WD 2012/ 101092PCT/ EP2012/ 050988 - 1 - PROCESS FOR THE PRODUCTI ON OF
ETHYLENE OXI DE The present invention relates to a process for the

product i omoab12¢moiopkene oxi de. I n recent years, increasi rgTHPR@RFERS has
been given to the exploration and utilisdtion of natural gas 5resources
around the gl obe. A disadvantage of natural gas with respect to oil is the
difficulty to transport large volunes of natural gas fromthe source to the
market. Che way of BRPVEFSNTRy fHanchorvshe Rashr2riguE F sOBYOR | quef yi ng
the natural gas and to transport the liquefied 10natural gas (LNG).

Anot her way is to convert the nethane in the natural gas to liquid
derivatives, whi dhecamesless Bavendisporredtars el at brecesse foonéhie qui d

derivative o%)rio Hlecrt%%tn[ Ry eft r 1ie@15et an %ebe nonoet hyl ene glycol (MEG. MEG
is a 15liquid at roomtenperature and can therefore be suitably
transported. MEGInS rpreduc e aly, r eactieng ieighyltere taxndeasi thenatgeren I n
W200236532, a process for preparing ethylene oxide from nethane is
described. | o & SpEFPeSL 23 CPOWIP0 36532t Livdt RAn &St T édn¥ért ed to

met hapol , Vi & 3ypgas,s and hhe dikt hangle i $ subsequently canvernted it -2
product stream conprising ethylene via a Methanol -tod efins (MO process.

The product stidgdmresmppdtsds, dind dddithiconlitfd istiydvente, talesegeartaflfandgiec
conmpounds, sucll as 25%t hane. The praduct it n of et haq:e as a bé- rtod ct in
sai d et hyl end préfiction Proces§4%s For" &xXanmpioe aSs o it 8§64 90369
and U5713258@ay of cHTase epansf firkingpeonmeunds: tarre 1separ atsethf rom t he
ethylene prior to sending the ethylene to the ethyl ene 30o0xidation unit.
The et hane i§J§W§ﬁ@&mpyt%@npa§§rpdepa§0a@d.to transport the liquefied

10 natural gas (LNG).

Another way is to convert the methane in the natural
gas to liquid derivatives, which can also be transported
at relative ease. One liquid derivative of interest may
for instance be monoethylene glycol (MEG). MEG is a

15 liquid at room temperature and can therefore be suitably
transported. MEG is produced by reacting ethylene oxide
with water.

In WO200236532, a process for preparing ethylene
oxide from methane is described. In the process of

20 W0200236532, methane is converted to methanol, via
syngas, and the methanol is subsequently converted to a
product stream comprising ethylene via a Methanol-to-
Olefins (MTO) process. The product steam comprises, in
addition to ethylene, also paraffinic compounds, such as

25 ethane. The production of ethane as a by-product in said
ethylene production process is for example also disclosed
in US59920369 and US7132580.

These paraffinic compounds are separated from the
ethylene prior to sending the ethylene to the ethylene

30 oxidation unit. The ethane is typically sent as fuel to a

furnace. However, the separation of ethane from ethylene



furnace. However, the separation of ethane fromethylene WO

2012/ 101092PCT/ EP2012/ 050988 - 2 - leads to |loss of ethylene as part of the
et hyl ene wDI2012@1092noved t ogether with the ethane, in p&CTiEPR012/050988 a hi gh

purity of the ethylene is sought. Conséqdently, ethylene oxide and thus MEG
yi el ds of the process, based on the 5nethane provided, are reduced. An

obj ect of the present .invention.is to provide a process. far the production
of ethyl ene GAAE BY Brotuiing LEHtenE S inidr ST6m SR Jharate. such
as nethanol, R RIOAUCIHG ot hyltene nexide by  oxirdafan Qfl -saiid LOetikyl ene,

whi ch process does not have the above drawback. Surprisingly, it was found
that the abowelrditaivedcKhies edvilgad By means tof Camsiatiuegitdtved gHodess

wherein et hylogﬂ%ei SR %%%%e%%taiﬁ%q\é%r té)ifﬂgrk]% %%rg\%%@sco%rsie? ng ap oxygenate

into a stream conprising et e an eréin ethyl'éne and et hane
from she | at trerthstrice@moarielesiybjeeet eddiacoXxi dati on conditions resulting in

the desired ethyl ene oxide. Accardi ngly, the present invention
relates to a proé®s&P6CEYU RE PREdRCESER tof- "EEMHIERe 16X itde PTOIHPE §i ng 20t he

steps of:  preducing ethylene Ry 1Conver g 13 n3t SaML WPHSIRNG 181y
oxygenate into a stream conprising ethylene and et hane; producing ethyl ene
oxi de by subjegdtviliegeetohy lcome cansd 25 etthame drvomnEhie /s tsugdmaso mertihsineg ,

et hyl ene and _et hane 10 .0xi d% i

S ol roduci 2 %?%%n%PQQJEkP@§ %%%%B%L% %% %a%%rean]
conpri sing etahf/jl ENE OXiTde, “Unconvér 6d “ét h)}’l &he “and &t Ran&®*and recoveri ng
et hyl ene oxi deHynemed, herhStidhe AcCRIRY IdBIRg not have the above drawback.

Surprisingly, it was found that the above drawback is
avoided by means of an integrated process wherein
ethylene is produced by converting a stream comprising an
oxygenate into a stream comprising ethylene and ethane,

15 wherein ethylene and ethane from the latter stream are
subjected to oxidation conditions resulting in the
desired ethylene oxide.

Accordingly, the present invention relates to a
process for the production of ethylene oxide, comprising

20 the steps of:

producing ethylene by converting a stream comprising
an oxygenate into a stream comprising ethylene and
ethane;

producing ethylene oxide by subjecting ethylene and

25 ethane from the stream comprising ethylene and ethane to
oxidation conditions resulting in a stream comprising
ethylene oxide, unconverted ethylene and ethane; and
recovering ethylene oxide from the stream comprising
ethylene oxide, unconverted ethylene and ethane.
30 An advantage of the present invention is that no
ethane has to be separated from the ethylene containing

product stream that results from the ethylene production

step. This results in a much simpler overall process



et hyl ene oxi de, unconverted et hyl ene and et hane. 30An advantage of the
present invention is that no ethane has to be separated fromthe ethyl ene
cont ai ni yopprdwe2stream that results fromthe ethyl en@CprEPAUCHFERS St ep.
This results in a much sinpler overall prfocess WO

2012/ 101092PCT/ EP2012/ 050988 - 3 - using | ess separation processes and
equi pnent, as co red to for exanple the process of Figure 1 of

above- nent i onéd"ds GRS AP aiPTEd S5E SColPtih SH8 1 She /26 Sand furt her of
sai d US59903@%@?1@e%iait% WR20Q236932 t9ln addiddsonf trheguren-segaraied-et hane
u

advant ageously functions as a ballast gas in the next ethylene oxidation
step so that M6 taronsghISari0a19%y dse%é@m'mﬁdo@ézl dedlumastl Ogad imgeds t o be

added. Becau hdi zi Nt equi red, it is i rt to control

t he safe opefda(@?fbd;aIr}iut(%i/%h%(‘)%lp %?ﬁ%qﬁegjcsﬁ%ogrr? 3m xtaﬁl?ie,sa\%j: ivﬁjzc%@% 396?%te2r'al |y be done
by addi ng a bal | ast agad .t iCaymehecbalhastpgasesd rthhe epraducttiaoroafs 18t hyl ene
oxi de by oxidation of ethylene, are nitrogen and nethane. Still further,

separati on oft U Sfedm ConprildiShg IEFethy Eife "ard StraAE e ST G OFr om

the ethyl ene product iton Step f e RLRSeNt PNRGESS dS radyant agaausly
automatically, and at least partially, effected in the ethylene oxide

producti on stoep wesdsi ta e etdddden&dcsiisensiined larid iconveredd lisnt o

et hyl ene oxi de which can he ZOS%Q%r atte(% nor e .eas t)ﬁefro t he non-.cloq:syuned

et hane. ASIYRESE and St heP AdVANT ades et T & S fosPantiart

reducti on of cexperdirture,i chomietatrl, e whad\WhngSinorceeStas 1f0heC Alpre$Si on,
refrigeration, etc. needed for separating ethane fromthe ethyl ene. These
and ot her 25&@¢dmlage2arésfurttifer CPESEH bed I5sitowases 1EB13F4613 di scl oses

the use of ethianecasc bal last 9as idkile Wf educetian0f ety ene.oxi de from

et hyl ene. However, the integrated process of the present invéntion is not

di scl osed anaries migirtdygen suggesttédinen GB1314613. 30The et hyl ene oxi dati on

step in the preS%%Elqr %%% er, separation of the stream comprising

15 ethylene and ethane resulting from the ethylene
production step of the present process is advantageously
automatically, and at least partially, effected in the
ethylene oxide production step wherein the ethylene is
consumed and converted into ethylene oxide which can be

20 separated more easily from the non-consumed ethane.

All these and other advantages result in a
substantial reduction of expenditure, for example savings
on costs for compression, refrigeration, etc. needed for
separating ethane from the ethylene. These and other

25 advantages are further described below.

GB1314613 discloses the use of ethane as a ballast
gas in the production of ethylene oxide from ethylene.
However, the integrated process of the present invention
is not disclosed and is neither suggested in GB1314613.

30 The ethylene oxidation step in the present process
results in a stream comprising ethylene oxide,
unconverted ethylene and ethane. The ethylene oxide can

be recovered easily from such stream by means of methods



results in a stream conprising ethyl ene oxide, unconverted ethyl ene and

et hane. The et hyl ene oxi de can be recovered easily from such stream by
means of Wethd®10990 2012/ 101092PCT/ EP2012/ 050988 - 4 - PKMAERR0I2O598S
skilled person. That is to say, ethylene“xide may be separated from said
stream conpri sing ethyl ene oxide, unconverted ethylene and et hane resulting

in a stream conprising.unconverted et hylene and ethane. 5Th nconverted
ethyl ene and ThE etHaNds FomILie ST s LPEim fay e Sec Fafeld ict hi n t he

present process Ne8dvantageousias e gonvert ed rand remgsad,iespectively,
after such recycle. After ethylene oxide is separated fromsaid stream
conpri si ng etfivé@covixdele  uneeveietrdd d Gativiesre a@nd edtisdre ramd Lisefer e
such recycl e .of _t i_ni . rt I et_hane, car bon
ioxi do 15 1 dmoved TR TRt Hay R Tt B AP R e 1 s
renmoved. Sai dhearnenndicoxicde avy ke praoduced igtHahe oyl ene axitder
production step. Ways of 15renovi ng carbon di oxi de, such as a caustic wash,

are known to Sttﬁ§a§ki1qaiyec§’epére§(¥ﬁ.leﬁhé“’lrt_éﬁﬁ\/é@ecé)rrﬁﬁﬁn&i @HO(T@Sr?afnﬁie used to
produce net hanglan da@pdr egen And sald @ ben diexi de pnrd rapidignal |y

car bon nonoxi de, which nethanol can then be used as a.f eedstock for the
et hyl ene 20prddgst isoiehs treys vediepr iAditey etygeratee ccomigerisi errrefrattesl pr esent

i nventi on. Uncon\éerted a%t hC&Q ene, .and %[%;[I onal l vy .et hane, from.t Qie stream

conpri sing etfﬁﬁmer?éﬂoxis&er,e uncorrln\?é:rltselélgetehy yelr%lean léjtehaﬁlélcroélgu rttieng from

the sbep of preducnrg sefdhytenrec2%ex de iy keidheeyeved o ot hate st ep of
produci ng ethyl ene oxide. That is to say, either part or all unconverted
et hyl ene, andSERTGRA W COMERE LT & Hhedyreite dTich SStéh Swa B YTIHE Te8y ¢l ed

unconverted efihyliene ;is then advantagequsly s%ﬁ;@v%ritt%%ra%aﬁt ﬁir“ ahhat

et hyl ene oxidation step. 30Further, the recycled ethane’is then
advant ageousloproen used ials d shaldmastedgasainl tdaatocet lilcerielcoxiadaticon st ep.
In produced in the ethylene oxide production step. Ways of
15 removing carbon dioxide, such as a caustic wash, are
known to the skilled person. The removed carbon dioxide
may be used to produce methanol, from hydrogen and said
carbon dioxide and optionally carbon monoxide, which
methanol can then be used as a feedstock for the ethylene
20 production step comprising oxygenate conversion of the
present invention.

