, in which processes a catal yst
conprising an BPurMifosreréatelor Fedl i€ thavPHe Hie- A wERSEBAal 10- nenber ed

ring channel S1e%$ﬂhé’}1% ehef/bpi gr JQeesdfeednand/ ofsfaewcherfiged is enpl oyed.
Preferably the O conversion systemis arranged to receive an olefinic
streamOand abtk t% s&aeds5eChpard iMACPrcBAVErY UM PTsPEEAN N9 DAt cul ar a

stream conpri sj ng, G4 fQlefbBgst & O etdry-8Rengnds oF, Ri-ppylene; nL nylpone
option, the recycle feedstock can be contacted wth the oxygenate

conver si on cat at§a&t, angd par ereldtart s aacokekeni et fcloegedorpr i HEn®Xygenat e
feed, in the oxygepatelq;alefins reaction zone, see for exanple

W2009/ 039948 or W2007/ 135052, WD2009/ 065848, WD2009/ 065877. The
200xygenat e copveral oxveanatrgstoin afiing eaneeps efrersatsicygne ohpyi e sorEn

al um nesi l'icatg, 140 paryledl a5, arech‘e%'viitn?- ahNoanosher, %BFBQE'OEPP and
oxygenat e-t o-ol ef i ns conversion system conprises an ol efin cracking zone
downst r eam f r opertthe sgxggenatect pepl zfhieng or eaen f ot izeng handxageadiged to

or oxample in US 5 B00. 557 o USBU0E) b100667  ana The Tecyile T oedst otk i s
fed in this optxwrenaset kenvkefion craackitngnzonand Sui tealyllet OTQr conver si on
processes and sysfens W Lk -be. i seigsadshy 39D & fepaid; bel ow
20 c) a work-up section arranged to receive at least part
of the cracker effluent and at least part of the
conversion effluent to obtain a combined effluent, the
work—-up section comprising a separation system, an outlet
for a lower olefin product stream, and a hydrogenation
25 unit for at least partially hydrogenating at least part
of a C4 portion from the combined effluent, an outlet for
an at least partially hydrogenated C4 feedstock; and
means for
recycling at least part of the at least partially
30 hydrogenated C4 feedstock to step the steam cracking
system and/or the oxygenate-to-olefins conversion system.
The invention will now be discussed by way of example

in more detail, with reference to the drawings, wherein



In the steamcracker 5 the light paraffinic feedstock is cracked under
cracking conditions, to produce a cracker effluent conprising | ower ol efins
in line 280 20111037975 In the OTO conversion system 8 Phe/FFy108n@BeE
feedstock, and optionally an olefinic co-feed (which can be partly or fully
a recycle stream, is contacted with amn éxygenate conversion catal yst under
oxygenat e 5conversion conditions, to obtain a conversion effluent
conprising lower olefins in |line 25. Ef fluents from cracki ng and
oxygenat e convel§iy negdstheher W1Ked supwi Bapl ey dndposiepanat eoandh purify
vari ous conponents as desired, and in particular to separate one 10 or
nore | ower ol efPriRIGGGUcY SEET et PIECGEFe . YRS ReatPcalffy a comon
wor k- up secti ongvaMtiiGhh .recei ves and processes at |east part of the
conversion effluent and at |east part of the cracker effluent. Typically,
in known steam cr &KicAGRa8 WelTads TOTE¥8pf obesEEd’ i ithé éfFfluent is

quenched in a ghenchditi brwhhhi guench oedi ymsuedr asombehg 1&wOF der to
first cool the {)rolcess gas close to ambient tenperature before it is fed to
t he conpressor®lei0m IF6W FEPYACSHRY [ PrE6RPE e8s GFCTYATECSI Vet and e ower
power consunptig@ndueto reduced gas 20vol une. O her benefits of a quench
unit are higher conpression efficiency at |ower tenperature and
condensation of wathér JP&PEERTUPSTIEEN of COHRL £ PraeSSECRLBY NtYSLSA t h

readily condensabl g hydrecachon, companents thainars, fereed.to syml |l
anounts. Any liquid heavy 25hydrocarbons are phase separated fromliquid

wat er ahd sepa?&tielng r(@cevefedve VY syetsteam 4 riotthe@agaénthi@nit can be

partial ly recygledasdijkuept 0, tihe Cracker fdinel2).apdiorsto the OTO
conversion system (line 19), optionally after treatnent or purification as

needed, 30e.g.FProfqrerove tbat arysting mestevapdurn corporenrscatt eraflench are
typically sent {0 @& §QMPLEssEON: SELId LR, RUDL ect ed 1.0 A -caPsti g ypash

treatment, dried, and sent to a separation systemincluding a cold section,
S0 as to obtai FesEFarcdt e astlr eambe oo ivaicameohpon erit sheabitgdPewlls shows

hydr 09%@ stream3g,c | ip%{é%}e/?QQ?y st el%@sgg(abym%?'rﬁc}’ré %‘E'e‘ﬂ@k%ﬂl réé‘a”e and/ or

CO, ethane stream 36, ene stream propane stream 4 opyl ene
stream 42, a (Hedst ridamtd4, Eah@Os-sitdhedred8toandnaxiwdsers efhviem 50. There

can al so be a ??&ﬁ[@éi HOURLEL, TOr heayy ;¢! Eiﬂ%'é\j‘\%?@f%g;r Qgar ppns, {nof  shown) .

The C4 streamis a concentrated C4 stream e under stood t hat
separati on canvbe dorduét ed differentdtpamsachckivad voért @endsscessms! ar e
10conbi ned, orilg %5&”@%‘39@8&1&9. can be carried out, such

20 An oxygenate feedstock is fed via line 15 to OTO
conversion system 8, for example comprising methanol
and/or dimethylether. Optionally, a hydrocarbon stream
and/or a diluent are fed to the OTO conversion system via
lines 17 or 19, respectively.

25 In principle every known OTO conversion system and
process can be used in conjunction with the present
invention, including processes known as Methanol-to-
Olefins (MtO) and Methanol to Propylene (MtP). The OTO
conversion system and process can for example be a as

30 disclosed in US2005/0038304, incorporated herein by
reference, or as disclosed in W02009/039948, incorporated
herein by reference, WO-A 2006/020083 incorporated herein

by reference, or as disclosed in any of the publications



as on the C5+ fraction or the C4 stream For exanple, a concentrated

but adi ene stream coul d be provided such as by butadi ene extraction, which
al | ows t owprotes97but adi ene separately. It is al so possiPbrEPeéIanctse C4
15stream cont ai ns heavi er conponents, such as C5 and/or C6 conponents. Each
streamw || have a purity as desired anrd9can contain a certain
concentration of other product conponents as contamnant. It wll be
understood, and this is discussed for 20exanple in US2005/ 0038304, that

cracker and oxygenaf e voenvenrsi oiefdduent sesans bey conbinaed at vari ous
stages of work-up, such as before quenching, after quench and before
conpr essi on, otMAFIBICTOGHPPRESI LS EFERVEF the F1FIWERESSEr BY conbi ned

bef ore quenchi Agre.c81dal AnPERELSSaASSLERS 1§ UEH: @8y 1G0RITongbheat s exchangi ng
can be carried out on one or both effluents separately. Preferably it is

not required tBFPFISFde 2apPY HEPYS fHdct SBRAEBEC fHHVAEaPF ScdRponent s from

cracki ng bef org: & qrenchnt Q¥R 7 MisHsizs WBeo6ases yhen aosubbiciently 1ight
paraffin feed is fed 30to the cracking section. can be advant ageous

| t
to recycle at #eAstlpart26P°¢4r? ol QA0 88 Ei t HEX00RE0EP ARk iy lsystem 5

and/ or the OTQ Siten system.&ndet haneyhitomdides38si 8 cadiyst
preferably recycled as feedstock to the cracker 5 (to line 10), and the

et hane conpri sedtitdme éPatkeriTeed tRE&E RAsZemeoivériédd asewel | as

et hane cont ai ned,d 1y ithe 10TQ comver&i onnef Ehugmt s Oational byeal $o. sone or
all 5propane fromline 40 is recycled to the cracker. In this way

addi ti 6hal et h§Perrecarddppopyteriels sesbt apnedPle¥etan al so be desired to

recycle part of |ight-.ends, an obefidGeCal A= sldreamsandlon ay (Jf C6
conponent to an OTO conversion system 10Typically, both the steam cracker

effluent and thecOTO conversivhc system efPfuente id latcérealn C4 species, in
par ticular including yunsahyrat ed, 4 &Q%%h?sinl?%tcﬂ’c%qﬁ%r aeffluent will

typically contaln noré butadiene than the rea effluent. Both effluents
typi cal | y 15coneeimissmdené, candins quantichylefie bindive, propylehgurer 1 shows
the C4;stream 44 is,Hejng. fed & hydragepat i on, ynd t. 94 .LLashall be
under stood t hat on y pélr'ttog %%1%04 spgc?’es }iEn (ﬁle CoNDi ﬁgg effTuents 22
and 25 need f oflm theastegsanrddyeamicdnt lvatadyher obutdeettisudeanss 20f or C4

speci es can be,p Pivrij]%e o-FBed PLEHES I g%H‘QQQi PN, i%“?%tea!?&%%&é’te@ I, i e.

90wt % or nore, of a species are c ined 1n the stream I'n the unit
54 the stream 4d-dlehydr ogenated amrtch aesoliprecofmdiyrdOgen? /ane eh at | east

partially hydrogenatgd 4sheedstOad Rs5848, w02009/065877. The

20 oxygenate conversion catalyst in this case preferably
comprises an aluminosilicate, in particular a zeolite.
In another option the oxygenate-to-olefins conversion
system comprises an olefin cracking zone downstream from
the oxygenate-to-olefins reaction zone and arranged to

25 crack C4+ olefins produced in the oxygenate-to-olefins
reaction zone, as for example in US 6,809,227 or
Us2004/0102667, and the recycle feedstock is fed in this
option to the olefin cracking zone. Suitable OTO
conversion processes and systems will be discussed in

30 more detail below.

In the steam cracker 5 the light paraffinic feedstock

is cracked under cracking conditions, to produce a

cracker effluent comprising lower olefins in line 22.



250btained in Iine 56. The hydrogen can at |east partially originate from
the cracker 5. In accordance with the invention, at |east part of the at

| east parwOabioshyrdr ogenated C4 feedstock is recycl ed t @CTHEP2€0M6(980g
system5 (e.g. conbined with Iine 10 or fed separately 30into cracker 5)
and/ or the OTO conversion system8 (typitaldy via line 17, which can be
conbined with line 15 and/or steamline 19 before entering the oxygenate
conversion zone). Respective options for recycle streans - 13 - are

i ndi cat ed by dashed lthaesTS7gcangd S8 s\Weanr ecyd igqgtaatbe OTO conver si on
system 8, the recycle streamcan be a co-feed to the OTO reaction zone, in
an OTO react orfe945tC4ff-aP88 Bt HFEed £8 alehtat GG t6ret itHherack@hg zone

Sdownst r eam f rgenghe 19xygenat ey tO-Qlsldins st eashj on o aSHbb aplwn cat al yst s
and conditions are described in U56809227 and US2004/0102667. Catal ysts
i ncl ude those OMPYIETRGSzEBITET T HolEEal¥P T sPelds BWER"a5CMFI - type, e.g.

ZSM 5, or MEL-tpRsr 8.9 cZ5M dilonds Welb:asn 10Basaldiac andsihd calite 2.
In one particul ar enbodi nent, the stream 44 conprises a significant

quantity of di “gMEFivis LA pareteui™er Putdbfene: A significant quantity of

butadi ene is for exanpkerat rieastr Lxkinit %.8f o bpiadienechiet beoStiam in
15particular at least 0.5 W% nore in particular at least 1 wt% or at

| east 2 wt % TH? SP§ STAFFPCHPI Y thieledade SEPEhetTAt Pedmt 44Vebhpii ses

substantially abdporsih as 90sWI4,01a DL, p9F c LhusRedeschhrfhe Gabined
effluents 22,25. Cracker effluent is typically much richer in 20butadi ene

t han OTO conve?sitit efiogenplef i parradeGrar tepdiodi mensestr eapvs4 can al so

be a butadi enesantighed st r eamsheh w%%ktfé?%é&{‘ﬂorf,r Qmianbutadiene. _
extraction. The stream conprising a significant quantity of butadiene is

subj ected to s@Pedriaseshgdr agehaditoPaZS5coAdE ¢ or T shydr 6§ehation unit 54
in the presencg,pf,hydrogep.and,a hydregenali ops Gatal yst, to convert

but adi ene to butene, but preferably m nim zing the hydrogenation of butene
(contained in the T™isetéam andiorrhypdesgenat¢lompregduets &8 didut adi ene)

to butgpe 30Syisahleprogesses (gl such,selectine hydcoganalion.{al so

r
referred to as partial, mld or sem -hydrogenation) a & known in t art,
and reference fisermEda sy upaguef axargiles t onDerddren,o Mikst" Sepkctliave

hydrogenati on ﬁ%%%é§§jg%g Emgsé éé’émbient temperature before it is fed

to the compressor, to allow for a smaller compressor
frame size and lower power consumption due to reduced gas

20 volume. Other benefits of a quench unit are higher
compression efficiency at lower temperature and
condensation of water vapour upstream of the compressor
jointly with readily condensable hydrocarbon components
that are formed in small amounts. Any liquid heavy

25 hydrocarbons are phase separated from liquid water and
separately recovered. Water or steam from the quench unit
can be partially recycled as diluent to the cracker (line
12) and/or to the OTO conversion system (line 19),
optionally after treatment or purification as needed,

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



refining of petrochem cal raw materials produced by steam cracking” (1986)
Stud. Surf. Sci. Catal., 27, pp. 613- 666, to WD 95/15934, or to US4695560.
Typi cal | ywet2011¢8347590 wt % of but adi ene i s converted to par@are)10a6c8d ess
than 5 10 wt% preferably less than 5 wt% of the butene, based on butene
in the feed to the selective hydrogenatilon,-is converted to butane.

