ABSCRBER DEMETHANI ZER FOR METHANCL TO OLEFI NS PROCESS
BACKGROUND OF DI SCLOSURE Field of the Disclosure

wQ 0004F35B8bodi ment s di scl osed herein rel ate gerer/ab1i099/046736
to a process for converting oxygenates to olefins. In
one aspect, enbodi nents disclosed herein relate to a

[ t fri
ABRORBER DI THANZR AR RIEI HARGL TR QLEFINS
an MIO process includin [ ng and recovering
et hyl ene froman MIO re%ﬁ&.@ﬁ$uent. In yet another
aspect, enbodi nents disclosed herein relate to an MIO

process i ncl uﬁﬁ@ﬂ@&@m)@Fd@IﬁGb@&U&i bent to

separate and recover yl froman MIO react or
effluent. In still ﬁ%.?tH fiﬁiﬁé@?sur%nbodl rrent S

isclo ' e
[OOOij et h%@%%?n%%hﬁ% Hregeé{clz :} glra &egﬁ uer?{) at %’gt oanvertmg
t oxggmiates sablefiant Ilﬁbnefaspem,t drﬂfbdﬁléﬁéﬁisc]laa@klgfrrauﬁdlate to a process

& S CbTHEE MO HETTH Ve de EBRbSGR P GG Bsclosed
bﬁéfe?n fopEIRALL MT@E@C@%llﬁclﬂ@iﬂ ts%éﬁtlr%eirﬂd\%@édv\éﬁﬁg £9Pne from an

such petrol eum sour ces. Fesul t, various
all\ﬂB@rraaqt&reefﬂoemetIn rygt amnhﬂcﬂspgxt,e@nbmixmems eiscltevé hepedrelate to

rcia ement rder, t uce thes
R ACE Brofr St HIeToE & hdcariobettsp st Bl GRrar 8 recover
CefiylenkOROB] aPRITEM GBadiGiC @ﬁﬁieﬁgy InN@N V&ther aspect, embodiments
catalytically converting nethanol to olefins (MFO).

Meisalosed hereim relatgdiol theasepptatibh eanflersdetany: l@f sthylehe depm an MTO
b‘f‘ealgﬁ)rll léhﬂ]?etnyﬁt C%HQ?IOHS Io %%‘%&’ gub Panf ﬁi@oﬁnat%on of IV?&%)

eum so exa ermemtati on of
b| orrass or from synt heS|Ba<ggﬁounE10004] A typical MO
rocess, as disclosed in U S. Patent No. 4,499, 327,
[000Z]hi ch fLémHed etygilanbior ped gk qost |0@°sp%ﬁﬂ¢%t%®urqeﬁv]@ﬂ5v@§1 to the

C o %&Ji 8! : Ca{i\?&m%‘"bgﬂc Loftl dAdt Yo h%ﬁh?%h%/ %Bd tﬁ’elff rc~lef*§lx§'at1ves from

an a um nosi er con n
anachppeeddnneséutcel e a tegupp) eisos altdngliltﬁve%o@ﬁpd&ﬁg tédhﬁhlogles have

as ethylene. Ethylene is an extrenely val uabl e
Bt W&p@ﬁéﬁfléamm%waﬂy Jralemfgtedan Yo @erpduss; thess, chemicals

o N Y ST 0005] Betore

[00034t hy| e@mepsuet ueethobyzyaimviives pracatiallg asonberting| iethmabl to olefins

U%Mq"O)I tMet?lanol is a readily available feedstock, which can be manufactured both
from petroleum as well as non-petroleum sources, for example, by fermentation of
biomass or from synthesis gas.

[0004] A typical MTO process, as disclosed in U.S. Patent No. 4,499,327, which is
hereby incorporated in its entirety, involves contacting methanol with a zeolite
catalyst, such as an aluminosilicate, under conditions of temperature and pressure in
order to produce light olefins, such as ethylene. Ethylene is an extremely valuable
commodity chemical for producing various derivatives, such polyethylene, used in
many commercial as well as consumer products and applications.

[0005] Before ethylene produced by an MTO process can be sold and used, it is

necessary to employ a process which recovers the ethylene component in a desirable,

ethylene rich stream by separating it from other components and impurities. For
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stability.