Unconverted ethylene, and optionally ethane, from the
stream comprising ethylene oxide, unconverted ethylene
and ethane resulting from the step of producing ethylene

25 oxide may be recycled to that step of producing ethylene
oxide. That is to say, either part or all unconverted
ethylene, and optionally ethane, is recycled in such way.
The recycled unconverted ethylene is then advantageously
converted as yet in that ethylene oxidation step.

30 Further, the recycled ethane is then advantageously re-
used as a ballast gas in that ethylene oxidation step. In
this embodiment, preferably, a stream comprising

unconverted ethylene and ethane is separated from the



this enbodi nent, preferably, a stream conprising unconverted ethyl ene and
ethane is separated fromthe WD 2012/101092PCT/ EP2012/050988 - 5 - stream
conpri si Nyoedtylogese oxi de, unconverted et hyl ene and et h&a@/RPe&IRI050988) f r om
the step of producing ethyl ene oxide, and i's then recycled to the step of
produci ng et hyl ene oxi de. Such recycle has both said advantages in 5t hat
conversion of unconverted eth g?e into ethylene oxide is effected as yet,

|
wher eas 1 e- uSe TEPTRtRERE 183 1Y FANYAST S8 8 oG B EEHEd S R Ss ane

tine. Wherg idtrihe Reesamti rsPetid Gatd %&erpefo%‘r %&%@dc&_nga%%htyqern%?yd I'ng
to the "step of producing ethylene oxide", 10"ethylene oxide production
step" or "etloyigive @xidddts et @eCysich tot épensttesniof Eawsiis ifige st ep(s)
of productio f qt iredproduct.in_g ti but_.aj p(. of
wor k- up of t%é:% rloe %c%ﬁzltdreéar%%lcﬁl %%é: tc{loen%%%n bg)%lo;é‘larrl@ntsd%é;farﬁtetﬁ?e%r e@%nt

i nvendi on i s t$haowadnvekskioguog Linconverdted ke Hlewes dhene cafh Hiegdr e 1,
stream 1 conprising a feed containing an oxygenate is fed to ethyl ene

product i on ufPEae 1§t rddRd oSt iYSitng "etthfcené Sand Setfafd ARG St dam 4

conprising am axiditZignG agent,s-suar 2033 hirghrRurddy exygen or air, are fed
to ethyl ene oxide production unit 5. Stream 6 conprising ethyl ene oxide,
unconverted et hylamee enhane amescaitbopedildiicds liog gedereocet hyl enelcoxi de

separation unit 7. Ethyl ene i de i.s_recovered via stream8. Further,
stream 9 compfi S9g DT TneonVert of eFhy g O Ae NG JCAFDSR ok de i s
splitointo twetsyhsinceans d2a padiudHr.i cbuksigpeamria dtsh yeeycloed d=a ietrhyl ene
oxi de production unit 5. Substream 9b is fed to carbon di oxi de renoval unit
10. Stream 1F5tEEnpr iS¥ichg SfComper &d YetdnyIedive tartd Sétedve i°f split into two

30subst reans ha, and ;LD (Subst ream.ha is Jecyclied fo qthyl eng oxide

production unit 5. Substreaml|lb is fed to ethyl ene/ethane separation unit
12. Stream 13heomirepsisng afneomkeniced fettingd ene dus tr edyelagd 1o cetdsydieme oxi de
Vo 2012/101092PC££EE%_% i%%%_8%f the present invention is shown in

15 Figure 1.

In the flow scheme of Figure 1, stream 1 comprising a
feed containing an oxygenate is fed to ethylene
production unit 2. Stream 3 comprising ethylene and
ethane and stream 4 comprising an oxidizing agent, such

20 as high-purity oxygen or air, are fed to ethylene oxide
production unit 5. Stream 6 comprising ethylene oxide,
unconverted ethylene, ethane and carbon dioxide is sent
to ethylene oxide separation unit 7. Ethylene oxide is
recovered via stream 8. Further, stream 9 comprising

25 unconverted ethylene, ethane and carbon dioxide is split
into two substreams %a and 9b. Substream 9a is recycled
to ethylene oxide production unit 5. Substream 9b is fed
to carbon dioxide removal unit 10. Stream 11 comprising
unconverted ethylene and ethane is split into two

30 substreams 1la and 1lb. Substream 1la is recycled to
ethylene oxide production unit 5. Substream 11b is fed to
ethylene/ethane separation unit 12. Stream 13 comprising

unconverted ethylene is recycled to ethylene oxide



- 6 - production unit 5. Stream 14 conprising ethane may be di scarded.
Further, a third stream nay be separated in ethyl ene/ ethane separation unit
12, nanelwyoaotxpideeed stream conpri si ng uncondensabl e EOFEPAEQH0S98SUCh as
5oxygen and/or argon (said third stream fot” shown in Figure 1). Still
further, stream 3 nmay be subjected to hydrotreatnent in a hydrotreater unit

before entering ethyl ene oxide production unit 5 (said hydrotreater unit
not shown inplfi%éiﬁjrcé;yl ok o%/etsttrfﬁ)m z}(?‘elcﬁngﬁéspl&@s AN Ygétteral , in

the conversi on sofa rafe OXYEENRS,, SUGH 3% NBERAROK Y MO Rihwenre hydr ogen
may be produced as a byproduct. Separating hydrogen fromthe stream

conpri si ng etdilvds@cdiedhefisarerag atdoresgarnt i1, nanednmg d¢orobtlaiasi ng t he

advant ages of r t. J.nventi SCri rei Lt i s even
preferred t hasttgr%%gfé:g%ﬁ}ﬁsfl@l ngl%cggld%g%sjas%g%a%b%%%fe%tr%’t %élclhat “er stream
In thbs way, catydeeasindpant aafgonhe saydr agenrd ey reeanused tshosonvert at | east

part of the acetylene. In the ethylene oxide production step of the present

20pr ocess, etiyl%Eire loxi delils Frs d BV ISEB) ec g Bt iyPeiré tand Tt hane

fromthe streamcomtsicng ahhyl eneand ethanen  or iginatd ng dsamdt he
et hyl ene production step, to oxidation conditions resulting in a stream
conpri sing etsylvémeeoxixdele wproomegritoed vetily 1S%enes sdand sethaseter undn

advant age of ntoh:e present pr.ocess 1i)s ttohactontvheertpr(%lducc;jtcesct ream rq:seljsletnitng from
t he et hyl ene pr oduction steﬁI also ‘conprises et fane, 2 G Yaddit forr 10 et hyl ene

that10s to banoxjediezed ,i nnt k@ anexnvelrep.onEldfang ickyaesuitlegblseic30bal | ast gas
in the oxidation of ethylene. As discussed above, normally nitrogen or
net hane i s ad@édaadla BAINCastthydSTien hvie oghd EYo R Co P TOASEN &S NowXhat i n

e ooas IS5 EIaRR IR PR P W2 10100
ethylene and ethane is not essential in terms of
obtaining the advantages of the present invention as

15 described herein. It is even preferred that hydrogen, if
any, 1is not separated from the latter stream. In this
way, at least part of the hydrogen may be used to convert
at least part of the acetylene.

In the ethylene oxide production step of the present

20 process, ethylene oxide is produced by subjecting
ethylene and ethane from the stream comprising ethylene
and ethane, originating from the ethylene production
step, to oxidation conditions resulting in a stream
comprising ethylene oxide, unconverted ethylene and

25 ethane.

An advantage of the present process is that the
product stream resulting from the ethylene production
step also comprises ethane, in addition to ethylene that
is to be oxidized in the next step. Ethane is a suitable

30 ballast gas in the oxidation of ethylene. As discussed
above, normally nitrogen or methane is added as a ballast
gas in the oxidation of ethylene. Now that in the present

invention, ethane present in the ethylene containing



product streamresulting fromthe ethyl ene production step functions as a
bal l ast gas in the ethyl ene oxide production step, no or substantially |ess
of a sepawateiialidvast gas, such as nitrogen or nethane, POREPR@ 21080988 dded.
This results in a nmuch sinpler and noré& efficient ethyl ene oxidation
process. In the ethyl ene oxide production step of the present process,

et hyl ene and et hane fromthe stream canpri si ng hyl ene and et hane are
cont act ed Wi © O4 O ISHEEIy FEGHIATIS HEG O £y LEgn® TRy tia O gh puri ty

oxygen or ai r&te?ﬂtfu'n%tﬁro%fsera%blay HRI1GRRUIGELY 19X Y gen Myl Ry, haxe a purity
greater than 90% preferably greater than 95% nore preferably greater than
99% and nosPredeicérianl yticeater ArhambeF.ag9%l afyipi d&lssr edctsl errgrédsur es are
1- 40 15bar, i—t;ahl.y -3 r, .a i cal i t eratyres are

100- 400C, su?’;éalt}%%tzé?é-%?,o%&f% 20 e 5 o SR L &thii%ene and

et hang, respecidedel yhias rfeadiltte tilme setduyihena noXicde sprodivetd @t fStdpnaf t he
present process, may be of from 10 to 90 20wt.% suitably of from20 to 80
W . % of et hylSeme, 1 3ivd °F6 & 108 WEHESSui tably of from 80 to 20 wt. % of

et hane, respectivel yncalln3aicdammupls pased annt ke fotal @murt f it he
stream or the streans conprising ethylene and/or ethane as fed to said

et hyl ene oxi dequesductetdry lsthep anzb Fidamenifimem ddsustt refare doyicenes 1agy

referred to above may be 1 % 5 w.% 1 .9%. .20 wt . 9%..25 wt.% 30 wt.%
o S ot or RS A Ertfent APt w2t B3 0 30 8

W . %095 WM. %23 WMThY o8Q dtzi%g aQentt. Ha 6B eMnhiYh o nitt. W5 ent o% or 45
Ww. % The m ninmum anount 30 of ethane as referred to above may be 1 w.%

5 w.% 10 w@i% 20twmlsoPred ey 36 G PAet Y3D¥MI% YWIReE ThibdYmimvanount

of ethane as o E%ﬁ% g%%a%QQV%h%Eysﬁ@w9%m%%é%b5% @@Qater than 95%,
2012/ 101092PCT/ EP2012/7050988 - 8 - wt.% 90 wt. % 80 w. % /70 wt. % 60

w. % 55 wt mo%e 30afteralhlor dBamerf%than 99N cage mose etrtwyfearad lpr oduct i on
step comprising gxyoepate (conver 3.0 d9es ok 'S Yk st 2 T ¢l gnt et hane
15 bar, suitably 10-30 bar, and typical reaction
temperatures are 100-400°C, suitably 200-300°C.
Further, the amounts of ethylene and ethane,
respectively, as fed to the ethylene oxide production
step of the present process, may be of from 10 to 920
20 wt.%, suitably of from 20 to 80 wt.% of ethylene, and 90
to 10 wt.%, suitably of from 80 to 20 wt.% of ethane,
respectively, all said amounts based on the total amount
of the stream or the streams comprising ethylene and/or
ethane as fed to said ethylene oxide production step.
25 The minimum amount of ethylene as referred to above
may be 1 wt.%, 5 wt.%, 10 wt.%, 20 wt.%, 25 wt.%, 30 wt.%
or 35 wt.%. The maximum amount of ethylene as referred to
above may be 99 wt.%, 95 wt.%, 90 wt.%, 80 wt.%, 70 wt.%,
60 wt.%, 55 wt.%, 50 wt.% or 45 wt.%. The minimum amount
30 of ethane as referred to above may be 1 wt.%, 5 wt.%, 10
wt.%, 20 wt.%, 25 wt.%, 30 wt.% or 35 wt.%. The maximum

amount of ethane as referred to above may be 99 wt.%, 95



5for use as ballast gas in the ethylene oxide production step, additional
et hane nmay be added to the ethyl ene oxide production step. The source of

t he et harworeale/toeo9any sour ce. For exanpl e, additional ePhamP20mPs©O8S gi nat e
from steam cracki ng a hydrocarbon stream®s further 10di scussed bel ow.