The effluent from sel ective hydrogenation is a C4 feedstock conpri sing
butene, and butene is a desirable 10co-feed in oxygenate-to-olefins

reactions, in paidiCWepbriet ferMHR RIF0GESE ObmpdhehtRr.06€§8ré N1 Whi ch a
catal yst conprising an alumnosilicate or zeolite havin one di nensi onal
10- nenber ed ri WP EhARNEPEE N aftr " ol%ef LAPET cofeet &nd) of FERYet e F eed i s

enpl oyed, and {scnecye! edchanéahd g TOY. ethane | 4t @angt b@r ephedient
stream 44 conprising unsaturated C4 species is subjected to nore severe

hydr ogenat i on Eorfth’t i°dns PFAPERE tST£aN }0r hBr presEtce Ry dfogertand a

hydrogenati on gatalysts, socthatchubenes asq20wWeldeasranychut ggi ene are
substantially fully hydrogenated, and an effluent rich in butane is

obtained in |iFeB6.Ca5ueASE Bait anRHatéhes PREART Cef Bevdcyeied s f eedst ock

to the steam ckaekflaBovka (hbhesisid) Senaschosohial n addibhenal - stdyl ene
and/ or propyl ene. 25Subst antl ally fuI | hydrogenation is whereby the C4

reactor effluent Tomedi-ndtarilbl 8P MrEGACERPH atidn TPaT Ak 98 oF 2T &3,

preferably 0. 1w dessrrbasedon dehaknhydrocarbons anthe-ef fl uent, and
is achi eved by adjusting the hydrogenation conditions such as parti al

30pr esstire rat FFRINIYy dPEgERT Elocol TS LAt hiel IBRIrcegeEn&ati Rt r edtttor . When

feeding a CA4 portd pn @ cheedstock,t Q@ reraskety ddy i $RT @LQ&%@Q that the C4
portion or feedstock is substantially fully hydrogenated In

yet anot her en%@ﬁ@@?éﬁtate%bv\haqihefﬁ gureag, chyd dgenaivedetssedt raied out in
two steps. A fy el:eqk| ¥§ Pé{éirfﬂgqen%'l% §E§<9wé rtdagrorcggszone_ >4a is used

t o hydrogenat e uta iene to utene and part of but ene-enri ched
ef fl uent 56a i@uvﬁtweeéeaér@beheed[tvil& kilpe B@Si‘ﬂdﬂt%éh@ﬂfotb@n@‘ér sion unit

8. The,gemi ”d&!lhéa?m $hbi-g¢ted Qvlseerv%ro?npﬁxgwge”sa&dho%s' BsSELQNG. Zone 54D,

and a butane-rich streamis obtalined In nd at | east partlally
recycl ed via | ¢orec@®nite -t Reckt samasr acker hgve A medléefd a§t feahrot Jrbduct

stream 56c¢ can ey hgégw an sept.to an LPG
pool . It shal IC%l o earl ttﬁ I dqe5| re% 6{3 or pro P streans can al so
be w t hdrawn i¢ordemiargd Bromphiqesiaqt.or 56a (not shown). In one preferred

embodi ment the cragking,step. . ARcnductgd. Al | QW SQUELLLY- cSeverity is
sui tably defined

20 example in US2005/0038304, that cracker and oxygenate
conversion effluents can be combined at various stages of
work-up, such as before quenching, after quench and
before compression, or after compression. Even if the
effluents are combined before quenching, certain process

25 steps such as cooling/heat exchanging can be carried out
on one or both effluents separately. Preferably it is not
required to include a primary fractionator for heavy
components from cracking before a quench tower. This is
the case when a sufficiently light paraffin feed is fed

30 to the cracking section.

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



by the conversion of ethane in the | ow paraffin feedstock in a single pass
t hrough the steamcracker, i.e. the ratio (by weight) of ethane cracked to
ot her prodocos/@amdst heref ore not present in the effl uenPCTEra@anecdswn t h t he
20ethane in the |ow paraffin feedstock. A severity of |less than 65 wt %

et hane conversion is regarded low, in parzicular a severity of 60 w % or

| ess, and a very low severity is 50 wt% or less. It is known in the art how
to adjust severity (conversion), which is mainly dependent 25on steam

dilution, coilpeutd.ep1Rressyrecand resudenee to Mend rrbhecer ackidig zone, as
wel | as tenperature. QOer ating the steamcracker at |ow severity has a
number of advahtyes) AP ol Sttty CoRE §F ett!iaNG yrEs et hftehe i s

hi gher, and | esgatbyrfr edeehscaf & f ardmeda 1 ThE Sc 3 desichabke 1M aider to
convert the val uabl e et hane feedstock t o maxi mum et hyl ene. Anot her

advantage is tAH tHEerstar sefe&itvi WtPSH@lE@%WPmSI 8fi fsli ncreases

with degr eaSng@ It Yom @Bﬁ'etmtﬁ QBthen of e cralfer. preducts like
nmet hane and ecreases. \Wen butyl enes can be recycled, in particular to

the OTO step, THe Gt [dORTEr STIONI Y Ry PERRBY AtRP ﬁrso@}altéﬁ@eijs Xid sed. In

a stand-al one gthane clackes, @ ﬂic%‘i‘éa@bﬁ-geof_)flﬂ;ﬁﬁr aklaRg 8at | ower
severity is that the effluent contains a rel ati | ar ge anmobunt of et hane

that needs to DeeKEpar &léd4andt F&y Aneéd ot o2t he/ & mpnepﬁc%a@m fFa he fuel
and capital regyiysment, Rek-Lpn of ethylene. In an integrated system of
steam cracker and OTO conversion 10reactor, however, this can at | east
part|ylbe corrpensﬁy@dCﬁﬁli/acl?mﬂhd?cheﬁﬁ@eé@nﬂ?@@%}f% dftfugent anhavies typical |y

a hi gher conceptd atdon . Qfi ogt Byl &g Lampaned, 1 o) thecancent tatlons of ethane
in the cracker effluent. The conbined effluent therefore has a hi'gher

et hyl ene/ et hang? I5Hlignlpat Loct ima Wesgtackeed €4 [@sties. TheThat can be a
particul ar advan age. \M}%luén?tﬁﬁﬁ Ccry%fi‘&%rnﬁ' @&'&téﬁq neyanped. by, addi ng an

OTO conversi on system exanpl e et hane feedstock supply to the
cracker di m ni sas t@@ﬁaa@du@fﬁomjéipl eprirbne bf lee it Gvalic2Doby associ at ed

gas soytce, |ower, sevefi opglg(@té afnltl§$/ ag]llg afdicreases the ethyl ene

yield and at Ieast partl a 'y conpen at es oss of ethane feedstock. In
addi ti on, synergy ameki fsshpes dtﬁaalcﬁledttﬁ@m theld medgratedntevia h an OTO

conversion Sysﬁ§ﬁ@oé§ﬁét§oﬁtﬁgfk 54, It shall be understood that only

part of the C4 species in the combined effluents 22 and
25 need form the stream 44, and that other outlet streams

20 for C4 species can be provided. In a preferred
embodiment, substantially all, i.e. 90wt$% or more, of all
C4 species are combined in the stream 44. In the unit 54
the stream 44 is hydrogenated with a source of hydrogen,
and an at least partially hydrogenated C4 feedstock is

25 obtained in line 56. The hydrogen can at least partially
originate from the cracker 5. In accordance with the
invention, at least part of the at least partially
hydrogenated C4 feedstock is recycled to the cracking
system 5 (e.g. combined with line 10 or fed separately

30 into cracker 5) and/or the OTO conversion system 8
(typically via line 17, which can be combined with line
15 and/or steam line 19 before entering the oxygenate

conversion zone). Respective options for recycle streams



25al one cracking systemin a situation of |ower ethane feed supply, the
product work-up section would not be used to full capacity, since |less
total feenototksmyal d be processed. Moreover, the rati oPofi/Erad1abéso
products to unconverted feedstock being processed in the work-up 30section
woul d change unfavourably when runni ng-al3 ower severity, increasing the

wor k-up cost per ton of product. Wth the OTIO conversi on system bei ng

i ntegrated, a conbi ned work-up section can operate at higher ratios of - 17
- products to ancomerdedaf ppdsdiacda 1lineaddidi oy TApasGhky tbaychas; become
available in the work-up section of the cracker can he used to also work up
products from the-BTOTORTBY ST DIy St5eRM Lowelrt g Tie SsEVerfty°Ht e st eam
5 cracker operatdi®rreabesns oo reamdion B convensioan ebhtuent 4o be
conbined with the cracker effluent for work-up in the existing work-up
section of theC®dt HHM® Orackéred viHerdeiGd tRL YF §C kbWt KAECEhBI cHMPT essi on and

col d segtion pagtssdnt RecnDste CaRIJRlcbntensive andLetherefore, typically
nost limting el enents. Anot her di sadvant age of operating a

st and- al one et FaHe ' UrradREFLEBTT oWt SEFFILPYS| - HESFHESEnét gy consunpti on

for firing of ghesdurnacaapgs2eid toQf2cethykepg: product-1i,ner eases, due to
the larger recycle of 15unconverted ethane. In an integrated system

however, that e?®atied nCosAPEbELBeHRGILEr eheYeyy FiitegfatF ontYPey one

enbodi ment, supesheahed steam: ] {0t addiition 10 4he GTO conversion
systen1é|ine 19)" can be generated in the convection section of the cracking
furnacé? | n thPerodase addsepht@t’etfh red heater for OTO steam generation

or superheating i%x{%g%iFggtiéﬁigﬂ“%ﬂﬂ66@ﬁ8§§,aﬁﬁétéﬂye%%|MX PRV ded wi th
tube banks in the convection section for generating superheated

hi gh- pressure stebmifsgehtaguattino Bardl -byesuper Heariang I ARGAT pressur e
Stea”‘generateguéﬁﬂﬂkﬁidﬁ.%Bﬁniﬁﬂﬂﬁﬁeqh@n%?@ytéﬁﬂﬁﬁ%bihh e; exghanger. OTO

conversion systens typically require l'ow pressure steam (less than 5 bar),

therefore a | owprEssute leabe bahktiowltdbstpdabty e thestarted, i t he
convectson SeC%%PJ‘ié%ﬂaQr qduce. St & af. s Rﬁ?@e{ﬁ%&[ﬁcﬁ%‘ia r§8SHL£:1aS
e OTO conversion syste

requi red 30in m This option is shown in Figure 3,
where a | ow t ehperiat wreflohepsessurtes .sfféam is feeiadaldyl iche 6ds¢ olthank 66,

so that Stea”‘é%%'ﬁ%?%%@e%h hh”Sbﬂé%ﬂ§%sp%9998§9%151%y3allYeEu@hfyéﬁﬁ?r

advant age of operating the steamcracker at Tow severity Is obtained in
case a 4 feedstock;, moreparti ctl arediwsane, thg conlfieddvetilethahe to the

st eam cr acker ., The, bytane cap. be, &/ 90V ¢hB1 511 BAM.APYLEAP 1 principle as

wel | cone froman externa
20 butadiene than OTO conversion effluent. In particular

embodiments stream 44 can also be a butadiene-enriched
stream such as resulting from a butadiene extraction.
The stream comprising a significant gquantity of
butadiene is subjected to selective hydrogenation
25 conditions in hydrogenation unit 54 in the presence of
hydrogen and a hydrogenation catalyst, to convert
butadiene to butene, but preferably minimizing the
hydrogenation of butene (contained in the C4 stream
and/or hydrogenation products from butadiene) to butane.
30 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



source. The product distribution from butane cracki ng changes beneficially
at |lower severity. Generally, it is well known that butane cracks easier

t han et hawie 20ndsr97she sanme cracki ng conditions, i.e. buPamE&EPe@OWesIsd on i S
10general |l y higher than ethane conversion. The cracking products from

but ane are nore diverse than cracking protucts of ethane. Lower severity

i nproves | ower olefins yield from butane cracking, in particular the

conbi ned et hyl ene+propyl ene+butyl ene yield is increased and by- 15product
formation suchr@ﬁlmgh@rﬂepaaeo@éémi@1d@@mea§e@lrlaTlm prasckheppdsiddronal
benefit of reducing heav drocarbon load in the sunp _of the quench unit,
whi ch typical | 73555 &19?%? ake'd n $Hé -absénce?'Gil -a ﬁr i mBPy {ff‘%ctl onat or .