SUMMARY OF THE DISCLOSURE

[0009] In one aspect, embodiments disclosed herein relate to a process for the
conversion of methanol to olefins, the process including: contacting methanol and at

least one of air and nitrogen in a methanol-to-olefins reactor system; recovering an
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[0012] Other aspects and advantages will be apparent from the following description

and the appended claims.
BRIEF DESCRIPTION OF DRAWINGS
[0013] FIG. 1 is a simplified flow diagram for an MTO process according to

embodiments disclosed herein.
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[0017] At normal temperatures, the rate of N,O; formation may be negligible.
However, it has been found by the present inventors that the conversion of nitrogen
oxides, including NO and NO,, to N,Oj3 increases with a decrease in temperature, and

may become substantial at cryogenic temperatures, for example, at temperatures of
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limiting examples of diluents include helium, argon, nitrogen, carbon monoxide,
carbon dioxide, water, essentially non-reactive paraffins, such as methane, ethane, and
propane, essentially non-reactive aromatic compounds, and mixtures thereof. In some
embodiments, a diluent may include at least one of nitrogen and water. In other

embodiments, a diluent may consist essentially of nitrogen. Additionally, air may be

entrained into the methanol-to-olefins reaction system, for example, due to operation
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[0025] Similarly, the process can be conducted over a wide range of pressures
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of any diluent therein employed in the process, is in the range from approximately 0.1

kPaa to approximately 5 MPaa. In some embodiments, the pressure of the methanol-
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rrexdmpielat mrethlandl-toslef@acpiooesss yebedingray ehbobihemeedisclosed herein
%gl?l( | {@o&leyl%ﬁ{lérgao?ﬁgqg ICSGE g]{gggé gtfacf/?qféol]éﬁrl\l/g) aIn sorr?e embodiments,
h t [ S b

nﬁfe 8Rehs ﬁ?o&ﬂc%ﬁ ﬂ%é rigaald QUheSYS LR gﬁzcg 8{8 g%"gg:&fh& In other

appr oxi mat'el y a and approxi nat
[ 6OR6JiniEnt, meecﬂems }]mdmﬁdeda)bylcb.ldpromcessncﬁrerofﬂzddlﬁzj olefins. In

| ef i f t f .
el b RENEn B8 S Bloa R ATRAY i ds enBER S Cs 0 Co
dbrEhoIBH 1R RE NetRAYnd A W@y]‘éﬁ@ o stIPbRePEmbEdihRns3the olefins

ol efi ns and/ or di ol ef ns. sonme enbodi nents, the
obwilpess prioensistcssaytiallyctfgthyylense or nore of C to C8

100275 | i bR SRR BT b P o TG P t5E hetanotc-
otthelene H‘@&@Brnaﬂh&at ke Rl af lefs d@bﬂﬁ%@elyﬁamma%éﬂ%t In other

one or nore of C2 to C4 olefins, for exanple, ethylene
prabediBIsyiseree coRcanitatipn ifhethylenpoai thenmethanhktoogthylenss reactor
e I I 027
R RTI TETAE

t the cvatdmmmadbn bbethyydnena the agttigmorid- éthselehe E’@kttdi) effilient may be at
| east approximately 5 nole per cent In ot
elfBYAPREHIrgately 0 mbl st frosii lpgthes W(@h‘@eﬁ’tﬁ the goncentration of

nehPRAOT e n?ettﬁb)ﬁt)ﬁﬂieetﬁgl%ﬁé %ac%fr fefﬂ{%ﬂ{ mgfﬁ e BfleRlt abFRRImately 30

appr oxi mat o y er cent
embbedienesnt.s, t he concentrat i on of et hyl ene in the

t han to-ethyle react or effluent may be at | east
[Oozsggpr oxgnﬁ‘?eéh%}m% H{t}%@s p@aﬁ%?ﬁ mpy, g9 | PTOGP‘F?e rnon-olefin - products,
efRdi tShot ilﬁﬁtegqacﬁﬂﬁﬁiﬂg | 28t ne?te@{é& 'e@teH‘eFor example a

met hano -to et hyl ene reactor effluent e at | eas
ampﬂlaﬂ®1rmt0é¢ﬁn836aQWh@fﬂithmw mC[lﬁm‘Zﬁ]:thAne ethane, propane, n-butane,
nol ol ef.ins rea roduce