Addi ti onal ethane may be added in such anount that the anpunt of ethane as

referred to ahove falls wt naméo %bo nt|o d ranges for
et hane. Furt f&r %7 t9% %prefgj “r && that’ 9 l’?’eﬁt hW ene gg’ & -18prdduct i on

step of the piesentr progess,. the ethyl ene and et hane are contacted with a
catal yst, preferably a silver containing catalyst. A typical reactor for
t he et hyl ene oxid& ;@ra@@u@heo@téwéﬁn@om0§w§t@fonaﬁt@@s@@@wl@ﬂn@ubes t hat

are packed wif é,g%%taac'ey Fole g%' aste! ot rfaund the s%‘%rf%%‘i e%t?l%]

removing the % tion ermtting temperature con case
a silyger contf@amiug cat aula)litaslts gmdnl rtmdw@teiyhydmexaﬂed@r@rd@;dﬂatdmn step
of the present process, the silver in the silver containing catalyst is

25preferably St he Iditrhoor lsigthen Sofitde P Pree é@ e VSt

conpri sing pajdiie) e3-0Menaidh Sidayer mhe deResid ed O e LaLma S abl e
carrier materials include refractory materials, such as alum na, nmagnesia,

zirconia, silanyasand as xtF@rre§><tah®rl@of adﬁhé:l@@taél ;@§tharm@y 130alosd WWonta n a

pronoter co nent, n| um ungst en enum mum nitrate-
or nitrite-forr%mngSt(:egnnggtf aivd ct(%1 T At | |%)r?§l theré%]f aSP%; raebly, t he

catalyst is @11@@1@5@;@&eiél@ai.alwl,tlfo@lralek&mln@ iyt e WAded in such

2012/ 101092PCT/ EP2012/ 050988 - 9 - formof a fixed catalyst bed, or a

powder ed caté@?@@F fi&et the amount of ethane as referred to above
falls within any of the above-mentioned ranges for
ethane.

Further, it is preferred that in the ethylene oxide

15 production step of the present process, the ethylene and
ethane are contacted with a catalyst, preferably a silver
containing catalyst. A typical reactor for the ethylene
oxide production step consists of an assembly of tubes
that are packed with catalyst. A coolant may surround the

20 reactor tubes, removing the reaction heat and permitting
temperature control.

In case a silver containing catalyst is used in the
ethylene oxide production step of the present process,
the silver in the silver containing catalyst is

25 preferably in the form of silver oxide. Preferred is a
catalyst comprising particles wherein silver is deposited
on a carrier. Suitable carrier materials include
refractory materials, such as alumina, magnesia,
zirconia, silica and mixtures thereof. The catalyst may

30 also contain a promoter component, e.g. rhenium,
tungsten, molybdenum, chromium, nitrate- or nitrite-
forming compounds and combinations thereof. Preferably,

the catalyst is a pelletized catalyst, for example in the



exanple in the formof a fluidized catal yst bed. The nature of the

et hyl ene oxidation catalyst, if any, is not essential in terns of obtaining
t he Sadvawoagesionf2t he present invention as descri bed hec®inr201Zio80988rount of
the ethyl ene oxidation catalyst is neithér "essential. If a catalyst is
used, preferably a catalytically effective anobunt of the catalyst is used,

that is to s an unt, sufficient to pronote the 10et hyl ene oxi dation
reacti on. Al CRGUGH '8 SPecil EXGANETT Po0r 6dt & yob I ot =ertical 106 t he
invention, preferarce mybegxpiessed1iakdivee oftheggatalyst in such an

anount that the gas hourly space velocity (GHSéi is of from100 to 50, 000
hr-1, suitably offhfer omts506 tod 2Z0.c06Ghy3Iene] 0% loni calbley veft,f Aidm 1, 000 to

10, 000 hr-1, t .sui tabl f .f.rogm.2, to 4, r-.1. In the present
specificatioﬁggﬁGﬁ%vné;‘%ii%nﬁ&3ﬁ1ﬁgéggggmbéﬁbg%%f'Pé%ﬁhghﬁnit vol une of
gas abt nor maladvemper@aisuiogd amd pressute ieGt ibrnatarospherdbdd @erkQh.3
20kPa) passing over one unit volunme of catal yst per haur. A noder at or,

for exanple PECERVd Cde 5o it FEVEFEs OFgNEEHICSr G&ttRdie Y etthyie1dREdT i de)

vinyl chloride<Qndighl arroet hane,; ke suppl ied Aoraat @l yst performance
control in the ethylene oxide production step of the 25present process.

Most sui t abl yatetlwdicehllor iedd dod irsedmount Nidéhat ors allystt dan Usedsui t abl y

used in the hyl ene ,oxi de production st of th resent. process are al so
i sl osed | n ABoveint (oied CRISAGIST THG i LclGadre b i gh i s her ol n

i ncor por at ed y yneher encela tGBh31461H3 i130di scltesesH he syse 1afi carpuamiiiliyt or
(that is to Zﬁy, a noderator), selected fromethylene dichloride, vinyl
chloride, di &Hl 6°865enEéneS oo CRIGroenFénd edileMedriond hare teardce

chl ori nat ed phenylcs .chi-oricpated W0 20124101092RCTER2012/ 050988 - 10 -
bi phenyl s and chl ori nated pol yphenyls, in the production of ethylene oxide
from et hyl enemount that the gas hourly space velocity (GHSV) is of
from 100 to 50,000 hrﬂy suitably of from 500 to 20,000
15 hrﬂy more suitably of from 1,000 to 10,000 hrﬂy most
suitably of from 2,000 to 4,000 hr'.

In the present specification, "GHSV" or gas hourly
space velocity 1s the unit volume of gas at normal
temperature and pressure (0 °C, 1 atmosphere, i.e. 101.3

20 kPa) passing over one unit volume of catalyst per hour.

A moderator, for example a chlorohydrocarbon such as
monochloroethane (ethyl chloride), vinyl chloride or
dichloroethane, may be supplied for catalyst performance
control in the ethylene oxide production step of the

25 present process. Most suitably, ethyl chloride is used.

Moderators that can be suitably used in the ethylene
oxide production step of the present process are also
disclosed in above-mentioned GB1314613, the disclosure of
which is herein incorporated by reference. GB1314613

30 discloses the use of an inhibitor (that is to say, a
moderator), selected from ethylene dichloride, vinyl
chloride, dichlorobenzene, monochlorobenzene,

dichloromethane, and chlorinated phenyls, chlorinated



The nature of the noderator, if any, is not essential in terns of obtaining
t he advantages of the present 5invention as described herein. The anmount of
t he noderwiDan1y®i10%i t her essential. The anount of such rOW&P2012/051988 t he
reaction mxture may range from1 part~pe? Tillion by volume (ppmv) to 2
vol.% suitably 1 to 1,000 ppnv. The m ni nrum anount of noderator in the

10reaction m xture be 0 ppmv, 0,2 ppny, 0,5 ppnv, .1 ppnv, ppmv, 5
PPy 10 ppmb STSBY oo e e TSR ABGRSar Hodarai:r FHOEWE Gisket | on
mxture may Rg 2t¥Ql1%e bxM@le %rok QG ARMe. 800 ppnv or 700 ppmv. A
suitabl e range for the anmount of noderator that can 15be used in the

ethyl ene oxi de pfléduesitomestdp tofe theleppésant 1gr 6oess Liss nalts @sdiesélioded in
above‘”ent'OQ%ﬁt%§%%1%§1%HH%i%§E%t%%% %%v% N %V%ﬁﬁgﬂkJ?ﬂ%QﬁQﬁPUp of
0 say, nmo as

specific inhibitors (that 1s erators isclfosed in said
GB1314613, t Hevdinsdloos urse defs artiicedl ihe r2Qher d@ihe ianeomporat eteby ref erence.

Exanpl es of ethyl ene oxidation processes, .including catalysts and other

process condMAdEHEO%r & 5f O léx&ripISE SErdcitdsed fien 0SPG8 £345 and

above- ment i onediGRBI314613.  Hihe LdisclRsuies Qf Waichae helei n ijacqr porated
by 25reference. Al of these ethyl ene oxidation processes are suitable for

t he et hyl ene rexi ddtlilaerstoep vofl urige (proaventtd Avemtli.gn. sultabllye Ipritocess of

the present in tion _conprises.a step of .praducin t hyl.ene whi ch step
conpr ses coriarl G 300 S uth Ay A Al s Lt ep Tt he

oxygeonat e i n riche tSioheam-eomRy nSivno e 10xppgenate 2 $reanver,tsedoe ,an ol efin
(said ethylene) by an Oxygenateto-Q efins (OTQ_ process. WO |
2012/ 101092PEFFER261 2Pg50988 PPy 10 ppmv or 50 ppmv. The maximum

amount of moderator in the reaction mixture may be 2
vol.%, 1 vol.%, 1,000 ppnv, 800 ppmv or 700 ppmv.

A suitable range for the amount of moderator that can

15 be used in the ethylene oxide production step of the
present process i1s also disclosed in above-mentioned
GB1314613 in relation to the above-mentioned group of
specific inhibitors (that is to say, moderators) as
disclosed in said GB1314613, the disclosure of which is

20 herein incorporated by reference.

Examples of ethylene oxidation processes, including
catalysts and other process conditions, are for example
disclosed in US520090281345 and above-mentioned GB1314613,
the disclosures of which are herein incorporated by

25 reference. All of these ethylene oxidation processes are
suitable for the ethylene oxidation step of the present
invention.

The process of the present invention comprises a step
of producing ethylene which step comprises converting a

30 stream comprising an oxygenate. In this step, the
oxygenate in the stream comprising the oxygenate is
converted to an olefin (said ethylene) by an Oxygenate-

to-0lefins (OTO) process.



Wthin the present specification, an "oxygenate" means a conpound which
contains at | east one oxygen-bonded al kyl group. The al kyl group preferably
is a Cl- Xoabikyloiggeoup, nore preferably a Cl-C2 al kyl gPOTEP2NMA/0MISE
Spreferably a O alkyl group. The oxygenate may conprise one or nore of
such oxygen-bonded O -C4 al kyl groups. Preferably, the oxygenate conprises

one or two oxygen-bonded C -C4 al kyl graups. Nore preferabl n oxygenate
i s used having awlﬁgéQt%gﬁep@esgptcfﬁéc I-GrdGp, §PiIPX¥@ﬁéﬁgepreferably

at |east oneydar@l kylcciRRd whichPleierably Hdthe caxrgenat @ dygephosen from
the group of al cohols and dial kyl ethers consisting of dinethylether,

di et hyl et her bomstelty ladtiil etriveio,. fdtchaddly,l etrieairolorgrie resdpr dpamolCl —4rid

m xtures ther ref erabl ygenate | t | _or

i ety et her LR S imRbuTE et aar Lty Y R e PR r2 pesdn

i nvendi on, apstafeamodonpr icsi rg ka1 oxygenatied o xgervertee thayntoomd rdtseeam
conprising ethylene and et hane. The ethane fromthe 20streamresulting from

sai d step of e Pr &/t Yr s FY FrodreeEas 1a By Agradud By Sconver si on

of the desiredcsthylane RIRAUGL genat EXUMRESQf Y IENALE: 1 R)8f NS
processes, including catal ysts and other process conditions, are for

exanpl e 25di $einosed Gl OAD 2006020830 -n Moaret iced far alod ypanagraplesat®@116] to
[ 0135] thereaf), US20070203380,, US20070155999 2007135052, W)2009065848,
102000068875 WIS HERa70. A0IG000658S ind Ti2059558e H 22itie Si1edl oour o
of whoch arenkereigrdmeemruer atred By tr efrer ence.l KAl elouchese

30oxygenate-to-ol efi ns processes are suitable for the ethyl ene production
step of the preséFClicAPeRti &R s Y ISTES ScopfsisRy dxpderrate €M PerLi on.