This is a particdl alo advanyages whenr 20bukybeneso arggieeyehedct oeddte OTO
conversion system for conversion to further ethyl ene and propyl ene. These

advant ages ar e’ o8t prroRghAEES S ofS iI9EVBEFaAelC I'88-Bifr aR8has®a Hetdency to

crack into propylgne andrtundesi red) cihhanges Atod QWRI LSeYRE] tyasddi s
cracking reaction occurs 25relatively |ess, and relatively nore

i so-butyl ene i S fIOHTREE 1RhiFBR £ B 6@8cé§%%@F%ﬁ%t?ﬁ%ﬂ@@ﬁ?é@éo?ﬂ #h OrO0
reaction step.convertERese 8dvamt ages can already be realised if the
severity of butane cracking is such that butane 30 conversion is 98 w % or
| ess, in particul dP9PIMoeor fe¥s Sohsceiva PettITuiIcarc951t & @t | ess. Such

but ane CraCk'”ﬂa§%¥§k&1b@§p9§@1@f199%%@“99n80&ﬁﬂﬁkﬁﬂl|%.8@Ebr§@94ylng | ow
et hane severity as discussed above. Even - 19 - nore pronounced advantages

can bel®bt ai nedlafedbwnbarEgeNTonVeErSilendnaf r 9Ok Tpsor 1NeB8rt ¥G14&04 or

lless, 60 wt % of,lgss.urenpParLicular; pQ W05 | £55,mi38Vear bLyapfsbut ane
cracklng is suitably defined by the conversion of butane 5feedstock in a

singl e pass theough g eraeking ¥ond.cate or suehldtowhegaver sion of but ane
is difficult tg;f 'd%%l'@oaméﬁbé§§9kﬁﬂgsbhgﬁﬁéﬂy %hkﬁa%tgﬁQﬁlﬁﬂca cracking

furnace, since ethane conversion wi |l bé substantiially [ower, so that the
advant ages froﬂ@+ﬁﬂﬁ¢b@@éﬂpryr%ﬁﬁﬁkﬂ|ﬂﬂ¢dl@éoem@iox&ﬂAM@H@hlﬁhée@wnﬁqq<3na|
effort for et T€&yGhi,ng. Therefore, in a particular enbodi ment, a
dedi cated cracking unit for operating at |ow butane cracking severity is
arranged, which cdhl@@O@bera@@@pQﬁme@tde§tr@@nbﬂ%aﬁémééﬁ¢egsion e.g. at

90wt % or | ower t;é%k%guggegp@$ %§J£I§§bﬁé &ﬁq&%%gg~ %899 a2 | ow severity

but ane cracker can in a particular enb irectl y into the OTO
conver si on unibydikgamee i4nshowsi @l qar tincuhar Wy iof Uh@ppeﬁEﬁm¢$mpﬂln s. The

enbodi nent in Fi 4 _al.s , at n 4 d 2054b
i ke the enbod|¥é§§§%§=a%9 gr%§§4 Aﬁ%v%é@tg%g%?§%$ %1 Igg%?(%%%ﬂ?ron1the
second2hydrogeWQ&1(ﬁ$ p@ﬁebﬁﬂbdlemaﬁawedswbathnneaﬂﬁy\ﬁwihystean1|n line 74

bef ore t hat st§q$1 r%%ggrhggﬁqg% qﬁﬁﬁ%ﬁrheagﬂngjfur%% elZSOgga qjdesired

t enperat ure for ng to conver si on
in line 56. Such a butane-rich stream can be recycled as

feedstock to the steam cracker 5 via line 57a, so as to
obtain additional ethylene and/or propylene.

25 Substantially full hydrogenation is whereby the C4
reactor effluent contains an olefin concentration of 1
wt% or less, preferably 0.1lwt% or less, based on total
hydrocarbons in the effluent, and is achieved by
adjusting the hydrogenation conditions such as partial

30 pressure ratio of hydrogen to olefins in the
hydrogenation reactor. When feeding a C4 portion or
feedstock to a cracker, it is preferred that the C4

portion or feedstock is substantially fully hydrogenated.



25 system The superheating furnace thus can act as steam cracker for the
butane-rich effluent. It can heat the m xture conprising steam and but ane
to e.g. 6802@ms7915gher, in particular 700 C or higher, Peuair2@9/086980 C f or

exanpl e. Dependent on the residence tine in the 30furnace, the conversion
of butanes may for exanple be in the range -of from 10-70wt% in particular
20-60 W% |f such operation is desired, it is preferred to use a separate
superheating furnace as shown in Figure 4, - 20 - instead of a superheater
integrated in the GoRvechhemhseiuiabnt hessdwamcrragkee fyrnace as

di scussed with reference to Figure 3. Butane cracking is |likely to produce
sone coke that"YYHEAATY ORi FP rREd 4% BE FBnbYRESEri dif¢aPty, which is

more difficul tséib@l%nw@&b%@n@@% thap ip a siand-ahengsful paesq
Alternatively to m xing the butane-rich feedstock fromline 56b to steam

bef ore super hela? i RGIrIENEAR AP s HE hitre U 0FRRr tHE Sipér Réated steam i.e.

after 1@superheatd g dr@ienda 6bH e shbgherredfRAf tiscubar 490, G or
hi gher, such as 740 C or higher, which tenperatures will also provide mld

cracki ng condi HS % 6 the BIR a7RVerRiLe Ry T i ti tIesiP@8hEeSE i hie, coke | ay

down due to hO!éu@)Q&tt%d' Aot B@vé@@'@ﬁro@%%bh@@nointi@col@f UhRacesp anchdray
| ower the conversion of butanes to 30wt % or | ess, such as to 15-30 Wt % It

al so cool s t he2 dPHiATICon 6P eaRT SURBhAL tatact ol ® hl end§Pheprsi ot nktafie of C4

cracking. For fhis; OperakkboPicd @lemrl@qfee(a@ugsrmtét%mf WERBEE: a5, shown in
Figure 4 or a superheating in the 20steam cracking furnace convection

secti ohlcan bePiexl . strkem attRfodpth Gregndept ctad dUsoFiPguretBirawpi cal |y

the butane-rich,streamiu LL-he such sl k%raﬁhﬁfﬂbtﬂb%lst%”bh§91 tﬁ'@t bUt ane
will be very diluted in the steam such as butane:steam< 1:1

recycling of but@ate-fHachifeéds25td ttHecATOr conVEISi orirspep 9@@ falﬁiﬁ I d
hydrocracki ng 1%& %t@ﬁﬂ%ﬂma%f' Je SO nathons M L hy supersheathpg st&am as

di scussed) is beneficial as long as nore C4 saturates are cracked than are
fornmed in the OTOItomwer srehesyxt embeeinpassthsiqeekiingt A-er case bui | d- up

of CA4 saturat efdﬁ&}% r%\éeﬂ{ﬂﬁdseverltypr %8@@91%?nlsals§1qtg%l%eg<¥§il’?&i for

addltlonal yi e ower olefins to the cracking zo articul ar when
but ane i s recykYyedasawkrsitn thetfheed tto the 1@Wpar2£flnpé$@<ﬂ$ﬁwkcrackl ng

system the prppane, %%ﬁesgésgxé@&%rp%h@ E%g&’h 1L AN . anr?ugt o 1-50 w%

Butane is preferably in an anount “of 15 wt % or [éss, preferably 10
Wt % or | ess, basted oyt @Eaghhyd@bm@@ﬁs crackde feeadhegi nced5©¢$1earw se it

my be required fo mrovide . priRLY, fractipnater, QL serar aling heavy

cracki ng products
20 ethane in the low paraffin feedstock. A severity of less

than 65 wt% ethane conversion is regarded low, in
particular a severity of 60 wt% or less, and a very low
severity is 50 wt% or less. It is known in the art how to
adjust severity (conversion), which is mainly dependent
25 on steam dilution, coil outlet pressure and residence
time in the cracking zone, as well as temperature.
Operating the steam cracker at low severity has a
number of advantages. At low severity, the selectivity to
ethylene is higher, and less by-products are formed. This
30 is desirable in order to convert the valuable ethane
feedstock to maximum ethylene. Another advantage is that
the total selectivity to C2-C4 lower olefins increases

with decreasing severity, and that formation of by-



It is possible to use a cracking systemin an integrated process with a
plurality of cracking furnaces, wherein at |east two furnaces are operated
at differwot2oti@serériti es. The cracki ng system can i ncl Rd@/ER2610/06¢98¢ ur nace
for arelatively lighter feedstock portion and a second furnace for a

rel atively heavier feedstock portion, thes first and second furnaces be at
selected different severities adapted to the type of feed. It is 15for
exanpl e possible to assign different feeds to various furnaces of a stream

cracki ng syst eproduals askengerhie einarese dedisaiad fiuenagesyfore£t hane,
propane, butane, and/or particular mxtures. This allows selecting of the
severity indi viduala ¥ oFSF 18Rt f of et At e of Ot Hee |0 526Bar &FF i 1 eedst ock.

The dedi cated bstane ifir pacechpreexampl erepyl énde OpeLatedeal & butane
conversion of 90wt % or | ower, such as 50wm % all of which would be | ower

severities thaht®&Yg.2lne §EU%??t%Fad%‘keém ét Aame Yaut e Of URRFAYE HEY 60 wt %

et hane gonver si oMo ASQedcpl Ppane Znfiurnacercop operatgsal | ower severity
than in a co- feeding situation with ethane, such as at 90 wt % propane

conversion or FRS¥-iEH ARATANMIGHEUS Tt 6 LBERANE ForiFErsi 6A) P2at 85wt % or

less, or at 80sitHDed €88, rbbyOTder-d @nenergase: seleclihvihy t ethyl ene.
30An additional benefit of the present invention is that the production of

hydr ogen i ncr efid®s 2y GPBgEAL pf Siiticedenh af* i htedifatédyéraket al an OTO

conversi on sysigmgsan besysednfor selactivecapdiof dil lonvé2ston
hydrogenation, but also in the synthesis of oxygenates such as nethanol or

di met h{? et her . r BHPl-e$OVEHeExaipl eFal- 6 $ever alaipti &8s CoRPempliatent i ng

the 5 presentyjnuentign.ap;Ccompared oy %@f%@p@g q;aeéetgs%mﬁ;%,aby means
of nodel cal cul atlons As basis for Exanples 1-6 a nodel integrated

OTQ et hane cr atk&reprooeesstnas ¢aken cthi 1¥ap| ecrarsy dperbfew i s provi ded
of the feed in &Jicéarpcq ﬁﬁ%ncélfcé%%(r?ed ik ‘Eﬂ E?ac}«j&caéf%‘ib%'con?h&'ere done

usi ng a Spyro ased no for i ng o cracker operation conbined with
a proprietary wﬁ@ln%ﬁfﬁéd@ntuwnmr@@a@o@v@xﬁm etﬁﬁéeh@yeﬂirmlﬁ to the

nmodel s;yas as Iﬁgﬂrﬁ"}%§1@' acking; gqr‘%aflg%r;@ne ratio is 0.35 wt% USC
e S

coil is used for t pyro cal cul ation ated at a coil outlet
pressure of 1.77 bartalsol beex rart@s3W%lerhafeaciomendiconaaptdeanr esi dence

time of 0.24 SS%%%EE% plant is revamped by adding an OTO conversion

system. When for example ethane feedstock supply to the
cracker diminishes, such as due to depletion of a natural

20 or associated gas source, lower severity operation first
of all increases the ethylene yield and at least
partially compensates for a loss of ethane feedstock. In
addition, synergy benefits are obtained from the
integration with an OTO conversion system. For a stand-

25 alone cracking system in a situation of lower ethane feed
supply, the product work-up section would not be used to
full capacity, since less total feedstock would be
processed. Moreover, the ratio of valuable products to
unconverted feedstock being processed in the work-up

30 section would 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



OrO conversion: 20MeOH 5012 t/d is fed to the O reactor together with
1384 t/d of recycled and superheated steam and recycle of C4 conponents, in
t he conpawetoudsbase case wi thout cracker integration (@xamp@onyes¥75 t/d
of recycled 4 stream The nodel was calibrated on small- 25scal e
experinments conducted to determ ne product distributions for single-pass
OTO conversions. Therein, all conponents that were fed to the OTO reactor
have been evaporated and heated such that the tenperature in the reactor is

control | ed betyeend30to 600okvedtr pleesisubex 30im de thieact eaphsid, bar
absolute. The OrO catalyst is fluidized in the reaction nedi umunder the
condi ti on t hat“tHe 48 gRECRBUFY I GHaCe 1Pef BRI Y- K WESYF CF4C1- 3D T4, wher eby