RGN T PSR B ORRG e URbETer i duptero, The presence

paidatdrchstratRRe tof | tBERShy-BEIBES  maN Q’aﬁfsaﬁfeﬁdmgo for example on the
exanpl e, a methanol -to-ol efins reaction effluent

| fvedionk aralifiartbe tenehandesizppbpranier, thebercing, con@l@bm,mé the type
m?lucto‘ﬁﬁ on oi'ﬁpeuéa‘?ﬂzst u?&f adi ene, dinethyl ether and
wat er . re

[0029] In some embodiments, the concentration of methane in the methanol-to-
ethylene reactor effluent may be less than approximately 30 mole percent. In other
embodiments, the concentration of methane in the methanol-to-ethylene reactor
effluent may be less than approximately 20 mole percent. In yet other embodiments,
the concentration of methane in the methanol-to-ethylene reactor effluent may be less
than approximately 10 mole percent. In still other embodiments, the concentration of

methane in the methanol-to-ethylene reactor effluent may be less than approximately
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and concentrations of these by-products may vary

dependi ng, for exanple, on the feedstock qualify, the
WO 2006/053308 si ze of reactor, the reaction condi t PORES20891016736
the type and condition of the catalyst used. [0029] In
some enbodi nents, the concentration of nethane in the

t deRet Ay 1 han ]
o o eneeBf ERR S SREh Gl The {ARBEBY P RERE i W ncihanl
t he-ethylene meacstr ieiuent mamp b dess tham dppeoximately 2 mole percent.

thano(#ht o-ethyl ene reactor effluent may be | ess than ‘
ppr oxitHRtTe Fifle otsackims pay calse . oochr yRtthet methanol-to-olefins reaction
o ; gy . ' .
SPRARTS S, SOURESH AL b cTRAALE o 1 o v
appr oxaatravieh yhd Oxpgdre ppsemeint entrdingt alrl oroteedxygenates inside the
enbodi ts, .the concentratign of, nethane in the
BT  BeBR P SBLEER bt oY KRR egeb@ulas Neagnd NO,.
apRr @RI hy Tt B RREE ?(S‘tcrydt%@nigt&ﬁﬁitﬁﬁgoﬂkﬁeﬁﬁiﬁes § further
concentration of methane in the nethanolto- ethyleéne
r &eact 60 fefmh|Neht arhighbe uhdesirableacorappmdxfromt béth 2 safete and an

rcent.. [0030] Other side reactions na | so occur_in.
© BB s O h o B 1SPrPEat o 1 o R eseaiysiba nitrogen
t bridds baitalbo firhd RORArARBEAEes ok hRABBINEASBRLfrdM oftRE oxygenates,
entrained air can react wth the oxygén present in

epishagsspragnd ehertaieohelsygenat es i nsi de t he

thanel -to0-0] efins reaction systemto formnitroge
[00312‘; des?n ioﬁg fudl AFOXD gﬁ’giel% ‘.ﬁs,&g} i LP:%&B g‘ﬁo%&%&'to"ﬂeﬁns
exqaoe dffluent ik 30AEgo A8 Gr inh$2B SepdrARHEstADek €3 BRdnple, it may be
further react to form N2G3, a highly undesirable
cOpsaner Peetsabtle scpssdtetsthper dipno pewiabs reagants and products,
S I Q.. . r Qi ' I n.the.ar.t woul d
F ERNRAL Blnc RNty 18 ARSIl bt Ao Bl ity msphane. and
poieesaeants araqiiongueduegs, ahdlilihtd. r om ot her oxygenat es,
uch as ethers and ot her alcohols. [0031] In order to
moniecov el 80RG | cERodyRenty At ease At Pgstien (of the heethanol-to-olefins reactor
MEfeRGhay 8s QUL DSextBRGLPLEy Rk lf&eljgﬁoqﬁ’x%. atlﬁgq%tg%no NRd/or ethers
or nore separation stages. "For exanple, it nmay be
desitzieet] drereivassgany ageonepalvahe satihys evagerf srogiyyar | AWSaqueous

tants. and ducts, includi but not limted to,
e FRGIOD BaYineatn BREBPecd ncpRiFAtanGH aeihanglded cUe Mande recovercd