WO 2012/1010%%%%%5@%2g}@{Qﬁggﬁ%l'e%%éks consisting of dimethylether,
diethylether, methylethylether, methanol, ethanol and
isopropanol, and mixtures thereof. Most preferably the

15 oxygenate is methanol or dimethylether, or a mixture
thereof.

In the process of the present invention, a stream
comprising an oxygenate is converted into a stream
comprising ethylene and ethane. The ethane from the

20 stream resulting from said step of the present process is
produced as a by-product by conversion of the desired
ethylene product.

Examples of oxygenate-to-olefins processes, including
catalysts and other process conditions, are for example

25 disclosed in W02006020083 (in particular in paragraphs
[0116] to [0135] thereof), US20070203380, US20070155999,
W02007135052, w02009065848, W02009065875, W02009065870,
W02009065855 and W02009065877, the disclosures of which
are herein incorporated by reference. All of these

30 oxygenate-to-olefins processes are suitable for the
ethylene production step of the present invention said

step comprising oxygenate conversion.



In said ethyl ene production step of the present invention, the stream
conprising an oxygenate is contacted with a catalyst. Catal ysts suitable
for convewOi2nrp/th®@2oxygenat e 5conpri se nol ecul ar si eve. PEHGR20M2/080988 ar

si eve- conprising catalysts typically al5® Tnclude binder materials, matrix
material and optionally fillers. Suitable matrix materials include clays,

such as kaolin. Suitable binder materjals include silica, alum na,
oot | poar ar U na tt o & I Sr BB ey SR G Praran fed due {0

its |ow aci dijtMention,FehextmRlg CatAlivsty as desefdrRed iR
above-nmenti oned W2006020083 are suitable for converting said oxygenate
conpri si ng stocgdmctecdefdrtdblay cadwdlvysdat al yst i s 15a nol ecul ar si eve

tal yst. Sui -t ahl | | [ il ' t SAPO) ,
SRS LAY S5t ol 8 AR pRSRIBL S (5900
- 36, 37, -40, coAbrisA2molétudnrd <S5@veal umuandphosphaties (AEREG)- and net al

substituted 20(sil.ico)alum nophosphates (MeA1PQO), wherein the Me in MeALPO
refers to a STHSEUSHEED SRELAHY SatSomYAleHddi Ag SretAIC 136ice &HEd ST om one of

Goup IA 11 AztBqhld Bnat¥Bx YBrWiB1 ¥hlBop¥ildnB1ard dianthani des of the
Periodic Table of Elenments. Preferably Me is sel ected fromone of 25the
group consi stSiuigadfl eCoat@ix Qg tefdalE,inGdudd,cliy;s, Nisucsn asTikacZinand Zr.

AL e naL 1 Vel Yo OB CORBLALONOL LS osygelat.e s e SGaL shed by che
zeol Lbve- conprdisiing-Gat@liyst,. titania and zirconia, wherein silica is
preferred due to its low acidity.

For example, catalysts as described in above-
mentioned W02006020083 are suitable for converting said
oxygenate comprising stream. Preferably, such catalyst is

15 a molecular sieve catalyst.

Suitable molecular sieves are silicoaluminophosphates
(SAPO), such as SAPO-17, -18, 34, -35, -44, but also
SAPO-5, -8, -11, -20, -31, -3¢, 37, -40, -41, -42, -47
and —-56; aluminophosphates (AlPO) and metal substituted

20 (silico)aluminophosphates (MeAlPO), wherein the Me in
MeAlPO refers to a substituted metal atom, including
metal selected from one of Group IA, IIA, IB, IIIB, IVR,
VB, VIB, VIIB, VIIIB and Lanthanides of the Periodic
Table of Elements. Preferably Me is selected from one of

25 the group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn,
Ni, Sn, Ti, Zn and Zr.

Alternatively, the conversion of the oxygenate may be
accomplished by the use of an aluminosilicate-comprising
catalyst, in particular a zeolite-comprising catalyst.

30 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 7ZSM-22, the MEL type, such as ZSM-11, and the FER



30Sui tabl e catal ysts include those containing a zeolite of the ZSM group,

in particular of the MFI type, such as ZSM5, the MIT type, such as ZSM 23,
t he TON twypep12sueiy2as ZSM 22, the MEL ty{)e such as ZSMPCT/EP201d/06(4988 FER WO
2012/ 101092PCT/ EP2012/ 050988 - 13 - typel3Crher suitable zeolites are for
exanpl e zeolites of the STF type such as SSZ-35, the SFF type, such as
SSZ-44 and the EU- 2 type, s ZSM 48. Al um 05|I|cat% conpr.i

catal yst, and¥Pf -5p&f e5u|S Iei FZELIMES Sty (%t arys® & & Soref @rsr ed when

an ol efinic ¢ freed drsfieghd, 0 e Axygenatse cameerssion yzrne shegetker with
oxygenate, for increased production of ethylene and propylene. Preferred

catal ysts comsise @ﬂﬁbﬁéﬁﬁEMEﬁsﬁdw%/ E@i@oﬁﬁt@sm T#Oarticul ar of the MI
Lype, more in paghigular 205, or of the MEL Lype, Such 35 zeol ite ZSW 11,

Such zeolites are particularly Sui L bIe converti'ng o i ncl udi ng
i so-obefins, paotetdiyleene cand/ter- cprpyiseme;. cEhe lzeal iatre I@&\ef@gred when
nor e- di nensi onal _15channel s has i ntersecti hﬁ%@ghannel s in at |least two

directions. S8, &t iekampice,f e ‘chaiel s e S Yoo iSred g5 Lon

substantial Iy, par %'o'g"e'th‘“ef}aﬂﬂ%hs I RSt @i a6id Qs ang suRstanti ald y
parall el channels in a second diréction, wherein channels in the first and

20second d|reﬁﬂn@ﬁ§Mﬂﬁﬂe%$emﬂndkﬁksrsectlons with a further channel type

are al so possi bl - El’_cree_,freerdabl e channe_,llsS in at Ieast one %falt he
directions are 10~ “membéred & ng ers oK prg]foerre&mﬁlgl -type zeolite has

a siloca-to- &Ie@mm@ ramn @ar$ARuleh @tf lteastrG0,t y2Rpr efetabiy at | east 80.
More preferred I\/FI-t ype zeolite has a silica-to-alumna ratio, SAR in the
range of 60 PGTISEUIsref Sty G dhéheaNge P80 t6cfo@s 2eolifte one

enbodi ment t hgneahal ¥ols, inchude £ahal ahs CAS 1910n0 10 fr e zeol i tes

havi ng one-di nensi onal
converting olefins, including iso-olefins, to ethylene

and/or propylene. The zeolite having more-dimensional

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

20 second directions intersect. Intersections with a
further channel type are also possible. Preferably, the
channels in at least one of the directions are 10-
membered ring channels. A preferred MFI-type zeolite has
a silica-to-alumina ratio, SAR, of at least 60,

25 preferably at least 80. More preferred MFI-type zeolite
has a silica-to-alumina ratio, SAR, in the range of 60 to
150, preferably in the range of 80 to 100.

In one embodiment the catalysts include catalysts

comprising one or more zeolites having one-dimensional

30 10-membered ring channels, i.e. one-dimensional 10-
membered ring channels, which are not intersected by
other channels. Preferred examples are zeolites of the

MTT and/or TON type. In a particularly example of this



3010-nenbered ring channels, i.e. one-dinensional 10- nenbered ring

channel s, which are not intersected by other channels. Preferred exanples
are zeol iweonfiotdse MIT and/or TON type. In a particul aPCy/EPR@RPF@8®f this
WO 2012/ 101092PCT/ EP2012/ 050988 - 14 -~ehbodi nent the catal yst conprises in
addition to one or nore nore-dinensional zeolite, in particular of the IFI
type, nore in particular ZSM5, or of the MEL type,, such as zeolite ZSM 11,
an one- di nensTORAIEES | Cﬁg\ﬁlﬁétlﬁon?ﬁéﬁﬁe?r éﬁl ARG CEnE €S ¢h as of

the MT and/ efo rEONJERe mERG 16atal Yelo 1M, f Ukt Rer-tGeANIHS @ PhesPhgrus as
such or in a conpound, i.e. phosphorus other than any phosphorus included

in the framewome ofmotite lroPeciiliar LEGsiZeVe. o, | o prtéletidd thivet, &UVEL or
Ml -type zeolite cqMpii Sihg &Clat aly Zy}ntea— lfrr[[e'n%rl%lnlaﬁl\/%%rgg:i't%%s _ht%r?ﬂ%%h(irou—s' The

phosphorus may be introduced By pr reating the ype “zeolites
priorsto formémitcrg trheocatanyst] sand/uah by pastthe et ngd/he flonul at ed
catal yst 15conprising the MEL or MFl-type zeolites. Preferably, the

catal yst cor‘rﬁ'rylpﬁﬂg MEL or MFI-type zeolites conprises phosphorus as such,

i.e. in el ementalrform:Qr, sith @ CoMReURG ic%n%&i%'eeg%%ts%ho%ﬁﬁ%u Rls @f,fhrom
0.05 to 10 wt. % based on the weight of the fornul ated catalyst. A

20parti cul ar loy prefeeracawotiatdal yiste .c pipsicdes Ushodplear GdaandtVEL or Ml -t ype

zeolite having SAR of in_the range of from60 to 150, . nore .preferably of
From 80 Lo 100 RADVin ST B a Eroatsr 1y PFart o (CALaryuE Lo i sbs

phosphor us ard A8\ 5 thavisng rSAR rafed nhizhe ar amge cof MrTemZ2e6Q.d0a ik20, nore
preferably of from80 to 100. Preferably, the catalyst is a pelletized
catal yst, foroBRamied Fattid Wbt MO td Fiaddd CAMBINY.SEE Sh &8O SBOF Ysowder ed

catal yst, f OrTh%X%%ls%hio'}utsh%afyorb@ Qfy, & S %%/d p(i%t—%lr%%ttil?l%d the MEL
or MFI-type zeolites prior to formulating the catalyst
and/or by post-treating the formulated catalyst
15 comprising the MEL or MFI-type zeolites. Preferably, the
catalyst comprising MEL or MFI-type zeolites comprises
phosphorus as such, i.e. in elemental form, or in a
compound in an elemental amount of from 0.05 to 10 wt.%
based on the weight of the formulated catalyst. A
20 particularly preferred catalyst comprises phosphorus and
MEL or MFI-type zeolite having SAR of in the range of
from 60 to 150, more preferably of from 80 to 100. An
even more particularly preferred catalyst comprises
phosphorus and ZSM-5 having SAR of in the range of from
25 60 to 150, more preferably of from 80 to 100.
Preferably, the catalyst is a pelletized catalyst,
for example in the form of a fixed catalyst bed, or a
powdered catalyst, for example in the form of a fluidized
catalyst bed.
30 The nature of the oxygenate-to-olefins catalyst is
not essential in terms of obtaining the advantages of the

present invention as described herein.