VHSV is definegras.drheahobal uned g fsot herkegd pro&dcs thew everotdhe
catal yst weight per hour. The follow ng catal yst was used: Conposition and

prepar at i on: SQOWQ%SZS?M 23S SR @@W%WWOtQ@W%V%ﬂF@Y?S’é t36 Wk9%kaolin, 24

w % silica sol grand Ep‘é%tQ@ﬂu ch nadd N sBhet AecRMMNICHD LRt poiod he spray
dr| ed particle, 1.5 Yo P was i ntroduced bé H3PO4 i npr%gnatl on. The
13

catal yst was a@%ﬁ]ﬁl@d}eﬂ &Pn@ﬁ aPBETRC I The T8t e@R A C4 frEEYEI €Ot reans are

excl uded from {he prPduct o8RO tiPk-RbligSsedafle ok suamBrizes the net
product distribution from 10a feed of 5012 t/d nethanol to an OTO

conver si on systemkaid/ 9Re2e5s ¥ dietigne £82h SReLAAPrEEREPT JHe yiel ds are

cal cul ated on @ ieight: 1basps a5 4he ieekdsef gt hylene -and: PEopyd ene based
on CH2 in the feed. Exanple 1 (conparative) 1 n this exanple the net

productOdi st ribioiPref t8RIOTO X oMedT éll@ﬁtaﬁgtewf%%té -net feed intake of

5012 t/d methanol apdnwth;iMeinalgd %CEY%{ZlQ Predugt ;aspco-feed to the
oxygenat e conversion zone i s shown. recy e streamis 1775 t/d. The

C4 net producteshtvin drackeTadt eldvwdrs SeerCay pu? gerast rdgnethadyi s wi t hdr awn
as an out] et f9£n%&&&%np%89“§§ﬁﬁ’é§“o(‘fht‘f‘{@ukgr%&@rﬁ’@é%n@e' Ld up in the

process. The ratio of butane/butene is 3:1. Exanpl'e 2 (conparative)
ethylene product increases, due to the larger recycle of

15 unconverted ethane. In an integrated system, however,
that creates room for beneficial energy integration. In
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

20 case no separate fired heater for OTO steam generation or
superheating is required. Ethane furnaces are typically
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

25 outside the furnace in the transfer line exchanger. OTO
conversion systems typically require low pressure steam
(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

30 in the OTO conversion system. This option is shown in
Figure 3, where a low temperature/low pressure steam 1is
fed via line 64 to bank 66, so that steam as needed at

line 19 is produced.



In this exanple the net product distribution of 25cracking 2755 t/d et hane
is shown. Unconverted ethane is recycled. The negative water nake reflects
t he make wp 2bowosrosses in the circul ati on of steam DuePCo/EPRGL0l0GAS@NMDUNT ,
propene froma cracker can often not be econom cally be recovered and is
wasted, in which case 30the yield shoutd &ather be cal cul ated on ethyl ene
only basis to 85.1 % Exanple 3 (conparative) - 24 - In this exanple an
OTO conversion system and a steam cracki ng system are operat ed toget her,

each as in Exanpl estl safrdr2neanghweitagenbegesd e iregandi pgethe recycl e of
et hane produced in the OTIO systemto the 5cracker. This can be achi eved by
separ at e product 2k -Abp L8BcEF oS, Fort S PLEAERH PO iGHSE- GpC8ection is used

the butadi ene fsc@xidact ed peforeuracyeibng, Chs t@ the QTOnconVeisSiN
system Exanple 4 10ln this exanple according to the invention, butadiene

i s sel ectivel yrHydi'Ggenatedeei t adapgr £aBfP Hinecd CER StFedMm or after

extraction), peevidingraddihional butene that ksobeimaxkesysled to the OTO
conversion system This increases the )él | d of val uabl e ethyl ene and

e
propyl ene, 15wheteds (Thér BX PSURorde U4y PH6 186 oot Wit e T e higher val ue

products for suchh@d elatirvel ¥y11pwauanti-t ¥o0f byt adiceres1The purge stream
of butene and butane is kept the sane as the sum of butane+butene streans

of exanpl es 1 %nHl XNOPOEkBEAPI BUTANe Crapi| R httort eamphensd, UK r emai ni ng

stream of butapesbuf.ene bsxnQl puged hut full v hyvdrogenated; and cracked at
| ow severity with a butane conversion of 50 wt % before recycling to the OTO

conver §f on sys¥emraEudeh N2548T df BTuSSEE PRI EANY f BYEhcéRoCFRgkteS 4 or 5,

€.g. in a steam SURRINGALRr LhliNacsc Theeyhehd- of wihyleneqand propyl ene
i ncreases further, whereas there is normally no econom c outlet to higher

val ue product sP¥etudirciRiacEehag i Velver ervquany i inpsivesi tede 4o se L 3BEXanpl e

6 yield from butane cracking, in particular the combined
ethylene+propylene+butylene yield is increased and by-

15 product formation such as methane and C5+ 1s decreased.
This has the additional benefit of reducing heavy
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

20 butylenes are recycled to the OTO conversion system for
conversion to further ethylene and propylene. These
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

25 relatively less, and relatively more iso-butylene is
formed, which can be processed with advantage in an OTO
reaction step.

These advantages can already be realised if the
severity of butane cracking is such that butane

30 conversion is 98 wt% or less, in particular 97 wt% or
less, more in particular 95 wt% or less. Such butane

cracking severities can be obtained concurrently with

applying low ethane severity as discussed above. Even



Bui | ding on exanple 4, the remaining stream of butane+butene is not purged
but fully hydrogenated and recycled to the cracking system such as

di scussedwwi20t1/0579785 - reference to Figure 2. The yi el dpofi/Ereéngloesyeo and
propyl ene increases with respect to exanple 4, and is conparable to that of
exanple 5, wth a slightly different dist¥i-bution of ethylene and

propyl ene. Table 1 Exanple: 1 2 3 103kg/day 103kg/day 103kg/ day Feed:

Met hanol 5012 5012 Et hane

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
cracking is suitably defined by the conversion of butane

5 feedstock in a single pass through the cracking zone.

Such low conversion of butane is difficult to realize

in a co-feeding situation with ethane to a cracking
furnace, since ethane conversion will be substantially
lower, so that the advantages from low severity operation

10 do not outweigh the additional effort for ethane
recycling. Therefore, in a particular embodiment, a
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

15 discussed above. The effluent from such a low severity
butane cracker can in a particular embodiment be fed
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

20 54b like the embodiment of Figure 2. At least part of the
effluent 56b from the second hydrogenation zone 54b is
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

25 system. The superheating furnace thus can act as steam
cracker for the butane-rich effluent. It can heat the
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

30 furnace, the conversion of butanes may for example be in
the range of from 10-70wt%, in particular 20-60 wt%. If
such operation is desired, it is preferred to use a

separate superheating furnace as shown in Figure 4,



2755 2755 Pr oduct s: Et hyl ene 512 2187 2713 Propyl ene 1275 50 1325
Et hane 17 O
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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
produce some coke that typically will need to be removed

5 periodically, which is more difficult in a convection
bank than in a stand-alone furnace.

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

10 superheating to e.g. 650 "C or higher, in particular
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

15 furnace, and may lower the conversion of butanes to 30wt%
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

20 steam cracking furnace convection section can be used.
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

25 to the OTO conversion step via a mild hydrocracking step
(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

30 prevented.

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



0 Propane 48 19 67 C4: Butane+Butene Butadiene 35.9 0.3 22 52 58 52 C5+ 282
61 343 Fuel gas 98 197 280 H20
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paraffin cracking system, the propane can for example be
present in an amount of 1-50 wt%. Butane is preferably
present in an amount of 15 wt% or less, preferably 10 wt$%
or less, based on total hydrocarbons in the feed, since

5 otherwise it may be required to provide a primary
fractionator for separating heavy cracking products.

It is possible to use a cracking system in an
integrated process with a plurality of cracking furnaces,
wherein at least two furnaces are operated at different

10 severities. The cracking system can include a first
furnace for a relatively lighter feedstock portion and a
second furnace for a relatively heavier feedstock
portion, the first and second furnaces be at selected
different severities adapted to the type of feed. It is

15 for example possible to assign different feeds to various
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-

20 paraffin feedstock. The dedicated butane furnace for
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

25 furnace could operate at lower severity than in a co-
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.

30 An additional benefit of the present invention is
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
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hydrogenation, but also in the synthesis of oxygenates
such as methanol or dimethylether.
Examples

In Examples 1-6, several options of implementing the
present invention are compared with comparative examples,
by means of model calculations. As basis for Examples 1-6
a model integrated OTO/ethane cracker process was taken.
In Table 1, an overview is provided of the feed input and
the calculated products.

Calculations were done using a Spyro based model for
modelling of cracker operation combined with a
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 0OtO 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

WO
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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

5 of the spray dried particle, 1.5 wt% P was introduced by
H;PO, impregnation. The catalyst was again calcined at
550 C. The steam and C4 recycle streams are excluded from
the product composition tables.

Table 1 summarizes the net product distribution from

10 a feed of 5012 t/d methanol to an OTO conversion system
and/or 2755 t/d ethane to a steam cracker. The yields are
calculated on a weight basis as the yield of ethylene and
propylene based on CHZ in the feed.

Example 1 (comparative)

15 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

20 Table 1 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 2 (comparative)
In this example the net product distribution of

25 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

30 the yield should rather be calculated on ethylene only

o

basis to 85.1

Example 3 (comparative)
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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 4

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
1 and 2.

20 Example 5

Building on example 4, the remaining stream of
butane+butene is not purged but fully hydrogenated and
cracked at low severity with a butane conversion of 50
wt% before recycling to the 0OTO conversion system, such

25 as discussed with reference to Figures 4 or 5, e.g. in a
steam superheater furnace. The yield of ethylene and
propylene increases further, whereas there is normally no
economic outlet to higher value products for such a
relatively low quantity of mixed C4's.

30 Example 6

Building on example 4, the remaining stream of
butane+butene is not purged but fully hydrogenated and

recycled to the cracking system, such as discussed with



0 C5+ 350 355 361 Fuel gas 282 295 296 H20 2627 2627 2627 Hydrogen 186 187
187 Yield(w% CH2) 85.7 86.5 86.4
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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.

5 Table 1

Example: 1 2 3
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*x*
Yield (wt% CH2) |81.5% 87.1 84.8%




Example 7 In this exanple the effect of operating an ethane cracker 5at

| oner severity is shown. Selectivity of cracking to various products in a
si ngl e pas® 20twseygh t he cracking zone is shown in Tabl e PRT/ERRO10D6498€CL | Vity
data represent the wei ght percentage of the respective conmponent in the
cracki ng products, based on total producis not counting lOunconverted
ethane. Clearly, the selectivity to ethylene, propylene, and butyl ene

i ncreases with decreasing severity, wherein butylenes can be further
converted to ethwylene @pdcphopy) ene in accordance with the present

i nventi on. An_ethane conversipon of 65w % is known from - 27 - the article
"I ntegration PF*HE-eUIOP/ HYDRA MO Process di nto Et hyl effe plants" by G N. Eng
et al., referenced above. Tab @o%{g/laggane 1GORY RIS ON(Wi% /40, 0 50.0] 55. 0
70.0 Ethylenel Selectivity 85.D 8377 82.477 8

Feed:

Methanol 5012 5012 5012

Ethane 2755 2755 2755

Products:

Ethylene 2725 2738 2743

Propylene 1356 1383 1371

Ethane 0 0 0

Propane 638 638 638

C4:

Butane+Butene 58 0 0

Butadiene 0 0 0

C5+ 350 355 361

Fuel gas 282 295 296

H,0 2627 2627 2627

Hydrogen 186 187 187

Yield (wt% CH2) |85.7 86.5 86.4

Example 7

In this example the effect of operating an ethane cracker
5 at lower severity is shown. Selectivity of cracking to
various products in a single pass through the cracking
zone 1is shown in Table 2. All selectivity data represent
the weight percentage of the respective component in the
cracking products, based on total products not counting
10 unconverted ethane. Clearly, 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. An ethane conversion of 65wt% is known from



Hydrogen Sel ectivity 6.4 6.4 6.4 6.3 Methane Selectivity 3.0 3.9 4.4
Propyl ene Selectivity 1.0 1.3 1.4 1.6 Butylene Selectivity 1.5 1.9 2.
C2=+C3=+(%0 28al0se475Vvi t y

10

15

PCT/EP2010/066980
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the article “Integration of the UOP/HYDRO MTO Process

into Ethylene plants” by C.N. Eng et al., referenced
above.
Table 2
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

Example 8

In this example the effect of operating the ethane
cracker at low severity on the conversion of co-fed
butane is shown. Selectivity of cracking of co-fed butane

(50% n-butane and 50% iso-butane) in a single pass
through the cracking zone to various products 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. It can be seen that at lower severity
more total C2-C4 lower olefins are produced from butane,

and less by-products methane, Cb+ are formed.

7.
2

6
2.