TN IS, AN M BRI oo

naitdhigap lin meetlrnet amd ethers tnoay ef fdcoeered ey e feactot effarent in the

e action.systemfor renoving an t hanol and/ or

T HEPEO S P o e PRSP G SR Stacuiofy dter component
Siephrafisn(ORt BY sodfie GhSEmenthRGHERMDI 168kt FeabRY A may be
i ncreased concentration of nethanol and ethers may be

r CERRVBTSEE PP anp dudhar saparpém(slyst em A hydr ocar bon
[0033]0has € EWBh aRxT AR rrr]lg}r/] Be %pe%er(la’tt ipl¥fleerrr]1%thanol-to-oleﬁns reactor effluent

may also require removal. For example, an olefin product specification may require

[003

removal of carbon dioxide from the methanol-to-olefins reactor effluent. Further,
exposure of the carbon dioxide containing stream to below-sublimation temperatures
may result in equipment damage and frozen piping. Methods commonly known and
used in the industry, such as caustic solution treatment or amine absorption, may be
used to remove CO, from the methanol-to-olefins reactor effluent. In some

embodiments, the reactor effluent may be contacted with a caustic solution to separate
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and | ean in nmethanol and ethers, may be recovered from
the reactor effluent in the extraction system The
whydoosEsdHon phase may then be sent for furthePCT/US2009/046736
conmponent separation(s). In sone enbodinents, the
nmet hanol -to-ol efins reactor effluent nmay be conpressed
i t f i : 0]

b PR e A Sl BRRe ARl in WE Ry RGN, 1f pgcessary.
r dmotastoredfflhers mayrimycoaisesse@ption 1© theembal diokide removal stage.
xanpl%h>an ol efin product specification may require

[0034] ¢ oy all he Pressresont BRisk it engthaneltarelehins reastpn eflusnepamiead to a
r t. : RASL f rho .
bGP, ok SRl o SRRl RSB R Racton effluent
t emyeratiumeformation ef wiater iconéepyatp rthatt cad atmagge @qiphtcaz 8id freeze

i pin Met.hods , commonl y _known and used in the .
" HGST Ly Sre e s CRHOR of E1eSReT SHUERRBAES BRicANFIN one of o
aheab&t bORchBYesPEHDEH t&eﬁ%ﬁ?}ﬁ@ i%tr}rglﬂé% tr?gerequired or may be

met hanol -to-ol'efins reactor effluent.

efplodiabe pedormdiebasedion procets schemes amd/ tegpecomeaemptbyed. In some
mﬁtp caustic.solution to sgpq%gteg% | east .a gortion .

of %@mgg b® AT BIT Gis v ABEL MY b5 1 Irsspitating i lpaRs gportion of
| thenwgies Sﬂi{']i)’lg thé1@cdcRR G Bherf fThURRdr oIR8 MONPERSSRA desiccant
prior to the carbon_ dioxide renoval stage. [0034] The
p?"@@é‘ﬁ ebycot magitbeusechiondrying the neactor efflnentr dagei @her embodiments,
effl t . 1 nunber, of . prohl ens., For. ..
ch SO o 88, VEEF i e RBE Sl P e Pt gnd the remaining
eéfflueetnhayrdy driedulOthémnddhdmeibh aschaiquentemnfoaRdRRsAt 8nd used in

t hat. can dana%e equi prent and freeze pipes. Therefore,
d@ﬁyaﬁf%t%ﬂ%? s¢ e upgh ctigiecessayu st repgior efffgort mplt by compressed
Usi S0 PRew nﬂHEp of techni ques commonly used in
t%% iﬁdust%%rﬁ%y eﬁﬁgauired or may be optionally