30The nature of the oxygenate-to-olefins catalyst is not essential in terns
of obtaining the advantages of the present invention as described herein.
WO 2012/ MWOQ9P2ACTIIEP2012/ 050988 - 15 - The anount ofPCTH#2012/050988
oxygenat e-to-ol efins catalyst is neitherlessential. Preferably a
catalytically effective anount of the catalyst is used, that is to say an
anount sufficient to pronote the oxygenate-to-ol efins 5conversion. Although
a specific quant ity &oﬁalofstt%ieso 7S %ei_ A& RS CRéntiSén 1S

preference mayihe oxpessed f0r puse LfatiRe Latalysit idy 194ch e anmunt  t hat
t he gas hourly space velocity (GHSV) is of from50 to 50,000 hr-1, nore

pref erabl y ofarougrh T30 the 20, Sfr 1B, UbGost-hprtefier dlsl yaof afr @MoLBG to
5,000 hr-1. oreilh 381 dopyasnate-to dlefis process Lhal is part of the
process of the present invention, typical reaction pressures are 1 nbar to
50 bap, suitabinyelsiprhan] tantighypi cale digdet iqoranttargyerodt ufzes 1arse 260- 1000C,

sui tably 15250-750C. . Preferably, the stream conprising an oxygenate
addi ti onal | y Podmpriidesadt Yoeddte d"CA G or PA SESIGRER /9T Pl ternati vel y,

a Strea”]POWQ&%%%%%e@tfb%a%%eao§4tﬁﬁgk%ﬁa§y§§ qhefditH Srcendethtt @Hthe step
of produci ng 20et hyl ene together with the Stream conprising an oxygenate.
I n general, tte grecdicurstr s@aceesHlicaid f riGiSihe 1t Iyl €nompridddet i on st ep

conpri si ng oxyg te conversion in t pr ocess of e_prese i.nvention
conpri ses vva@ebr’%g)g)i %lrad’di Gon %o e?%‘%t}fel eogng et h%lén(g.t f@’r&érr%yhreaéi ly be

separat ed framssaiodtFeoduaty st gamm flan exarmplo®byrcbol i ng down the product
streamfromthe reaction tenperature to a |ower tenperature, for exanple
room t enper at ur e 11s & 3 RaCYRHETRELCS Oc 6AdeREEs PARE SEENn Hiién LIse P3GSePér at ed

fromthe proquct styeam ¢ 1A Lok Sepanating (Wt ey as described above,
the resulting stream conprising ethyl ene and ethane,” from which the water
i s separ at ed premypube sf wrtchér mbar to 50 bar, suitably 1-15 bar, and
typical reaction temperatures are 200-1000°C, suitably
15 250-750°C.

Preferably, the stream comprising an oxygenate
additionally comprises at least a C4 and/or a C5 olefin
or, alternatively, a stream comprising at least a C4
and/or a C5 olefin is co-fed to the step of producing

20 ethylene together with the stream comprising an
oxygenate.

In general, the product stream resulting from the
ethylene production step comprising oxygenate conversion
in the process of the present invention comprises water

25 in addition to ethylene and ethane. Water may easily be
separated from said product stream, for example by
cooling down the product stream from the reaction
temperature to a lower temperature, for example room
temperature, so that the water condenses and can then be

30 separated from the product stream.

After separating water, as described above, the
resulting stream comprising ethylene and ethane, from

which the water is separated, may be further



WO 2012/ 101092PCT/ EP2012/ 050988 - 16 - conventionally washed with a caustic
solution, in order to neutralize and renove any acid gases present in the

| atter stwoam2/m@ne2t hen dried. In general, in the convePSIrar2@R/050988
oxygenate, such 5as methanol, into ethyl&he; nethane may be produced as a
by- product. Separating any nethane fromthe stream conprising ethyl ene and
ethane is not essential .in terns of,g%bainin t.he advant ages of the present

i nventi on as SGEYERHEd Hereir S i én LT @ 1 et Haé IS5 10any,

i's not separateeddiomitine lald eensiieamy I itdhigs seay o Rihane nmay f uncti on
as a ballast gas, in conbination with ethane, in the ethylene oxidation
step. This idaadeantsagesds findsttheh gtieidh t hat t he net hane does not have

be separated, which | er.sone, ndley .in that in_a wher e
addi ti onal ballagﬁ'g%ée%éggslﬁo & g&%@%§%§%§hgfeﬁhypgﬁgegfigé %%% uction
step,5thi s may methemgdr, he tneeded 1as d, hecthxingr ewaof e tdhane caad aet kane may
provide a sufficient anount of ballast gas for the ethyl ene oxide

product i on st&pPrEGHE pré®éds gl REYVpFEERtS Avem i Somsefses a step of

produci ng et hyieneg WhiCh (GRS @91 CRIYEHY NG & ot RAMGATAr i1$i RY 3
oxygenate into a stream conprising ethylene and et hane as di scussed above.

| n addi tion, athebfredeesy d¢het Relvpmgsamts iofvéme o ey tc dmyeinde coné sor nor e

ot her 25steps, of produci ng .et hyl.ene. Such ot her ethyl ene_pr.oductiq
process(es) idses(cargg)edtj%lebrgel@ar ?iite&soﬁtve’lnn P2 eeé:&:teéir %&atr éngegt%grnse’dilf ferent

frombhe reacigr, WRemngith sasir@am CoRr ithidng adit coxysgenrahe 19 eonverted. An
exanpl e of such ot her ethylene production process is steam 30cracking
hydr ocar bon $treafs heGéhTaY dnrsttHare 3t Ped! 1@ Staiittha 1§t ream a gasoi

streamor a Q%ﬁﬁﬁ%@&i%%f%@@%_EQ%%E%LhKEeQ%E %%h&%e%%vb§ﬁ@%Qi%%a%t%%hylene
and ethane originating fromconverting a streamconprising an WO
2012/ 101092PCHiEP231 2/350988 cous first of all in that the methane

does not have be separated, which is cumbersome, and

15 secondly in that in a case where additional ballast gas
needs to be added to the ethylene oxide production step,
this may no longer be needed as the mixture of methane
and ethane may provide a sufficient amount of ballast gas
for the ethylene oxide production step.

20 The process of the present invention comprises a step
of producing ethylene which comprises converting a stream
comprising an oxygenate into a stream comprising ethylene
and ethane as discussed above. In addition, the process
of the present invention may comprise one or more other

25 steps of producing ethylene. Such other ethylene
production process(es) is (are) to be carried out in a
reactor or reactors different from the reactor wherein a
stream comprising an oxygenate is converted. An example
of such other ethylene production process is steam

30 cracking hydrocarbon streams, such as an ethane stream, a
naphtha stream, a gasoil stream or a hydrowax stream,
into ethylene. It is envisaged that ethylene and ethane

originating from converting a stream comprising an



- 17 - oxygenate into a stream conprising ethylene and et hane as di scussed
above, and ethyl ene and ethane originating from another process or other
processeswoRopr®pEei ng et hyl ene, such as said st eam cra®kirmpomayose fed,
either in 5combination or separately, tTolfhe step of oxidation of ethylene
into ethyl ene oxide. Such integrated process is discussed belowinter alia
with reference to steam ¢racking of an ethane strg]tar? A preferred

enbodi ment o PHEFES Rt SprocesE o Fivg L TOpTo FUti G o et IERE 6% de

conpri ses theyis{@RsRf above,PreGUEHRG 1QHRY | eRe ¥ GRNVerilfing ta nst rfeam
conprising an oxygenate into a stream conprising ethylene and ethane,
produci ng et BYIoEHe P IOEEST 0N @ LR et rEanecERsr ioFi ¥ ePsétifane thmtleng st r eam

compri sing ethylheng and pnconyerted sthang,, o, Doducing et hyl ene oxi de by

subj ecti ng ethylene and ethane from mconpr'i sing et hyl ene and
et hang and t hengtineamocorpr issipag aatdiyl, ene amed weenwer ted cetthiame ctfo
20o0xi dation conditions resulting in a stream conpri si n% et hyl ene oxi de,

unconverted SHYHERE amdOe &-CEn @ Loy eM Ty LEHRATENE o Fi PE ot he

stream conprigisng iy henewxide, unaenvarted sthyene andeihane. In the
above et hane steam cracki ng enbodi nent of the 25present process, additional

et hyl ene is prediced I conwdhiingg sdrsameam conpri sing ethane into a stream

conprising ethylene a unconverted ethane. .l n _the present invention, it is
2l s6 envi saged t hat BAdTEr OnaTCernyI-be s Profdead by RGRTEnt tng o e

hydr ogar bon sircerivt3d®nc @mEtsiyIgnRaptila, @agaiilscer dnedrsawas iof:0 a stream
conprising ethylene and ethane, simlar to the above-nenti oned et hane steam
cracki ng enbodi mpgeducing ethylene by converting a stream comprising
an oxygenate into a stream comprising ethylene and
ethane;
producing ethylene by converting a stream comprising
15 ethane into a stream comprising ethylene and unconverted
ethane;
producing ethylene oxide by subjecting ethylene and
ethane from the stream comprising ethylene and ethane and
the stream comprising ethylene and unconverted ethane to
20 oxidation conditions resulting in a stream comprising
ethylene oxide, unconverted ethylene and ethane; and
recovering ethylene oxide from the stream comprising
ethylene oxide, unconverted ethylene and ethane.
In the above ethane steam cracking embodiment of the
25 present process, additional ethylene is produced by
converting a stream comprising ethane into a stream
comprising ethylene and unconverted ethane. In the
present invention, it i1s also envisaged that additional
ethylene is produced by converting a hydrocarbon stream
30 comprising naphtha, gasoil or hydrowax into a stream
comprising ethylene and ethane, similar to the above-

mentioned ethane steam cracking embodiment.



WO 2012/ 101092PCT/ EP2012/ 050988 - 18 - That is to say, a preferred
enbodi nent of the present process for the production of ethyl ene oxide
conpr i seswohe12moeEs of : produci ng et hyl ene by ®OmEPR2/0§0988 St ream
conpri sing 5an oxygenate into a stream‘cbgpﬂ si ng ethyl ene and et hane;
produci ng et hyl ene by converting a hydrocarbon streaminto a stream

conprising ethylene and et hane; producing ethylene oxide subj ecti ng
et hyl ene and 10etTﬁ€ri?e for %ﬁ’l R 7 f Gr ﬁ’Erefﬁrrgtg N ﬁglrlﬁ‘?irlri?go tﬁ)fﬂee & €378 et hane

and the | attrids@aMcOnd PirgnRithHens and athane it eoxEatdieR s
conditions resulting in a stream conprising ethylene oxide, unconverted
et hyl ene and téchatersard :15r ecovering et hyl ene oxi de fromthe stream

i Si hyl i.de, d I d : f.er ,
he’ above pr of o1 FBA CRboG SRy L Hony o Ok BOR & Feamers 8 etrean © |

conprbsi ng etdnane,ygeaphichdntgasoidt refarhydimwex iorg amh ymexteurzed her eof . 201 n
the present specification, "naphtha" refers to a m xture conprising
saturat ed hy§dé&ons whi ch have a boiling point ranging from20 to 200C.

General |y, said ReanRoRS RAVEe et ween o rand ;12 ¢aLbeR aLenB s thdkther,
"gasoil" refers to a mxture conprising saturated 25hydrocarbons whi ch have

a boiling poilmto angitngafr oo200 st 6 @O0y lane ‘ampdredwaxie/refers to a
m xture conprising saturate Q/)idrocar b%rés bvvhi cl%.ha\{e a b(%ihl il%%ep%in t
il :

rangi ng from 250#8%689 i the "above “St €dm>cracking “ermbodiment $76f t he

10 ethane from the former stream comprising ethylene and
ethane and the latter stream comprising ethylene and
ethane to oxidation conditions resulting in a stream
comprising ethylene oxide, unconverted ethylene and
ethane; and

15 recovering ethylene oxide from the stream comprising
ethylene oxide, unconverted ethylene and ethane.