9



88.4 86.9 86.0 82.3 C5+ nmake per ton olefin 0.82 1.59 2.07 4.18 5 Exanple
8 In this exanple the effect of operating the ethane cracker at | ow

severity w0 20h@scoaver sion of co-fed butane is shown. SeCEEP2M0Y6ISH
cracki ng of co-fed butane 10(50% n-but ane and 50% i so-butane) in a single
pass through the cracking zone to various products is shown in Table 3. Al
selectivity data represent the wei ght percentage of the respective
conponent in the cracking products, based on total products not counting
15unconverted butane. It can be seen that at |ower severity nore total
C2-C4 lower olefins are produced from butane, and | ess by-products nethane,
5+ are formed @V 2011/ 057975PCT/ EP2010/ 066980 - 28 - Table 3

Ethane Conversion
(WE%) 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 9

5 In this example the product distribution of cracking n-

butane and iso-butane under low severity conditions is
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
10 is shown in Table 4. 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,
15 propylene, and butylene increases with decreasing
severity, wherein butylenes can be further converted to

ethylene and propylene in accordance with the present



Et hane Conversion (w% 50.0 60.0 65.0 Butane Conversion (W% 93.9 97.8
98.9 Ethylene Selectivity 36.4% 38. 0% 38. 4% Met hane Sel ectivity 6.5% 7. 3%
7. 7% Propybens/lS&7éct i vity 14. 2% 10. 2% 8. 3% But yl ene SelPE€TIEPRIP660861 %
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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,
5 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.
10 Table 4
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

In the present invention a light paraffin feedstock
is cracked in a cracking zone under cracking conditions
to produce at least olefins and hydrogen.

15 Preferably the cracking system is an ethane cracker,
and the light paraffinic feedstock is a feedstock
comprising C2-C5 paraffins, in particular C2-C4

paraffins, i.e. comprises one or more of ethane, propane,



5.7% 5. 0% C2=+C3=+C4= Sel ectivity 58.0% 54. 0% 51. 8% C5+ nmake per ton olefin
5.42% 6. 77% 7. 38% Exanple 9 5In this exanple the product distribution of
cracki ng wo 2outesmgsand i so- but ane under | ow severity coRdTtEPRIIS/066986hown.
Sel ectivity of cracking of n-butane and isobutane, respectively at 50wt %
and 90 wt % conversion in a single pass-through the cracking zone to various
products 10is shown in Table 4. Al selectivity data represent the wei ght
percentage of the respective conponent in the cracking products, based on

total product sanetzLount shgetinCONVERntied kUt asepr ilherdata showstdat the
selectivity to ethylene, 15propyl ene, and butgl ene increases with
decr easi ng sevER§iSPL whBFel nIButRAEHES "dan T BaOF Rthers CERTBFERHY t3" et hyl ene

and propyl ene émAcCHHRREEi Myt hedt@ RKESEAY pre@Fably comprises at
least 35 wt% ethane, more preferably at least 50 wt$,

5 more preferably at least 70 wt%. Ethane-rich feedstock
maximises ethylene production. Although 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

10 hydrocarbons. The light paraffin feed may comprise a
recycle stream from the process.

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

The cracking process is performed at elevated

15 temperatures, preferably in the range of from 650 to
1000°C, more preferably of from 750 to 950°C.

Steam i1s usually added to the cracking reactor,
acting as a diluent reducing the hydrocarbon partial
pressure and thereby enhancing olefin yield. Steam also

20 reduces the formation and deposition of carbonaceous
material or coke in the cracking reactors. The process is
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

25 instance made to Kniel et al., Ethylene, Keystone to the
petrochemical industry, Marcel Dekker, Inc, New York,
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
30 part hereinabove.

In addition to ethylene and some propylene, other by-

products are formed as well. By-products can include

butylene, butadiene, ethyne, propyne and benzene. Coke



I nvention. Mreover, iso-butane selectivity to butyl ene increases
significantly, which is valuable recycle feedstock to the OTO conversion
system NMeORan&sm75t he other hand is significantly redu®et/EPeao/obiyB@ne
cracki ng, 5which at hi gher conversions produces |ess of the val uable | ower
ol efins, produces at 50% sel ectivity nor®l et hyl ene propyl ene and butyl enes
(C2=, C3=, C4=) than no-butane, which is of particular advantage on the

i ntegrated process. 10Table 4 |so-butane n-butane Butane Conversion 50. 0%
95. 0% 50. 0% 95 O Htty leneoSeb@Cidyintay, 488t 14. 0% 3kr1% 420686 Hydr ogen

Selectivity 1.4% 1. 3% . .
the steam cracker furnace such as through decoking with
air.

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

10 lower olefins. Oxygenates in the oxygenate feedstock are
converted to olefins, in particular, ethylene and/or
propylene. In addition, any olefins in the oxygenate feed
may be cracked to smaller olefins, in particular ethylene
and/or propylene. In the OTO reaction zone, at least part

15 of the feed is converted into olefins to obtain 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

20 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,

25 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

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

Examples of preferred oxygenates include alcohols,

such as methanol, ethanol, isopropanol, ethylene glycol,



0.8% 1. 2% Met hane Sel ectivity 17.6% 25. 6% 18. 8% 21. 7% Propyl ene Sel ectivity
32.1% 21. 6% 37. 0% 16. 0% Butyl ene Selectivity 37.4% 17. 7% 4. 8% 5. 8%
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propylene glycol; and dialkyl ethers, such as
dimethylether, diethylether, methylethylether. Cyclic
ethers such as tetrahydrofuran and dioxane, are also
suitable.

5 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

10 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

15 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

20 isopropanol, 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

25 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

30 into dimethylether. In this way, water may be removed by
distillation and so less water is present in the process

of converting oxygenate to olefins, which has advantages



64. 5% In the present invention a light paraffin feedstock is cracked
in a cracking zone under cracking conditions to produce at |east ol efins
and hydr oyero116Pr7ef er abl y t he cracki ng systemis an et iramEPerianke@s) and
the light paraffinic feedstock is a feedstock conprising C2-05 paraffins,
in particular C2-C4 paraffins, i.e. conpiises one or nore of ethane,
propane, - 30 - a mxed C4 streamor a m xture conprising two or nore
thereof. The light paraffinic feedstock is preferably an ethane-conprising

f eedst ock, andsgr efiry ghbycconpe i sas ald heasts 3hamdbetrhagesrnore preferably
at least 50 wt% 5nore preferably at |least 70 wt % Ethane-rich feedstock

maxi m ses et hyPenePrsdaét Fendt MY oddgh ABE2HGT ety V*PPEfer Fed, ot her

hydrocarbons such as okefbnst&analssoddheceantaimedd ant BRchhghds paraffin
feedstock, preferably in quantities of |ess than 10 wt % based on t ot al

10hydr ocar bonsd1 & 45, gRt:Chataf 31 F &&d SkB§ conpri se a recycl e stream from

the progess. iPiekeeabbyind:fte ehkaneygonprd singieaedsyogk 4 s obtai ned
fromnatural gas or associ ated The cracklgg process is performed at

as.
el evat ed 15teﬁﬁ%ﬁﬁ?&¥b§F06PéFe?gbﬂymﬁﬁsﬁﬁegﬁ%n VI SSESnP850C¢ AV00C, nore

preferably of 4omit5Qet ge950%ca rronStednt i Srusual Iancaddedstgt he cracking
reactor, acting as a diluent reducing the hydrocarbon partial pressure and

t her eby enhanci®#giicilefdds ¢rePt!  Stledmodl §6° 20w eHiuces ioRe f of Bt i on and

deposi tion of garhonaceQus-aBLEr+l 9fi sCekepbhe the rackikngpfgactors. The
process is also referred to as steam cracking or pyrolysis. Such
cracki h9 procedses s wel FRRpdWHEdlo ArRensRi ¢ Ml Pervsofi1and need no furt her

eXplanation- F%%fg§gyﬁéﬂlsaBQrHans—Jﬁrgen Arpe, 3rd edition, Wiley,
1997, pages 13-28. This book also describes the
manufacture of methanol from synthesis gas on pages 28-
30.

15 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
obtained by converting methane into synthesis gas and

20 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
which the light paraffin feedstock for the cracker is

25 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.

A variety of OTO processes is known for converting

30 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



25i nstance made to Kniel et al., Ethylene, Keystone to the petrochem cal

i ndustry, WMarcel Dekker, Inc, New York, 1980, in particular chapter 6 and
7, as welwoasies74752005/ 0038304, W2009/ 039948, or the publEPe@vioodso by Eng,
UOP, and Zimermann identifed in the introductory 30part herei nabove.

In addition to ethyl ene and sone propyteie,- ot her byproducts are forned as
wel | . By-products can include butyl ene, butadiene, ethyne, propyne and
benzene. Coke - 31 - may al so be forned and may require regul ar cleaning of

the steam crackeradriipnaceosuch asidiysqugbrdecoki Ng i aihg tre Step b) of
the process the present invention an 5oxygenate feedstock is converted in

an oxygenat e- t OEC B BFis O& oRFTET SHTTF Sy SOBPY I M Shi TWagn 28Xy Bttt e f eedst ock

is contacted ifo@deachi op z_@@etvmtéhal@ ax¥0enate 1eenver si on catal yst under
oxygenate conversion conditions, to obtain a conversion effluent conprising

101 ower olef|n%sz%%yﬁgﬁéﬁégAina@%éﬁﬁ%VdéHé?é9?%%Hstock are converted to

ol efinss in paftlQﬁk%ﬁysgéhyéaﬂﬁxﬁﬂﬂk@f1Hfﬁ@MAQHQM/b@O@@@Iét@n any ol efins
in the oxygenate feed nmay be cracked to smaller olefins, in particular

ethyl ene and/ of “prHpyA éRé. CPHV??R%Q?R?@@e@é?g%%QEQMﬁﬁedéﬁopeaé@ Pt 150f the

feed is convertgd dint@cobebbas: t ohRIM@ILA  ashERdUGta 1GRRaLAL RG- O, OF nDre
olefins, preferably including |ight olefins, in particul ar ethyl ene and/ or

propylene Exah%ﬂ%ﬁQQﬂmoéﬁ9geﬁ%t%%Nﬁhé@tééﬁsbecQﬁﬂﬁﬁ%Q%OPﬁe XY Eehnts e

feedstock of step ) f tQ@e@r9&§§§Jhﬁ%%§9ﬁlQGE%ééﬁHﬁﬁ%s 34&Bops dfeihanol ,
et hanol , isopropanol, ethylene glycol, propylene glycol; ket ones, such as

acet onél and ne%%yﬂeﬁhﬁﬁkeréﬁe deﬁVﬁes44su@%t&@iﬁbﬁﬁﬁpdéhyd%r 1,

acet al dehyde anggpnggjonggdehyee _£f herns, suwsh as; dipethyl et her,
di et hyl et her, t'hyl'et’hylef her,” 25t et rahydrof uran and di oxane; epoxi des

such as ethylene o&itﬁ?@ﬁﬁi%@ﬁ&pyFeﬁeCQﬁNQR§lO@néfaEF@soxxﬁﬁﬂ@tés acetic acid,
propi oni c acidfeg&gﬁ?d% %g&dbgng% Gb%e@cb Tﬁyn&&e%fe anpl es are dial kyl

carbonat es such as di nethyl carbonate or esters of carboxylic acids
such as 30net hylufigrapdtlé caoe @%@%@wexaﬁﬁlesrta¢@bﬁbESZ§@dle@hers are

preferyed.

Suitable catalysts include those containing a zeolite of

the ZSM group, 1in particular of the MFI type, such as

ZSM-5, the MTT type, such as zSM-23, the TON type, such

as 7ZsSM-22, the MEL type, such as zZsSM-11, the FER type.

Other suitable zeolites are for example zeolites of the

20 STEF-type, such as SSZ-35, the SFF type, such as S$Sz-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,
for increased production of ethylene and propylene.

25 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
0.1 kPa (1 mbar) to 5 MPa (50 bar), preferably from 100

30 kPa (1 bar) to 1.5 MPa (15 bar), are suitable reaction

conditions.