Preferably, in the above preferred embodiment, said
hydrocarbon stream is a stream comprising ethane,
naphtha, gasoil or hydrowax or any mixture thereof.

20 In the present specification, "naphtha" refers to a
mixture comprising saturated hydrocarbons which have a
boiling point ranging from 20 to 200°C. Generally, said
hydrocarbons have between 5 and 12 carbon atoms. Further,
"gasoll" refers to a mixture comprising saturated

25 hydrocarbons which have a boiling point ranging from 200
to 600°C, and "hydrowax" refers to a mixture comprising
saturated hydrocarbons which have a boiling point ranging
from 250 to 700°C.

In the above steam cracking embodiments of the

30 present process, the steam cracking process is carried
out in a reactor different from the reactor used in
converting the stream comprising an oxygenate into a

stream comprising ethylene and ethane.



30present process, the steam cracking process is carried out in a reactor
different fromthe reactor used in converting the stream conprising an
oxygenat evorhr/mi®er eam conpri si ng et hyl ene and et hane. PCWBP2012/050988
2012/ 101092PCT/ EP2012/ 050988 - 19 - =~ Frther, in the above steam
cracki ng enbodi nents of the present process, in general hydrogen is

produced as a by-product. . The hydrogen nmay be separated. fromthe product
Streans using amy CSUTEdl] drmEk AN SR PNG TSR0t GG S Sy

cryogeni ¢ di stid katd@mt RYRIeSSUrie Mg absgiplden whersbyidr egen
absorbs preferentially, or via a hydrogen perneable nenbrane. The separated
hydr ogen may Yenroedato pgihedbvenestmamely, ter gecsdiad aey drogerthend car bon

monoxi de andigr, ganban digid de., whigh 10methanol, can then,be used as a
feedst ock fof the et hyl'ene produ |oﬁzstep conprising oxygenat e conversi on
of the presentrt,nfent icctample byl mrijliecalievelisttadmatriacki hy execdiurent s of

the present praocess, the ethylene oxidation step also results 15in a stream
conpri sing eFWVP@h@b&ﬂQE§}C@n@6WV€¥PE@Y@FW@ﬁ@n@kﬁﬁﬂk@tﬁ&ﬁé@r@@ﬁléiéﬁble, in

the ethane stgamiGracking REPOYIBRLAl e REeSENtTHY Qee3s.a 3ol d "et hane”
in the latter stream conpri'ses both ethane by-product that originates from

converting abhstdrearancowpr icsi ngean t20mopgereat ecamdnedcorfvent ed ist hane t hat

originates from et hane stea crackin%“ he gpovec§t¢%ﬁ]cra0king

| sQ in
. rogen and Carbdon monoxide an é%r.car oh di1oxide ich
enbodi nment s 3#dth§'present process, as al ready di'scusse aoveE i i gener al

it isoprefermedhinatl a5t eam CeNMIscsl RG WNTeREted 2%2et hlere andnet hane
is separated fromthe stream conpr.i sing ethyl ene oxide, unconverted
et hyl ene and PERATE 1 OFh &t SPe STIMPSE 1S &9 OFe IS RMHCe rO T Fat o Isttés, and i s
recycled to the step iof,prqduci ng ethylene oxide. In the above steam
cracki ng enbodi nents of the

In the above steam cracking embodiments of the

present process, the ethylene oxidation step also results

15 in a stream comprising ethylene oxide, unconverted
ethylene and ethane. For example, in the ethane steam
cracking embodiment of the present process, said "ethane"
in the latter stream comprises both ethane by-product
that originates from converting a stream comprising an

20 oxygenate and unconverted ethane that originates from
ethane steam cracking.

Also in the above steam cracking embodiments of the
present process, as already discussed above in general,
it is preferred that a stream comprising unconverted

25 ethylene and ethane i1s separated from the stream
comprising ethylene oxide, unconverted ethylene and
ethane, that results from the ethylene oxidation step,
and is recycled to the step of producing ethylene oxide.

In the above steam cracking embodiments of the

30 present process, ethane from the stream comprising
ethylene oxide, unconverted ethylene and ethane
(unconverted ethane and/or by-product ethane) resulting

from the step of producing ethylene oxide may be recycled



30present process, ethane fromthe stream conprising ethyl ene oxide,
unconverted et hyl ene and et hane (unconverted et hane and/ or by- product
et hane) reeubtZ/regerom t he step of produci ng et hyl ene oPCa&EPaep/0b®8s ecycl ed
WO 2012/ 101092PCT/ EP2012/ 050988 - 20 -~t®°the steam cracking step of
produci ng ethylene. Either part or all ethane is recycled in such way. This

has the advantage that nore ethyl ene may be produced recycling. ethane
(unconvert ed %t %&ﬁe S{Eﬁ&ﬁbrcr@ffkﬁ d & epeﬂéﬁé%d%@rge%tlﬁéﬁe tHat*S's not
converted af ten-tsugh gnacyeleny lils ther awonsat il yRe merusedasn

bal | ast gas in the ethylene oxidation step. That is to say, also in those
enbodi ment s @fdvield agiceddRtt meoventsitéry winer @ay Ippdicdeaitses Sivr égmvicd iekacked

in an additi |__ste i tr i t hane, t ha, oil or
hydr owax str %g%ans%uc@hr%o%yc rg dZteﬁE%em err:1d§l g%c%%g)rrtog% i n{é gcheat%%él ene.
Further, in therabove tstaeamtersackisngoemoodiveenicsl off tidie sprceds enricyarlecess,

et hane fromthe stream conprising _15et hyl ene oxi de, uncaonverted et hyl ene

and et hane (UHddnvé&rtedetHare MoP Sy EpHEFTc B-Seth&fe) aSds F12Si Ag from t he

step of produgingtethyene Qxide SRR raeye ed to hoth thesstep of
produci ng ethyl ene oxide and to the steam cracking step of producing
et hyl ene. Botthasgpesboldi2@nécycife thfe etrlemme tarevidntystr ateds = Figure 2, as

further diSC%?%ﬁQ %%%%ﬁ §M£%%H{%E?r%%%$é%9i%hGDE%%%Q%i%E%.HESEQCking
embodi ment . TYUNAEFE G h e present speci fication reference i ’made to

recycbi ng towhhienh'steeaaf ipr educithginet, hylagme'hagr g25catthyreme proaduct i on
step”, or recycling to the "step of producing ethyl ene oxide", "ethylene
oxi de productSitGi®adt ePUcEr restiiicehé teeirGaticon Pst PnVediél d€¢Ps not only
cover the step(shQfc production of the desired product in question but also
the step(s) of work-up of the product 30streamin question. Preferably,
in the above steamrthacki ng emsodiomyet stelnt e apkesgnerpoodess,tsa ost r eam
compri si ng ungonyerted ethylene and,ethang (unsonuerted ethans andor
15 ethylene oxide, unconverted ethylene and ethane
(unconverted ethane and/or by-product ethane) resulting
from the step of producing ethylene oxide may be recycled
to both the step of producing ethylene oxide and to the
steam cracking step of producing ethylene. Both types of
20 recycle of ethane are illustrated in Figure 2, as further
discussed below, with reference to the ethane steam
cracking embodiment.
Where in the present specification reference is made
to recycling to the "step of producing ethylene™ or
25 "ethylene production step", or recycling to the "step of
producing ethylene oxide", "ethylene oxide production
step" or "ethylene oxidation step™, such steps not only
cover the step(s) of production of the desired product in
question but also the step(s) of work-up of the product
30 stream in question.
Preferably, in the above steam cracking embodiments

of the present process, a stream comprising unconverted

ethylene and ethane (unconverted ethane and/or by-product



WO 2012/ 101092PCT/ EP2012/ 050988 - 21 - ethane) is separated fromthe stream

conprising ethyl ene oxide, unconverted ethyl ene and et hane (unconverted

et hane amdpan12mpiEeoduct et hane) and is recycl ed to thePsTapr2aR/oprsgiuci ng

ethyl ene oxide. Further, preferably, 5satH Separated stream conprising

unconverted et hyl ene and et hane (unconverted et hane and/ or by-product

ethane) is further separated into a stéﬁﬁﬁg onprisi ng unconverted ethyl ene
g

which is recydéd% o 15hé EFeF 6 Frodu e e TEY T de eh & T St Eam

conpri si ng ethane ,l0nunrcrrverded tethane andl Qirlyrpresuch iftare) which is
recycled to the steamcracking step of producing ethylene. This is
illustrated iethRingurad oradyrroeic tdieddussed avsl dw, rwics Lesk drceride to t he

et hane st eamsccreg)cI&ifn%r%rggll%qisn(r)&eﬁt&ﬁ?n% %gﬁ i tei.o%racql\é@t %Q%%%a})%ﬁ}éhe | atter

separation is not critic conmplete separati’o e from
et hyl Bne i s noetidheegedatlad tshe calbovengiréanner ackiong cerdaodicentisnef amlke
present process, ethane is (ethane steam cracking enbodiment) or can be
(ot her st eamJEEPEcKIURG Cesddicre mtEPrst &AG/RG Mt &hcAUGth SHE e hyliSene

producti on step-ti questian and s, at e Same il e kRl Lasirdasddy the
subsequent et hyl ene oxide production step. Al that matters is that the
separ at ed sulssthweamenhihclehc aprricses igpr & cetting enert lodn Rrloslustimer separ at ed

25substream ieschr elc%lcel egl{itdoe ta%%, st e roef r%ducjzfiiréqnet h Ih%rrllee oxi de, whereas
t he ot her separé’te sTBstieam $ recyc ed 16 te gthy ene production step
in question. (unconhiertthel fdtownschenre oof Uyi-guiceiudt whitehd)l histdnaties t he
above et hane steam cracki ng enbodi nent of the present 30process, stream 1
conpri si ng afeeedieehttal fitifg S&f 2% yFeiratied $Heed Otfo PEORACERE pr oduct i on

unit 2. Streamn31Conprirsiing et hylene and ethane @nd streamed, ¢onpri sing an
oxi di zing agent, such as high-purity oxygen or air, are WO
2012/ 101092 PCT/<ER2GERY 050988 with reference to the ethane steam

cracking embodiment.

15 In addition, advantageously, the latter separation is
not critical so that a complete separation of ethane from
ethylene is not needed. In the above steam cracking
embodiments of the present process, ethane is (ethane
steam cracking embodiment) or can be (other steam

20 cracking embodiments) starting material in the ethylene
production step in gquestion and is at the same time
ballast gas in the subsequent ethylene oxide production
step. All that matters is that the separated substream
which comprises more ethylene than the other separated

25 substream is recycled to the step of producing ethylene
oxide, whereas the other separated substream is recycled
to the ethylene production step in question.

In the flow scheme of Figure 2, which illustrates the
above ethane steam cracking embodiment of the present

30 process, stream 1 comprising a feed containing an
oxygenate is fed to ethylene production unit 2. Stream 3
comprising ethylene and ethane and stream 4 comprising an

oxidizing agent, such as high-purity oxygen or air, are



- 22 - fed to ethylene oxide production unit 5. Stream 15 conprising a feed
containing ethane is fed to ethylene production (steamcracker) unit 16.

St ream 1 WOoanwi0si9ag et hyl ene and unconverted et hane i sPCEEP2M2A5@8% eam 3,
to 5ethyl ene oxide production unit 5. Stf€am 6 conprising ethyl ene oxide,
unconverted ethyl ene, ethane and carbon dioxide is sent to ethyl ene oxide
separation unit Et hyl.ene oxi.de is rec?yered via stream 8. Further,

7.
stream 9 conpricsithg SUMEdRIér C&d 96t RFICENE T 1erhaid tand S5 10di oxi de i s
split into tworpHhstineans 22 ardrik.i nSukstdieameda d Fdeaycleat ienet hyl ene
oxi de production unit 5. Substream 9b is fed to carbon di oxi de renoval unit
10. Stream 1Preshsitiisiond siseenvercds ret ylidnd %and teateeand /i sospinits gt o t wo
substreans h n b. t i recycl to_ethyl oxj d
producti on u%ﬁ?ngfé u€€§$2§ﬁ¥ﬁﬁﬁh?%”#Eﬁ}g%géﬁﬁyﬁ%ﬁ%/éﬁﬁbﬁﬁﬁggﬁhfztﬁéh uni t
12. Sbream 13 tegiipmiesioxd dengamverdiadretumyiterte st ricaey @ ednipa iatilyl ene oxi de
production unit 5. Stream 14 conprising ethane is recycled to ethyl ene

producti on uMtYIER @R e PR NRITE S tGEdmemsy 5¢SeFardte FayOn

et hyl ene/ et hane.gepanat imtunidt 2y 1RaEly i eRleed 5t neam conpri sing
uncondensabl e conponents, such as oxygen and/or argon (said third stream
not shown i nErihgueae2px18 |is fngadhverreds trieamt3 eqay Sbe E3uijheat ed tream

25hydrotreatqpnt in.a.hydrotreater. unit bqfore eQ%eEEn%E%FQ%E%pe oxi de
in“Fig

producti on unifqgaﬁi%l ghﬁﬁ¥6¥¥§%?§9‘ﬁ%ﬁ¥'ﬁ@@’sﬁb ure é?lto convert

any acetyl eneliprasentis Ispltite ipresenic istrettrdeems addianicoral. Baldsasteagas,
such as nitrogen or nethane, may be added to the ethyl ene 300xi de
producti on st¥ep lSHEREWEL LT (0 & TRIYdETENWEddiFe & Lo UHe CabdVe tstoeam cr acki ng

enbodi ment s - af , {he RLESENY PIRCLTS Ak JeCoNVRr $ian AndAer; Salectivity
in the ethylene production step in question (that is to say, the
Stream 11 comprising unconverted ethylene and ethane is
split into two substreams 1la and 1lb. Substream 1la is

15 recycled to ethylene oxide production unit 5. Substream
11b is fed to ethylene/ethane separation unit 12. Stream
13 comprising unconverted ethylene is recycled to
ethylene oxide production unit 5. Stream 14 comprising
ethane is recycled to ethylene production unit 16.

20 Further, a third stream may be separated in
ethylene/ethane separation unit 12, namely a top bleed
stream comprising uncondensable components, such as
oxygen and/or argon (said third stream not shown in
Figure 2). Still further, stream 3 may be subjected to

25 hydrotreatment in a hydrotreater unit before entering
ethylene oxide production unit 5 (said hydrotreater unit
not shown in Figure 2) to convert any acetylene present.

In the present invention, additional ballast gas,
such as nitrogen or methane, may be added to the ethylene

30 oxide production step. However, it is also envisaged in
the above steam cracking embodiments of the present
process that the conversion and/or selectivity in the

ethylene production step in question (that is to say, the



WO 2012/ 101092PCT/ EP2012/ 050988 - 23 - steam cracking step), is tuned
dependi ng on the desired anount of ballast gas needed in the ethyl ene oxide
product i onOgbEp010PRat is to say, for exanple in said etra@mEPIIICAMISS acki ng
enbodi ment, in case the demand for 5baTI££t‘gas in the ethyl ene oxide
production step is relatively |low, conversion in said ethylene production
step may be set higher such that relatively |ess unconverted ethane is

present in t K& SHroddéE e esul s iy MeS&d Lehy e rd SpP6dd¢tSn st ep.

And, 10conversehit i ¢ase ddte demanddor ihaldrastergas drd 1he &t hyl ene oxi de
production step is relatively high, conversion in said ethylene production
step may be FErduewernsgdiert-hdthateligt itPelsp ynorfe ruseempdrs éd éthiane i s
present in t e aroduct S reamJgsuldingfiom said Loet hyl.eng prodygti on

st ep. Alternatlvgly, conversion i'n sal eehy ené production Step nay be
kept Bonst antbadnd saddiats dmaltHealdtast] egas oxdueh pas duidtrieges tep et hane, may
be added to the ethyl ene oxide production step, as nenti oned abave. For
exanpl e, t he "&dierSilon oW s &G VEFSHY efte SEr-Gd GRSt & Oy afige from 5

to 90% suitably M0 40 6Q%ner s A ehnat il iQfc13ddiddonal Iy, the
et hane fromthe stréam conprising ethyl ene oxide, unconverted ethyl ene and
et hane resul tingpriviegrheche tdieeye ofs preducitng retting e @25 toxitdeairs  not

recycl ed or nat npl etely recycl to the step. of produci t hyl ene oxi de
and/or is nogeﬁggg@ngf%F%hgﬁlégﬁ%%gﬁgpf é%ﬁﬁ%%gioposteg's?%§§1cracking

st ep1of producinR@rethyl,ene, Rue ithausethaas ddruelalflerstpres dnngnkeat, by
conbustion, to the various steps of the present 30 process,, including one

or nore of téhetiiIcene iptcodieioT 19 e teonprS Sitdg toRirdenat'@heonver si on,
the ethyl ene oxide frod l’_‘_glt IS%QdSte%H)Iﬁ%%kej[ @go%%vtd\BQ%%l Sy hene Jr edyct i on

step conprising hydrocarbon steam crackin
2012/ 101092PCHMER2G12M050@88 relatively more unconverted ethane is

present in the product stream resulting from said

15 ethylene production step. Alternatively, conversion in
said ethylene production step may be kept constant and
additional ballast gas, such as nitrogen or methane, may
be added to the ethylene oxide production step, as
mentioned above. For example, the conversion in said

20 ethylene production step may range from 5 to 90%,
suitably from 10 to 60%.

Alternatively or additionally, the ethane from the
stream comprising ethylene oxide, unconverted ethylene
and ethane resulting from the step of producing ethylene

25 oxide is not recycled or not completely recycled to the
step of producing ethylene oxide and/or is not recycled
or not completely recycled to the steam cracking step of
producing ethylene, but is used as a fuel for providing
heat, by combustion, to the various steps of the present

30 process, including one or more of the ethylene production
step comprising oxygenate conversion, the ethylene oxide
production step and the optional ethylene production step

comprising hydrocarbon steam cracking.



- 24 - The above advant ageous enbodi nent is exenplified in Figure 2 as
descri bed above, with the proviso that in the latter enbodi nent stream 14
i s not feaaono12migpkene production (steam cracker) unit PET/HP2012/05098%ed as a
fuel 5for providing heat, by combustion,2for exanple to ethylene production
unit 2, ethylene production unit 16 and/or ethyl ene oxide production unit

5. In general, in steam cracking a hydracarbhon stream.i.nt.o ethyl ene,
met hane fmy he. prORICHE Ee CAVEY BEEOUE THOSIBar St Mg “Hy Bt HEre s om the

stream conpr imsighd ethylene ard rridhane ves At ressentiyralyiisd s i0f the
obtai ni ng the advantages of the present invention as described herein. It
is even preféatésgnt orafiearte stifeaanyi 4 il mott degartat édhfvilemet he latter

stream Int ir%dju%vﬂﬁ)én [ ft%%?gﬁg%%h]%lfgcﬂnq{ ga ay acl li%sals%h%ls’asi S% fuel

conmbi nati on w th et hane, ne oxi dat'i on step. S
advanbageous florr gtroefi dinlg hrathabt hemeishdne ,ddes rodanpdee the separ at ed,
whi ch is cunbersaone, and secondly in that in_a case where additional

bal | ast gas Z0heedS S EHEVAHIEF 8 tthe ety e & o R @ YsTadic e st%p, this

may no | onger,be peeded s o he Mot of 1t hane and ethane may provide a
sufficient anmount of ballast gas for the ethylene oxide production step. In

t he above steam dracieinegaénbodi westes ofracken25pr dyeimocprboesstrehe cracki ng

process is perfor t elevated tenperatures,, preferably in_the range of
Prom 650 & 0" T600C SR B of Brasry O Fomer 26 T bs6Ce THe eSS on ©s

typical ly indherange ehyf emddd Grom mpl%s thased comdrfieitet al nunber of
nol es of hydrocarbon 30provided to the cracking _zone. Steam cracking
processes ar &welienencikt CFPERE K INCdd SF&ESd 2dnd Pndéd™so ur t her

eXplanation'cﬁ%%ﬁ%ﬁ%%et%%_%%%édﬁ?ﬁ&??ﬁﬂ%%% Qé@yﬁ% fﬂﬁéﬂti@nE%@ylene1
Keystone to the petrochem cal 1ndustry, WO 2012/101092PCT/EP2012/050988 -
25 - described herein. It is even preferred that methane, if
any, 1is not separated from the latter stream. In this
15 way, methane may function as a ballast gas, in
combination with ethane, in the ethylene oxidation step.
This is advantageous first of all in that the methane
does not have be separated, which is cumbersome, and
secondly in that in a case where additional ballast gas
20 needs to be added to the ethylene oxide production step,
this may no longer be needed as the mixture of methane
and ethane may provide a sufficient amount of ballast gas
for the ethylene oxide production step.
In the above steam cracking embodiments of the
25 present process, the cracking process is performed at
elevated temperatures, preferably in the range of from
650 to 1000°C, more preferably of from 750 to 950°C. The
conversion is typically in the range of from 40 to 75
mol%, based on the total number of moles of hydrocarbon
30 provided to the cracking zone. Steam cracking processes
are well known to the skilled person and need no further
explanation. Reference is for instance made to Kniel et

al., Ethylene, Keystone to the petrochemical industry,



Mar cel Dekker, 1nc, New York, 1980, in particular chapter 6 and 7. I'n
t he above steam cracking enbodi nents of the present process, it is

pr ef er r edwODaoMM0G92e at | east part 5of the stream conpr iPSTAF2@RI0y9%8Ne and
et hane obtained fromthe step of producifig ethyl ene by the conversion of a
stream conpri sing an oxygenate with at |east part of the stream conprising
et hyl ene and_et hane obtai ned fromthe stea racki ng step, .that is to say
the step of YOOt Gauaiany erhyiine N6y comber LI a Ry AFaCatbon S PeRne
(conprising et hape,7 .naphtha, gasoil and/or hydrowax) into a stream
conprising ethylene and ethane, prior to sending the streans to a work-up
section. By conbilii igeatboggst tsaim colcthiage etpeddicads oTatinsr e ef fi ci ent

use of the 1 rk-up. facjliti i i . Ltion, b inji.ng at
| east part o \é%ﬁiégs?tet \f%%setsrséas‘gc, lzsl g‘%tfr%%\e{:ﬁr}%rcrixalItl%e(r%%?lﬂ rb act 3r?s>ile%%{$$s%§r%
streafs may e e sefrfdai entdpy isepay atted.] dPreefeerdakithhanat dieasthegart of the

et hyl ene oxide is 20converted to nonoet hyl ene glycol (MEG, which is a

useful |iqui d5pFodhé StRRe CLoMFErsiaR Y EHYREN & YoxilFe G0 IEG vy e done

using any MEG produgl n9Racess bhalises elhyliene oxiide.stTyRigallsy the
et hyl ene oxide is hydrolysed with watéer to MEG Optionally, 'the ethylene
250xi de is fithst s¢omeer tcedipwiltsh ngarcddry ldinexiadel ted hetiey lodrte icadbdrratre, whi ch

i s subsequently hydrol ysed.t.o MEG and car.ban di oxi de. ,The water. is provided
to the MEG zé:rklpe/e aségeémf é:eré?cé{oln gaiS%‘iel‘?g v%aaé:r ,lspr of 5raé/blt§lep§rt§pmé)tfer or steam

The MG pr odyglodus: iebt althed dhcomyt ke nMeG tzenRe aa$ val I¥cGr b3RC @rpfdasi Ng
effluent. Suitable processes for the production of ethylene oxide and MEG
are descri bed P8P GiFdi g ¢ Nem aus 26081398532 505206928 2144y AUSPEEF4 235198, WO

2012/ 101092PGT/ 2012/ 030988 1 28 t1 452004422484 ) d US2Q0818299% rihe

di scl osures of which are herein incorporated by reference.
the streams to a work-up section. By combining at least

part of these two streams, a more efficient use of the

15 work-up facilities is achieved. In addition, by combining
at least part of these two streams, also the smaller
fractions in these streams may be more efficiently
separated.