A specially preferred OTO process for use in step (b)

0of the present invention will now be described. This



Exanpl es of preferred oxygenates include al cohols, such as nethanol,

et hanol , isopropanol, ethylene glycol, - 32 - propylene glycol; and

di al kyl ewbeps/053a76h as di et hyl et her, di et hyl et her, nerhyiEPeérgloetoRer .
Cyclic ethers such as tetrahydrofuran and di oxane, are al so suitable. 5The
oxygenate used in the process according 30 the invention is preferably an
oxygenat e which conprises at | east one oxygen-bonded al kyl group. The al kyl
group preferably is a C1-C4 al kyl group, i.e. conprises 1 to 4 carbon

atons; nore prefefady yprivheaak kydraroeupre9nr sesorlk@abn20€ar bon atons and
nost preferably one carbon atom The oxygenate can conpri se one or nore of
such oxygen- bodeteer-ecA ek off FFpY ClPr 6Pt &bt y-° thévdkygedat e conpri ses

one or two oxygefhendedreietdndd ki rgeups. V¢ e y-eberabbyc@n oxygenate
is used having at |east 150ne O o al k g%ﬁrou still nmore preferably

r C2
at |east one CFOZI%YI13gPedp. WO200 P AoSran 0 /F8AfeRat e is chosen from

the groyp of alkang ®eaRdodi RbXydo e1d1RES, CROSHSS 10k 0f7, dis e hytet her,
di et hyl et her, nethyl et hyl et her, nethanol, ethanol and 20i sopropanol, and

m xtures t her e¥fOCessesNgsEapeY Bt dBIMPrifé N exyYehate oS e tAaRoPT or

di met hyl et her, ; Q¥1 & dTist4he ther@edfensionalr @@erﬁ@fméeetdh@iagygﬁmxeeﬁ,eedst ock
conprises at |east 50 wt % of oxygenate, in particular nethanol and/or

25di net hyl et he?id bis &d-e6R1E6t &P~ GE4r BensS YT fneet épaplylared east 80

W % nost preferably cat sl gaste 90, W% oIhscpxygenate feedstock ¢an be
obtained froma prereactor, which converts nethanol at |east partially 30

i nto dibet hyl etdBIE199% CRPSONWA)OT SnvatoeYL Livgy beviehovned Byearserdt atdon and

so | ess water &émw&ae@tingncﬁ%@fw%%cm 2FONYSY Q. Qxygenate to ol efins,
whi ch has advantages - 33 -
other channels, preferably at least 50%wt of such

zeolites based on total zeolites in the catalyst.
Preferred examples are zeolites of the MIT and/or TON

15 type. In a particularly preferred embodiment the catalyst
comprises in addition to one or more one-dimensional
zeolites having l10-membered ring channels, such as of the
MTT and/or TON type, a more-dimensional zeolite, in
particular of the MFI type, more in particular ZSM-5, or

20 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
molecular sieve having more-dimensional channels has

25 intersecting channels in at least two directions. So, for
example, the channel structure is formed of substantially
parallel channels in a first direction, and substantially
parallel channels in a second direction, wherein channels
in the first and second directions intersect.

30 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



for the process design and | owers the severity of hydrothermal conditions
the catal yst is exposed to. The oxygenate feedstock can conprise an
anmount ofwoi2budstes such as water or steam 5ln one enbedirmPral)/o64¢y80
oxygenate is obtained as a reaction product of synthesis gas. Synthesis gas
can for exanple be generated fromfosstl3duels, such as fromnatural gas or
oil, or fromthe gasification of coal. Suitable processes for this purpose
are for exanple 10di scussed in Industrial Oganic Chem stry, Klaus

Wei ssermehl  andeddanssolupgencAipey a3 deedi-t BON, mdNd yer299%1 vy pages 13- 28.
Thi s book al so_descri bes the manufacture of nethanol from synthesis gas on
pages 28- 30. A%1H di8rh&vVeRmBot mMIRt rREIBxY ettt il %obtAFned from

biomaterial's, suedes o bbaughs {&f neakisencafoso@xangl ecbycasprocess as
descri bed in DE-A-10043644. Preferably, at |east part of the oxygenate

feed i s obtai N8 byPaSEAvePt FAgthetHarePht 818yht Hedihe GEEI8RA~20provi ng t he

synthesis gas &onax%\genatelsynt hasisezaBech Sythasi-se:oxygenates. The
nmet hane is preferably obtained fromnatural gas or associ ated gas, nore
preferably the"Qefeifetgraragastgmdssobrat ebdlyas, 2 rémshhPcitthe | i ght

paraffin feedshoek Jr@rrct-hg16r aCkasadtS e290Rt ahediurthernbhe OXygenate
feedst ock may be provided direct I% fromone or nore oxygenate synthesis

zones, howeverSONRE gy 1580t ben provitde@tf FBf B B8 gERate sebragySacility.

A variety of OO RI,Qce$SeRpba: KON ol ¢aAVess i G 30exygenates, suych as for
i nstance net hanol or dinethylether to an ol efin-containing product, as

al readyOr ef er reef t cwboge. Lepe Shth lor ¥€éss is described in WO A

2006/ 020083, incorporated hereid byerefRience chavealdl W arn iheg 34 -
par agraphs [0116] - [0135]. Processes integrating the production of

oxygenat es fropisyditdresi sagasy ahd-aHieilnieenter stor o tlvibght ol efins are

described in US2007/0203380A1 and [1IS2007L0155999AL, ¢ 5Catakysts as described
in WO A 2006/ 020083 are suitable for converting the oxygenate feedstock in

step (b) of thelpFiesenrtiaventiomfeSuchogataby st prékepablgritel ude
T eosfum nonfein il (RS el ae e kiRt
al so SAPO- 5, -89 tlE] reaction zone when the latter feed is introduced
into this zone. It has been found that the catalytic
conversion of the oxygenates, in particular methanol and
DME, to ethylene and propylene is enhanced when an olefin
20 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.
In special embodiments, at least 70 wt% of the
25 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
preferably at least 99 wt%, and most preferably the
30 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



-20, -31, -36, -37, -40, -41, -42, -47 and -56. Al ternatively, the
conversion of the oxygenate feedstock nmay be acconplished by the use of an
al um nosiwpeati@secasal yst, in particular a zeolite. 15SuipCalipeoloat@Byst s

i nclude those containing a zeolite of the ZSM group, in particular of the
MFI type, such as ZSM5, the MT type,-siith- as ZSM 23, the TON type, such
as ZSM 22, the MEL type, such as ZSM 11, the FER type. O her suitable
zeolites are for exanple zeolites of the 20STF-type, such as SSZ-35, the

SFF type, suchigser384144 1an8né henbddridichyPehe SHLdY a5 LM 48 Abalri nosi | i cate
catal ysts are preferred when an olefinic co-feed is fed to_the oxygenate

conversi on zone®FIgetthér WPERT oxY derfattd, CfoPtfhitteased prodactt oh of

ethyl ene and prepyl ene.7025Thecr eactienceandbhi onsciofs t he exygenas e
conversion include those that are nentioned in WO-A 2006/ 020083. Hence, a

reaction tenpefdRireoPronglers 100 ETO0prerdrabts, 4idh250 £€8°750 C, and a

pressure from QodokRa (b Whardr todH MPackB0abay)s wreter abby, firam 100 30kPa
(1 bar) to 1.5 a (15 bar), are suitable reaction conditions. A

speci al | y prefRf¢ e aBFO pr Beeser fi6t5us@fi ROst epr{B)2 6 St heapreéseht

invention wll¢now hgdesarbbed. i Thire ©r3PuenPl 0GesSRLOMhEess patd i cul arly
hi gh conversi on of oxygenate feed and a recycle co-feed to ethyl ene and
propyl ene. Refetehced somadedi ntthitd e garalal sor 1 W20071 135052,

V02009/ 065848, , W12009/-065875, : 5YD2009/.065870, , M2009/-065855, , Y2009/ 065877,

in which processes a catalyst conprising an alum nosilicate or zeolite
havi ngl®bne- di nefsiordllvidefrenbered § ivtg €hahhel slefdind akha6Pef Phi c co-f eed

and/or recycl e feed i3, 0RLRYRY. 1 | N IS <PEAEESS, - A28 OXygenat e- conver si on
catal yst 10conprises one or nore zeolites having one-di nensi onal 10-

menber ed ring chandél §rdahi eh e mice Phedrseedbytbyhere ciighnel s,
preferably at )eash 2% of s syely Z6ald tesnbaser, on fotalygeol it qs in the
catal yst. Preflerred exanples are zeolites of the MT and/or TON
olefins. In a stand-alone process, i.e. without
15 integration with a cracker, there is a limit to the
maximum recycle of a C4 fraction from the OTO effluent. A
certain part thereof, such as between 1 and 5 wt%, needs
to be withdrawn as purge, since otherwise saturated C4’s
(butane) would build up which are substantially not
20 converted under the OTO reaction conditions. In the
integration with a cracker however, more C4 olefins are
available and can be provided by hydrogenating butadiene,
moreover any stream previously purged can be recycled to
the cracker, preferably after full hydrogenation.
25 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
temperature of 480 °C or higher, in particular at 500 °C
30 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



15type. In a particularly preferred enbodi nent the catal yst conprises in

addition to one or nore one-di nensional zeolites having 10-nenbered ring

channel s,weurot/&976f the M T and/or TON type, a nore-di FEM&PIAIcH8D! it e,
in particular of the MFl type, nore in particular ZSM5, or 20of the MEL

type, such as zeolite ZSM 11. Such furth® zeolite (nol ecul ar sieve) can

have a beneficial effect on the stability of the catalyst in the course of
t he OTO process and under hydrothermal conditions. The second nol ecul ar

si eve havi ng npserglinmensi anal 18hannelis, basti2d dntierseehi ngaghannel s in at
l east two directions. So, for exanple, the channel structure is forned of
substantially }ﬁ%rral | el channels in a first direction, and substantially

paral | el channels i a sgsensh dinmeetiken:, w@@é%@g@&@@@ebéndf&gihﬁl first and
second directions intersect. 30Intersections with a further channel type

are al so possﬁb@%ﬁlﬂﬁrteﬁé?mﬁﬁwe% HePhadmael s0i What I 4SEabhE of 9t

directigns ares;30;enmhered bhngocanrelsyibepselef ried (Ml okﬁ/ﬁ@n%@@' ite has
a Silica-to-Alumna ratio SAR of at - 36 - |east 60, preferably at | east

80, nore pref eFABISFHEY 63581400, FvémenBPe PHBIET AN APLPERSET 150. The

oxygenat e convelsiOm£ahal Y5inEa LMRihsechhnh&ast 1 w % based on total
nol ecul ar sieve in the oxygenate 5conversion catalyst, of the second

mol ecul ar si eve haVi R§enBRECHH TEHSI Wélecéﬁéﬁn%}%vesprl@f érablydsiIqreast 5

W % nore pr ef%ﬁ@'a&%eahsb@a% @hé/\’to{eyg%'ﬂgtéuééﬁ%m&] %%@aQQEP“éQy'eSS t han
35 W% of the further nol ecular sieve, in certain enbodinents | ess than 20

W% of0l ess tHAHIHE . 10WEY% 23uctnhdidSiss 8y hEASHS wipeferably Egpeci al | y when

the oxygenate converjan.,l g, casrd ed Qul--QYer.a calal vk %QW ajping MT or
TON type aluminosilicates, it may be advantageous to add an

ol ef i n- cont ai nihdige cft?eff@éébﬂiﬁg@t hegasti 918 5t Wév oy eitette PI5feedo{suk s
di met hyl ether-g} Céheogu%%tlhéﬂé)un{ &ﬁ)mofl%%qlfa@ %] Gackl 90 Ef?nﬁqé!men the

|atter feed is introduced into this zone. een found that the
catal yti c convey&iarerofforhe Bikxgpere é@lepnl@arﬂ@tﬂ%rar@eph@ﬁ@lre@rﬁd? DVE, to

cthyl eng and PropYlene. s eahancen shen 8oLl i 208 Br esent 4y the

cont act bet ween and/ or er an e cata yst. erefore,
suitably, an ob%facmlcfa@@df éedheﬁ@tﬂadﬁedl tﬁ@ thert eactdxgnlazone toget her with

the oxygenate % ‘é tla”rér%‘& Qd'cg!?{‘&?s, aftm_J gaghng W7 of the

250l efinic co- urlng norma ration, Is y a recycle stream
of a C3+ or C419rec'diﬂe"fq rRitc af tammmtdrreomvehe5O)TO’@ofmﬁerlsﬂl@nreMIrm@m or the

conbi ned OTO conver sollqraeagg %}?}E:é(aelr foﬁokﬂ?ﬁ&é lrprtgf %l&ll | east 90 wt %

nore preferably at” 1 east m)st preferably *the Oo]fefl nic co-feed
is durE@g norng¢t@$gnatﬁgnmfoTMedqbyogen form can then be obtained by

an ion exchange procedure with ammonium salts followed by
another heat treatment, for example in an inert or
oxidative atmosphere at a temperature over 500 °C for 1
hour or more. The molecular sieves obtained after ion-

25 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

30 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



such recycle stream Preferably this recycle streamis obtained fromthe
conbi ned effluent and at | east partially hydrogenated in accordance with

t he presewb 20t1/37975 i nvention. |In one enbodi ment the ol eCirmpPeolomedssed can
conprise at |least 50 wt% of C4 olefins, and at |east a total of 70 wt % of
C4 hydrocarbon species. It can al so conpsd se propyl ene. The OTO conver si on
ef fluent can 5conprise 10 wt% or |less, preferably 5 wt% or |ess, nore
preferably 1 wt% or |ess, of C6-C8 aronmatics, based on total hydrocarbons

in the effluentsedt dreasbiene1 &f dheoliekenkcisoafeadreandat he 4ecycle
stream can in particular conprise less than 20 wt % of C5+ ol efins,
10pref erably | @€8I8K4T £ RS b BN Ef i nS? Has¥ddr tt6tal “h§dr ocar bons

in the ol efinigocafie@dsieve inldbrideRiba waxh niZe phHeduebhpondic £t hyl ene
and propylene, it is desirable to nmaxim ze the recycle of C4 olefins. In a

st and- al one protedy MixEUrgi RoutaRinCegr aPF OPF vii tiHex BAREKkERL there is a

limt te the maxismimieeycke of & Ch/ifactbonohvamithe O ekfluent. A
certain part thereof, such as between 1 and 5 W% needs to be wi thdrawn as

purge, since otMerWiddeIssRaraYEd @ SOrBLtaneyeWHA barPd?dp whi ch are

substantial |y aotn2Qcanvested pnder the GLO.L8actd eamcenditiongo-d n the
integration with a cracker however, nore C4 olefins are avai | abl e and can

be provi ded byP¥sihRtsgenalrhyedut ddide >OnBiEeoverssthy'st-Péam previ ousl y
purged can be recyGled to the cracker, preferably after full hydrogenati on.
251 n the preferred process, optimumlight olefins yield are obtained when

t he OT® conver si on lits 1€oAdtEt U att CaPrepes at urd adfy sfoRevitarsds0 C,

preferably at a tiemperature.ofs460 ,C Rk nhi gbekusdTore pr ehahably At a _
tenperature of 480 C or higher, in particular at 500 C 30or higher, nore in

particul ar 5500 brothieglief heofa GFY SC 68 RiEgher SUTIRETeEnber afudle wil |

E))e/pi ?aggy_| eSSy LA 00 AN L €8S NP ER0Gwn T RI8SSYEe Wil typically

powder-like material. The latter causes problems in the

15 processing. Preferably the molecular sieve is therefore
incorporated in a binder material. Examples of suitable
materials in a formulation include active and inactive
materials and synthetic or naturally occurring zeolites
as well as inorganic materials such as clays, silica,

20 alumina, silica—-alumina, titania, zirconia and
aluminosilicate. For present purposes, inactive materials
of a low acidity, such as silica, are preferred because
they may prevent unwanted side reactions which may take
place in case a more acidic material, such as alumina or

25 silica-alumina is used.

Typically the oxygenate conversion catalyst
deactivates in the course of the process. Conventional
catalyst regeneration techniques can be employed. The
catalyst particles used in the process of the present

30 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



between 0.5 and 15 bar, in particular between 1 and 5 bar. In a
speci al enbodi nent, the oxygenate conversion catalyst conprises nore than
50 wt % pweferialshysat | east 565 wt % based on total nol @CUIER2019/066980 i N t he
oxygenat e conversion catalyst, of the one-dinmensional nol ecul ar sieve

havi ng 10- menbered ring channel s. - 140 one enbodi nent, nol ecul ar si eves
in the hydrogen formare used in the oxygenate conversion catalyst, e.g.,
10HZSM 22, HzZSM 23, and HZSM 48, HZSM 5. Preferably at | east 50% w w, nore

preferably at beasip19Q% whwasidlhd smpesprefienably atiiheast 95% w w and
nost pref erabI%/ 100% of the total anount of nolecular sieve used is in the
hydr ogen for m "W S5he Thofettf & sTREVEs OFY 8P ep VY SR 125t Rt Predence of

organi c cationgat he nmeleedkaresi sue fmycheqactd i vat ed oy sheatimgein an inert
or oxidative atnosphere to renobve organic cations, for exanple, by heating

at a tenperat Ut BVeC500PE Y ofr Hehainr taF L Rbr el LTHe Z &6Fi £8 #s typically

obtai ned in the;sodiim 8eq20p0t assi wafeem sJheydrogerrberaycan then be
obt ai ned by an i on exchange procedure with anmoni um salts foll owed by

anot her heat t7RH Rt PROFIekatmte® iMMTaA L Re? Rt MK iPdafPyeY at nosphere at

a tenperature @weinp0@ ertebply holr L mBEepadhe.lgcuyl a5 sieuwes obtai ned
after ion- 25exchange are also referred to as being in the ammoni umform

The nol ecul ar &3¢/ fan be<bleiasP@ichadryi a0 a fidtdnmat i on, such as in a

m xture or conbi nati@N W Ebr 8§ AngRlliRANDI DEesdmL @i absapdiar a filler
material, and 30optionally also with an active matrix conponent. Q her
conponéht s cant@ll S dReVer esepfeieratie Perfaragt o A CdReCORVHHY I ecul ar

si eves are U_Segor?é %Q,isﬁﬂgpérfi&lﬁiazredw%@& Hp rpéﬂdfﬁj zbetii,l E%z Qr active
matrix material Iis -39 - used, the nolecular sieve itself is/are referred

to as oxygenat &atorierisiigadchedl gista rines foraudativeire helhpbeduliar sieve
i n conbinati on,widh, it he oLhesrgomponent s 1af oL he; ixhure, sychyas bi nder
and/or filler naterial 5is/are referred to as oxygenate conversion
catalyst. A process, also a fixed bed reactor or a tubular reactor

15 can be used. Serial reactor systems can be employed.

In one embodiment, the OTO conversion zone comprises
a plurality of sequential reaction sections. Oxygenate
can be added to at least two of the sequential reaction
sections.

20 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

25 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

30 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.



formul ated catal yst can conprise between 1 and 99 wt % al um nosi |l i cate,
preferably between 10 and 60 wt % nore preferably between 20 and 50 wt %
based on wotalvusat7al yst. 10It is desirable to provi de aPCaERRYIOW06498VI NQ
good nechani cal or crush strength, because in an industrial environnent the
catalyst is often subjected to rough handl ing, which tends to break down
the catalyst into powder-like material. The |atter causes problens in the
15 processing. Preferably the nol ecular sieve is therefore incorporated in
a binder material. sExanpkes @in slidcabkersatesiales dm achesmiation include
active and inactive materials and synthetic or naturally occurring zeolites
as wel | as inoPgarfi™ MafEF WiHsP stheh XY Jeraye, a-#19c£° 265 uit na,
silica-alum naprdddni ar zbpepiiarand pkuAbposd |dcale: sFeE present

purposes, inactive materials of a |low acidity, such as silica, are
preferred becatSe'T Y OrR§T pteventdUnfditedasi e Y¥4ctiSoNs I hhi Eh sy t ake
place in case aupdt A, di6eMb L) alaridUeh 3sy@AHANR OKiZ2a8ht | £a- al um na

i s used. Typi cal ly the oxygenate conversion catal yst deactivates in
the course of PHE§H0dESS. a%n]v'eﬁq'i GH&I cEaPAY YRt 1sgertéabOnt techni ques

can be enpl oyegssdThe Latabystopardd.cloes usediin, thepracess:of. 1 he present
30i nvention can have any shape known to the skilled person to be suitable
for this purpoRet t¥Prlart WeaR Bee presEmetenls nee i nloPepFay dFtwditcat al yst
particles, spheges,dahlsebgy) rings, extrudates, etc. Extruded catal ysts can
- 40 - be applied in various shapes, such as, cylinders and trilobes. If
desired) spent oxydé&raPéctonversidigc€ararl ytatah IFeviegenerat€tbrand

recycled to the; gl aGess9hehhee | AVRNIQOR.  SPEAY-dlFd edRaLLEGhes al | ow ng
use in a 5fluidized bed or riser reactor systemare preferred. Spheri cal

particles are hoy medltpiobpaenetebyn pr ay ndrying. ofPradfedriabl yApaert aver age
particle size fs,jnthe Langg o%le]f-- 200 pm. . preferablyi30,:,d00 pm The
preferred errbodiomant of rlssfep ?b delsnclri bgd 1% ereyienabgvé ig pref erably

perforned in anOTQadversipALzdhe scofpebst gy exdindiediczedf bedi ©r novi ng

bed, e,g. a fagt flhigized, bedor. 2 UReh.p8CLOM, SYshem. ahLhowgh in
general for an process, in particular for an MIP process, also a fixed
bed reactor orPeefiadsillar theactofiniBraw-HecdsedrSerdsalanr eaeforisyst ens can

be eml oyed.  craccldh eneyapbodiapnt e QIO convershoy gope soprises a

plurality of sequential reacfion sections. ate can be a to at
| east two of the wequentilal npeacticdrersédlyi oase 2Wher® mukti pheclkeacti on

Zones are enpl&@é%&nf%qfraction consists of olefin(s). The olefinic co-
20 feed can consist essentially of olefin(s).

Any non-olefinic compounds in the olefinic co-feed
are preferably paraffinic compounds. If the olefinic co-
feed contains any non-olefinic hydrocarbon, these are
preferably paraffinic compounds. Such paraffinic

25 compounds are preferably present in an amount in the
range from 0 to 80 wt%, more preferably in the range from
0O to 75 wt%, still more preferably in the range from 0 to
50 wt%.
By an unsaturate is understood an organic compound
30 containing at least two carbon atoms connected by a
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-



olefinic co-feed is advantageously added to the part of the
dinethylether-rich feed that is passed to the first reaction zone. The

pr ef er r edworbarosresi o of oxygenate in the 25oxygenat e f ecagroak/o6@sol ef i n
in the olefinic co-feed provided to the OTO conversion zone depends on the
speci fic oxygenate used and the nunber-of2reactive oxygen-bonded al kyl
groups therein. Preferably the nolar ratio of oxygenate to olefin in the
total feed lies in 30the range of 20:1 to 1:10, nore preferably in the

range of 18:1 ¢0edih andisyi bhe M@ 1R ebababby 4 pdikeocnange, ohadbigl to 1:3.
- 41 - A diluent can also be fed to the OTO conversion system mxed with
the oxygenate Bt/ Yr "C6Sf €8EPHE EKent CoFT SRPArAE S AT pPefleried

diluents is stgamiait-heugh-etderaddeihodbhdents. can herused assyel l. I'n
one 5enbodi nent, the nolar ratio of ox%genate to diluent is between 10:1

and 1:10, pref8PEHIPhEPURENDAE N Hhd 1TOR B st 2 PrtedicabliyObBE Wity 3: 1 and

1:1, sugh as ofnd/cx %ut'aalgﬁé“ CiH afarhenibhec oxygenaheri gsirejhanol and the
diluent is wate ‘H%f(St eam . 10The ol efini ¢ co-feed optionally provided

t oget her wit h RFe hEFGe FATBOT @RS 13t K o Ot AELOTO Cof¥éfsi on zone may

contain one ol efinRErarfbXtine Qfs 0hLetbi ns. cipardnr emppl efinsio t he
ol efinic co-feed may contain other hydrocarbon conpounds, such as for

exanpl e par af fPFiieralb5yl kyl Bhomiee f&Pdndt ke %erftﬂ%ﬂ@r@rpéeﬁ?%kﬂfye

thereof. Preferablye theqel etbni £ <o-4 egdpeanprdses an olefinic fraction of
more than 20 wt% nore preferably nore than 25 % still nore preferably

more than 50 wt % WHRER.1BF Pt nitlfoPdet PoAL Eohsiistts "6f BRefPMiB)nedThe

ol efinic co- 20fegaqd Qﬁ%f%ﬁé'é& essentialhy Qtf;hé)fleef 'ﬁ}(a?)ene puteddy
non-ol efi nic conpounds in the olefinic co-feed a erably paraffinic

conpounds. |f t#ee slrefioniec ool frgdrcontalPinscany -6l epPnbeteydr ctar bon,
these are prefgrahly jparatthol ¢, Cé’erm%‘ﬂl%d%n@?]h Meaf fri R n| geg‘é&ggp@nds are

preferably present” in an anmount i'n the range fromO to 80 w% nore
preferably in péetqrenge—fpdohy D1 PTENL % @@’Fﬂlﬂ’l‘r%r@tﬁrnéfr epabpdyhyln t he

range fromO0 to 30 W% BY, 8P WSAINALEC)S HOdEIStRd ap grgani£ compound

hexene, 2-hexene, 3-hexene, 2-methyl-l-pentene, 2-methyl-
2-pentene, 3-methyl-l-pentene, 3-methyl-2-pentene, 4-
methyl-1l-pentene, 4-methyl-2-pentene, 2,3-dimethyl-1-
butene, 2, 3-dimethyl-2-butene, 3,3-dimethyl-1-butene,

20 methylcyclopentene and/or cyclohexene), heptenes,
octenes, nonenes and decenes. The preference for specific
olefins in the olefinic co-feed may depend on the purpose
of the process, such as preferred production of ethylene
or propylene.

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

(L.e. Cyt+ 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
30 and/or pentenes, even more preferably at least 50%wt of
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.