Preferably, at least part of the ethylene oxide is

20 converted to monoethylene glycol (MEG), which is a useful
liquid product. The conversion of ethylene oxide to MEG
may be done using any MEG producing process that uses
ethylene oxide. Typically the ethylene oxide is
hydrolysed with water to MEG. Optionally, the ethylene

25 oxide is first converted with carbon dioxide to ethylene
carbonate, which is subsequently hydrolysed to MEG and
carbon dioxide. The water is provided to the MEG zone as
a feed containing water, preferably pure water or steam.
The MEG product i1s obtained from the MEG zone as a MEG-

30 comprising effluent. Suitable processes for the
production of ethylene oxide and MEG are described for

instance in US2008139853, US2009234144, US2004225138,



The invention is further illustrated by the foll ow ng Exanpl e. 5Exanpl e

In this experinent, ethylene was oxidized into ethylene oxide (EOQ over a
rheni um cwotaiziioney2cat al yst prepared accordi ng to US2009028P3e13/0509d8 havi ng
a silver content of 17.5 wt.% using air2@s a source of oxygen 10(oxidi zi ng
agent), using ethane as ballast gas, and using ethyl chloride (EC) as

noder at or . The periment. wa rforned in a "singl e-pass" or .
"once-througWS2@3&@‘%@%&@%@@@%&8%.9@%1 ithe ] ég%sst EamWad"d6ht act ed
with the catalystdmia Unshapedtalubyl ar reteel-dri croreactor that was
imersed in a tenperature-controlled nolten netal bath. The inlet gas

stream conpri sed T25 volvewtéfnetipy lferéheg. 3 Molstipsfecokygéne 08 Lepll%of

car bon di oxi %%I’am%Ei% parts per mllion by volune (ppnv) of EC, 32.3 vol. % of
et hane, the balance 20conprising nitrogen originating fromthe air that was
used as the soure@eaabplexygen and fromthe blend containing EC that was used
as the noderator. A gas flow rate of 254 cc/mnute was directed through

a 4.6 g charge of"c&ldiSySEPEFrBE d nG R YGEE IS P*SFdEE 25V oci ty ( GHSV)

of 2,850 hr Linlatdle REESRUr@NaS S 3 Bafgange.oreeneialy on af 3148 vol . %
EO in the product stream corresponded to a work rate of I95 kg of product

per cubi c netercrefrecatalopstdived tee USEOWR 02KRg/ Sl lm)d. Ilve neatealsyidtver
tenperature to achieve said %%Bget work rate was 30244 C Resul ts of

t he experi ment  are sffowt in e I Béi%w TRE éaxﬁé)ruirr%nt()fsﬁéi\n@etnhat et hane

can be used agxdialimastag@as )i, n dhe oxtthaticon sofoaatihytene st,0 2EQ using
addi tion, when WO 2012/101092PCT/EP2012/ 050988 - 27 -
ethyl chloride (EC) as moderator.

The experiment was performed in a “single-pass” or
“once-through” mode without any recycle. An inlet gas
stream was contacted with the catalyst in a U-shaped

15 tubular steel microreactor that was immersed in a
temperature-controlled molten metal bath. The inlet gas
stream comprised 25 vol.% of ethylene, 8.3 vol.% of
oxygen, 0.6 vol% of carbon dioxide, 260 parts per million
by volume (ppmv) of EC, 32.3 vol.% of ethane, the balance

20 comprising nitrogen originating from the air that was
used as the source of oxygen and from the blend
containing EC that was used as the moderator.

A gas flow rate of 254 cc/minute was directed through
a 4.6 g charge of catalyst, providing a gas hourly space

25 velocity (GHSV) of 2,850 hr '. Total pressure was 16.5
bar gauge. Generation of 3.48 vol.% EO in the product
stream corresponded to a work rate of 195 kg of product
per cubic meter of catalyst bed per hour (kg/m’/hr). The
catalyst temperature to achieve said target work rate was

30 244 °C.

Results of the experiment are shown in Table 1 below.
The experiment shows that ethane can be used as a ballast

gas in the oxidation of ethylene to EO. In addition, when



usi ng et hane as ballast gas, the selectivity of the ethylene oxidation
reaction to EOis high. Furthernore, ethane is converted to only a snall
extent. 5S¥Vekbe/1M109Oxygen conversion 46. 6% Et hyl ene conPET&PeN2/03B32%

Et hane conversion 0.7% Sel ectivity of  cohversion of ethylene to EO 88.9%
WD 2012/ 101092PCT/ EP2012/ 050988 - 28 - CLAI M5

using ethane as ballast gas, the selectivity of the
ethylene oxidation reaction to EO is high. Furthermore,

ethane is converted to only a small extent.

5 Table 1
Oxygen conversion 46.6%
Ethylene conversion 15.2%
Ethane conversion 0.7%
Selectivity of conversion of ethylene to EO 88.9%




1. Process for the production of ethylene oxide, conprising the steps of:
produci ng ethyl ene by converting a stream conprising an oxygenate into a
st ream cowprosymnget hyl ene and 5et hane; produci ng ePhyIEPa@20%01988 by
subj ecting ethyl ene and ethane fromthe 48ream conprising ethyl ene and
ethane to oxidation conditions resulting in a stream conprising ethylene
oxi de, unconverted ethyl ene and et hane; and 10recovering ethyl ene oxide
fromthe stream conpri sing ethylenegbiLﬁeE—&hébnverted et hyl ene and et hane.
2. Process according to claim1, wherein a stream conprising unconverted

et hyl ene and ethane is separated fromthe stream conprising ethyl ene oxide,
unconvert ed I5etthplcess diod éthivame oavg tileonr edy eltéd ltemet lpisteep of produci ng

et hyl ene oxi ...Process according to claim1 or 2, wherein the stream
conpri sing egﬁ§F%§€1§ﬁb 2§h§ﬁégghg¥ﬂer conprises nethane. 4. Process

accordi ng to anypeneuefinighe tpreced by cavksti20waereirk ahe osloreanng
conprising ethylene and ethane further conprises acetylene and the stream
conpri si ng etRyCeHE SRR Setlidie & $ I H5e CO8EP 6 1Rd S Y& Fe f% 0 convert
any agetyl ene i@, to subjecting ethylene and ethane fromthe stream
conprising ethylene and ethane to oxidation 25conditions. 5. Process
accordi ng to cl aimedluciher eithytlisaestoxealm boympricgiend iemhyitéye eard aethane

urther compr3en G099 A0 ALl 225k aL 0 08 NCTO0PL A8 P50 (0,
29 - 6. Processiaaceer donglita cary rerei1efirdha nprecaedidigh Woipg¥s,s ieerpri si ng
the steps Oféthylene oxide, unconverted ethylene and ethane; and
10 recovering ethylene oxide from the stream comprising
ethylene oxide, unconverted ethylene and ethane.
2. Process according to claim 1, wherein a stream
comprising unconverted ethylene and ethane is separated
from the stream comprising ethylene oxide, unconverted
15 ethylene and ethane and is recycled to the step of
producing ethylene oxide.
3. Process according to claim 1 or 2, wherein the stream
comprising ethylene and ethane further comprises methane.
4. Process according to any one of the preceding claims,
20 wherein the stream comprising ethylene and ethane further
comprises acetylene and the stream comprising ethylene
and ethane is subjected to hydrotreatment to convert any
acetylene prior to subjecting ethylene and ethane from
the stream comprising ethylene and ethane to oxidation
25 conditions.
5. Process according to claim 4, wherein the stream
comprising ethylene and ethane further comprises hydrogen
and at least part of the hydrogen is used to convert at

least part of the acetylene.



produci ng et hyl ene by converting a stream conprising an oxygenate into a
stream conpri sing ethyl ene and 5et hane; produci ng et hyl ene by

converti nNyoROBY10e@M conpri sing ethane into a stream compCT&iP2g 2050998 ene and
unconverted ethane; producing ethyl ene”ox?de by subjecting ethyl ene and
10et hane from the stream conprising ethylene and et hane and the stream

conprising ethylene and unconverted ethane to oxidation canditions
oohl £ ng i nE SETCANC GHBEEITS GEnBne ok Lo CHAaORVErTed Styrine and

et hane; and QQ@@MQ%H&@-Q%@y@%@%mp%ﬁﬂe fromthe stream conprising 15et hyl ene
oxi de, unconverted ethylene and ethane. 7. Process according to claim®6,

wherei n et hane f PEMARENSt LéaMlEaRPPIYSICRG VT Rene Gxirden eneemverred
ethyl ene and gt hang Js feqysled to.1hs shap Ol produsing g iyl ene which

|atter step conpri'ses converting a stream Z0conpri sing ethane 1nto a stream
conprbsi ng etdylsere and unconverted ethane. 8. Process according to claim

6, wherein ethane fromthe stream conprising ethyl ene oxide, unconverted

et hyl ene and et h&AETIELPECFH e FE e COPYF LS TEr Gd GG RG e CRYPERE 120xi de

and to the step0f RHAUG RG LLhY|ene Whiieh lAatlaks! eR ORISR ted
converting a stream conprising ethane into a stream conprising ethylene and
unconverted etthame; 9. Process according to claim®6, wherein a stream

conpri sing unconverted.ethylene and et.hane is_separated fromthe stream
compr1sing et byl Sre EE ARy HiRNaRTE: PRI B by SRS TY T Shkam
conprosi ng ureconRves tredretthyl ene cand eiane ing separated andl @ thasiy eam
conpri sing unconverted ethylene which is recycled to the step of WO
2012/ 101092 PETEEPIGER DSOIRY 1sing ethylene and unconverted ethane to

oxidation conditions resulting in a stream comprising
ethylene oxide, unconverted ethylene and ethane; and
recovering ethylene oxide from the stream comprising
15 ethylene oxide, unconverted ethylene and ethane.
7. Process according to claim 6, wherein ethane from the
stream comprising ethylene oxide, unconverted ethylene
and ethane is recycled to the step of producing ethylene
which latter step comprises converting a stream
20 comprising ethane into a stream comprising ethylene and
unconverted ethane.
8. Process according to claim 6, wherein ethane from the
stream comprising ethylene oxide, unconverted ethylene
and ethane is recycled to the step of producing ethylene
25 oxide and to the step of producing ethylene which latter
step comprises converting a stream comprising ethane into
a stream comprising ethylene and unconverted ethane.
9. Process according to claim 6, wherein a stream
comprising unconverted ethylene and ethane is separated
30 from the stream comprising ethylene oxide, unconverted
ethylene and ethane, the stream comprising unconverted
ethylene and ethane is separated into a stream comprising

unconverted ethylene which is recycled to the step of



- 30 - producing ethyl ene oxide and a stream conprising ethane which is
recycled to the step of producing ethylene which latter step conprises
converti NyoRBY10e@M conpri sing ethane into a stream compCT&iP2g 2050998 ene and
unconverted ethane. 10. Process according’to any one of the preceding
clainms, wherein at | east part of the ethylene oxide is converted to
nonoet hyl ene gly

y % duc1ng ethylene oxide and a stream comprising ethane
which is recycled to the step of producing ethylene which
latter step comprises converting a stream comprising
ethane into a stream comprising ethylene and unconverted

5 ethane.
10. Process according to any one of the preceding claims,
wherein at least part of the ethylene oxide is converted

to monoethylene glycol.