30containing at |east two carbon atons connected by a double or triple
bond. By an olefin is understood an organi c conpound containing at | east
two car bomoavoms7oennect ed by a doubl e bond. The ol ef i nPCREPREOAGEYONO- -
42 - ol efin, having one double bond, or a poly-olefin, having two or nore
doubl e bonds. Preferably olefins present4in an olefinic co-feed are
nono-ol efins. C4 olefins, also referred to as butenes (1-butene, 2-butene,
i so-butene, 5and/or butadiene), in particular C4 nono-ol efins, are
preferred conponentr® ipRotBesOh@iditiiGiCeof €rd. present Rhetetied &efins have
in the range from2 to 12, preferably in the range from3 to 10, and nore
preferably in ?h%Dﬁéhé@SFFbg?ﬁ T B IERCEEA aPbnele FOERARBFESn o?f sti t abl e
ol efins that may.de gentai pedaha ! heiehebiBbessa-dgad skRctHdesedhene,
propene, butene (one or nore of 1-butene, 2-butene, and/or iso-butene (2-
net hyl - 1- propete) ), pentene (one or nore of 1-pentene, 2- pentene,

2-net hyk - 1- but gne,cr2d@hBYh- 2t Dt 8182 r31 RBEBY st dadlvlkener s apdd pr

cycl opentene), hexene (one or nore of 1- hexene, 2-hexene, 3-hexene,

2- et hyl - 1- pent @HE, L iPNve Ry P 2Cpaftéite 2O03emBP hyPLalhentCeReRer

3-met hyl - 2- pent enguerft- BBLAY Lt dg PeRILNe1 41 A8L hyl - 2- pent ene,

2, 3-di net hyl-1- butene, 2, 3-dinethyl-2-butene, 3, 3-dinethyl-1-butene,
20met hyl cycl opeht €if@VaAALBE Y I BIRene) fepdpteries, a&t BRESS Moidites and

decenes. The pgefenence iarsspecifdeml ebhpsismd he Qletiphc.69sfeed may
depend on the purpose of the process, such as preferred production of
et hyl ehe or préopydlersd oZgpAnatpridststedkerbodPeritah&@ithefni ¢ co-feed

preferably contains, Qletibnsehaving. 4 Q% si0LEEAT DO ALOES bhvE:r s L&t
ol efins), such as butenes, pentenes, héxenes and heptenes. Mre preferably

the ol efinic fearditgwnst theockbiafi i covyetetdn conprissiés carrreastd 50 wt % of
butenes 30 and/or,. pgntenes, even nore preferably at | east 50%u of

but enes, and nost preferably at |east 90 wt % of butenes. The butene may be
1-, 2-, or isochut@r®ingngaahi ktante rafrtt wd ohe nprasckechieeédtuent #3i -

The progess according Lo Lhge Pries Qi cDLeBhi OF: fan,als0Beadeser i bed as a
process for the preparation of a |lower olefin product, I ch process
conpri ses the stepsiesf eB54)uenrackimy serlkirghtnpar afdvar fodedsnoekodinder

cracklng stream from the combined effluent,

wherein the cracker effluent and/or the conversion

effluent comprises a C4 portion comprising unsaturates,
20 and wherein the process further comprises at least

partially hydrogenating at least part of the C4 portion,

to obtain an at least partially hydrogenated C4

feedstock; and recycling at least part of the at least

partially hydrogenated C4 feedstock as recycle feedstock
25 to step a) and/or step b).



conditions in a cracking zone to obtain a cracker effluent conprising |ower
olefins; b) converting an oxygenate feedstock in an oxygenate-tool efins
conver si ONOQYHSM75conpri sing a reaction zone i n 10whi clrCcarErecagmesyat e
feedstock is contacted with an oxygenate conversion catal yst under
oxygenat e conversion conditions, to obtain a conversion effluent conprising
| ower olefins; c¢) conbining at |east pa J_pf the cracker effluent and 15at
| east part of the conversion effluent to obtain a conbined effluent, and
separating a |lower ol efin product stgeam fifranzthe conbi ned effl uent,
wherein the cracker effluent and/or the conversion effluent conprises a C4
portion conprising unsaturates, 20and wherein the process further conprises
at least partiallyhydsegenating ftedeast cpast of Jike164ppostéon, to obtain
an at |east partially hydrogenated feedstock; and recycling at |east
part of the atCPeastSipar eF AV hy Y GeEnREERY £E2¢ edtsitcGckTaseFecycl e

feedst ock 25t o-§tep @)s and/ 9fesi e b). - 44 - CLAIM5S 1. Process for the
preparation of an ol efin product conprising ethylene and/ or propylene,

whi ch process &bnpitidsédnghe Biepsti8f feedstayk cp@EKiirgnd paraffin feedst ock
conprising C2 525 ARAr ahlibpscundemn £1-a3eki pgo£ON td QS ckng £6acking zone
to obtain a cracker effluent conprising olefins; b) converfing an
oxygenat e feed3®erld in CARCHRY W0 6PEPF AS1 D MASIsN6r system conpri sing
a reaction zong) i nWK.cRian oxvgenaleteedstock -y sicont actgd yid b An
10oxygenat e conversion catal yst under oxygenate conversion conditions, to
obt ai n a conve?sibihsefconyentiednprditsimg cerhyl ehed ahd/earctppPopyPehein c¢)

conbi ning at | gasty, %rtoxggegg@eCf@efdg%roc@fEgus&ta%%oamkﬁa% part of the

conversion effluent to obfain a
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 cracker effluent and/or
the conversion effluent comprises a C4 portion comprising
unsaturates, and wherein the process further comprises at

20 least partially hydrogenating at least part of the C4
portion, to obtain an at least partially hydrogenated C4
feedstock; and recycling at least part of the at least
partially hydrogenated C4 feedstock as recycle feedstock
to step a) and/or step b).

25 2. Process according to claim 1, wherein the recycle
feedstock comprises butene, preferably at least 10 wt%
butene, and wherein the recycle feedstock comprising
butene is recycled to step b).

3. Process according to claim 2, wherein the recycle

30 feedstock is contacted with the oxygenate conversion

catalyst in the oxygenate-to-olefins reaction zone.



15conbi ned effluent, and separating an ol efin product stream conprising

et hyl ene and/ or propylene fromthe conbi ned effluent, wherein the cracker
ef f | uent wWoORHwrosr41é conversi on ef fl uent conprises a C4 POTIEPROIOOGEYRO | Si NY
unsaturates, and wherein the process further conprises at 20l east partially
hydrogenating at |east part of the C4 potii-on, to obtain an at | east
partially hydrogenated C4 feedstock; and recycling at |east part of the at
| east partially hydrogenated C4 feedstock as recycle feedstock to step a)

and/ or step b)4. 252 cRs06885rACEHIH RYatia ¢l akimads i mhekebRytbeatecycl e
feedst ock conprises butene, preferably at |east 10 w % butene, and wherein
the recycl e fetUst G CoRpPT ST PP buteré™i §°FReyd edt 018fep pyacking 3,

Process accor difg t2hak® 2romheieidkyliBaat ecys! € 30feedsteekoh s contact ed
wi th the oxygenate conversion catalyst in the oxygenate-to-olefins reaction

zone. - 45 - #ON%r GEESYPAEROT di My TG YEILEI AFSIS éiSn feHetO the

oxygenat et 0- ol @fd S, CQAVRK §H0N-syStem conpri ses an ol efin cracking zone
separate fromthe oxygenate-to-olefins reaction zone, and wherein the

recycl e feedstdckE S SEdaC6CFhENSARH N EPAcRT Nyt &dite l —45. "PrBREsS

according to apye Qe RfrtGbal ABndr fhe MLEBENEDE L RAKLLOA €QaPri ses
but adi ene, and wherein the recycle feedstock conprises butene obtained from
hydr ogenat i ng bt Ediedecdt08ck PrgdEsis c4c E8FEN LI 1awy dreMof cl aims 1-5,

wherein the regygl & dgedstosk: £omHd ses butane, preferably at |east 10 wt %
but ane, and wherein the recycle feedstock conprising butane is recycled to

step a}0 7. PPoc¥EEeREcOFAPRGIRD Tl &inm enewher@iditshd —&r atRehgin

15condi tions it he Grackiengqzons: argsekest sd- such fhat 94w or | ess of
but ane are converted during a single pass through the cracking zone. 8.

Process accor di®rplt d CamysoRetafe claidnyherzinwhies giarniciée feegetec eedst ock
conprises butapg,..praferably,at; 2018ash 40, wt g/gé)éjtégne, and wherein the
[ fee

process further conprises cracking the recycle stock conprising butane

under |ow sever i t5rreackipAgotdhl ticors alwher eviretritratécconversion is 90 wt %
or less; to obfalh a put ?Petﬁé acking %;ngnére angd Jeedi ng.parf orgal 1 of

t he butane 25cracking effluent to ste
wt% or less of butane are converted during a single pass

through the cracking zone.
8. Process according to any one of claims 1-7, wherein
the recycle feedstock comprises butane, preferably at

20 least 10 wt% butane, and wherein the process further
comprises cracking the recycle feedstock comprising
butane under low severity cracking conditions, wherein
butane conversion is 90 wt% or less, to obtain a butane
cracking effluent, and feeding part or all of the butane

25 cracking effluent to step b).
9. Process according to claim 8, further comprising
feeding steam to the oxygenate-to-olefins conversion
system, and wherein the recycle feedstock is added to the
steam, before or after subjecting the steam to

30 superheating, in particular wherein superheating is
conducted in one of a superheating furnace or a
superheating zone in a convection section of a cracking

furnace including the cracking zone.



9. Process according to claim8, further conprising feeding steamto the
oxygenat e-t o-ol efi ns conversion system and wherein the recycle feedstock

i s added wo 2bh&53476am before or after subjecting the sPEAMPRE0/066980
30superheating, in particular wherein superheating is conducted in one of a
super heati ng furnace or a superheating-zéhe in a convection section of a
cracki ng furnace including the cracking zone. - 46 - 10. Process
according to any one of clainms 6-9, wherein at |east part of the butane is

obt ai ned by hyds ogenaldsRgadbsad EALEsS ahkoBht her G4 Ppafst i60D, wherdiln Process
according to any one of clains 6-10, wherein 5the recycle feedstock that is

subj ected to citackidiy &Rl PF onde cotpricses PREIIIHARYLOYRF 95 ereat iy at es.

12. Process acg@sglingick@ anymone afs ¢Jaitien6- 11, wherein the recycle
feedstock that is subjected to cracking conditions conprises butane

obt ai ned by fit5st BEESE ¢6F9r 4o drogerabPfigta €A Saérit8n BEeEHe conbi ned

effluent to obt@d naRakt kyc-hydsogenated sChugfdduent.o andckung her
hydrogenating the partly hydrogenated C4 effluent to convert butene to

butane. 13. ProeEdsioacc6PEPRgE D @i dhélot O ctat i SErgrahférei n 15t he

l'ight paraffin;feedsiQek aerprises @ hageonands Wherieisn sthe, cracki ng
conditions in the cracki ng zone are selected such that 60 wt% or |ess of
et hane in the thgHteParlar fPAIP erEStOEK afesSebnverieddGrPAgiadsi ngl e pass

through the cragking AQNeomgPldes INiegabeda syst ey frar sthe. pLeparat, on of
an ol efin product conprising ethylene and/or propyl ene, which system

conpri 5&s a) &tEmnstlagksng? systEmoraet nghonecsringsr et atet’s for a

paraffin feedstQck £oMpLL-$h PO G2 5o lRicRAr ahf Lps ang 25skeam-cgnd an outl et
for a cracker effluent conmprising C2 - C4 olefins; 'b) an

oxygenat e-t o- ohediauerésaver shorPaystemydhavengt ohe orefmrentntets for

recei ving an oxygenat e feedstock, .and conprising a reaction zone for
contacting the oxygenate 30feedstock with an oxygenate conversion catal yst
under 13. Process according to any one of claims 1-9, wherein

15 the light paraffin feedstock comprises ethane, and
wherein the cracking conditions in the cracking zone are
selected such that 60 wt% or less of ethane in the light
paraffin feedstock are converted during a single pass
through the cracking zone.

20 14. Integrated system for the preparation of an olefin
product comprising ethylene and/or propylene, which
system comprises
a) a steam cracking system having one or more inlets for
a paraffin feedstock comprising C2 - C5 paraffins and

25 steam, and an outlet for a cracker effluent comprising C2
- C4 olefins;

b) an oxygenate-to-olefins conversion system, having one
or more inlets for receiving an oxygenate feedstock, and
comprising a reaction zone for contacting the oxygenate

30 feedstock with an oxygenate conversion catalyst under
oxygenate conversion conditions, and an outlet for a

conversion effluent comprising C2Z - C4 olefins;



oxygenat e conversion conditions, and an outlet for a conversion effluent
conprising C2 - C4 olefins; - 47 - c) a work-up section arranged to

recei ve awolenss7ggart of the cracker effluent and at | east/Rrarin/oedse he
conversion effluent to obtain a conbined effluent, the work-up section
conprising a separation system an outtet75for a | ower ol efin product
stream and a hydrogenation unit for at |east partially hydrogenating at

| east part of a C4 portion fromthe conbined effluent, an outlet for an at

| east partial | y) hydregenabede &4 dieedstagky and-dmans her 1egeycldng at | east
part of the at |east 10p artlal%% hy dro%enated C4 feedstock to step the
st eam cr acki ng°systerandrer ¢t afé- + 820t efdfis °éohV8r si on system

conversion effluent to obtain a combined effluent, the
work—-up section comprising a separation system, an outlet

5 for a lower olefin product stream, and a hydrogenation
unit for at least partially hydrogenating at least part
of a C4 portion from the combined effluent, an outlet for
an at least partially hydrogenated C4 feedstock; and
means for recycling at least part of the at least

10 partially hydrogenated C4 feedstock to step the steam
cracking system and/or the oxygenate-to-olefins

conversion system.