[0035per f or Aephrbadedy ehalphoii@ssepatiients thichft @ipeR@fishe saethane and
en one%f I n sonme emhodi nents, a nol ecul ar sieve dryer

theneludiperiiogsapidas Mathat theemsthanelemlafisg rectorreifluent due

YR8y coiponBsk Bdifnd F&RTsOr A Efi i i
enbodi%e%%?} a éhéi ca% esﬁgégﬁgiﬁﬁﬁﬁ’aéﬁgﬁﬁé%Fﬂﬁ%isq”“““m
baeihedsl suoh adroyyapgnichBashesiagesrandf diktilémion, hmyyleid od fi@tnation of

nbodi ti .of th t I n_the reactor i
TRRSLAETSSg: SoF b SRt G 450 56 e
NBedR IﬂéétQﬂeﬁr%fbﬂﬁct@%@éﬁﬁ&@ﬁdrpéhcﬂ’&cthlr!i'vgﬂﬁﬁipg ?ﬁg&n%u%ﬁ equipment

known and used In the industry nay al so be used.
ary, the reactor effluent nay be conpressed

003651 " Pt P RS TN B SR8s A02 hyhes . arocaron
efblyibene chi O eMtiane uddiad heRbsorbdmab UdbdIste Hinl TOARRr ethylene
oxi des, within the nethanol-to-olef ns reactor

eml higher eleBnic duidswacomp dimemanbiTIQ mepcpiol effuenfist non-cryogenic
ﬁ;%l?lﬁgl%gﬁgs abﬁ(yre ex4ty lgeq}]! X/Hﬁ{ ar'g%&é’)kia%ﬁfégﬁ grtléh?cﬂng ethylene and

such as cryogenic ash’
dhsthind edn b cortByted @dtlh 4 BydrocaiBén @Bsobent in an extraction distillation

system, whereby at least a portion of the ethylene is absorbed by the hydrocarbon
absorbent.

[0037] In some embodiments, the hydrocarbon absorbent may be a C, to Cy4
hydrocarbon, for example, including at least one of ethane, propane, propylene, n-
butane, isobutane, n-butene, and isobutene. In other embodiments, the hydrocarbon

absorbent may consist essentially of propane.
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undesi rabl e N2O and may require a high degree of

dehydration and CO2 renoval in order to neet olefin
w@eadostsspeci fi cation and/ or to avoi d pi pe frRPerESHNY046736

equi pnent damage. [0036] It has been found that a

hydr ocar bon absorbent, such as a C2-C4 hydrocarbon

bsorb effe ively. use .an absorbent to
[00383epar a Qtsgn 9 ebc(:) g%/néermsét ?/Iegﬁ%cugﬁocg ﬁ%gaﬁ‘&l Séﬁgglfﬂi R inctide one or
hyithre et u0ive digtdlenied aMl6} dalaticNstedek] URRtexah le the methanol-to-
non-cryogeni c_tenperatures. For exanple, an
r alsdios seackrraiflaent masc be gprigeted mjthethe WWO@&W in one or
(o] t
05 FOB AR, D081 A0 SASBL B 3, s g i

posluimmrorafh a kérdesatfmyligpie chmﬁiSSOr bed by the hydrocarbon
absorbent. [0037] In sone enbodi nents, the hydrocarbon
[0039)hsor bdhe ORaYr BWTeExtRctiye cbsm}@n%b@dﬁmdlstflbﬂow@ﬁ@ﬂ B3y comprise
5100, Baear #0SyRk, PLOMER RUIRETS: o RRERE, 1o some
elaﬂnbdcﬂlmentss thd mectiyroi-acalefinn redus@r ffRkntayd Ch@ﬂfdcsﬂbon absorbent
propane. [ 0038] . I n sone enbadi nents,

aI I
RV o XC&?‘LFPWF%& %anl‘y/slpeth? ffrartien digdllenn wst%r dn other
eéﬁaﬁé‘(ﬁ}ﬂeﬁ% S tnllf!ﬂlléﬁ‘ltol Rpoﬁﬁgé QFacgérséfﬂuL:ﬁtt hep hZ?%@%on absorbent
For exanpl e, the nethanol-too I ns reactor
rmytylbe comnttadt:&@umﬁmtty inltke bytdrcdondbatiathegsteent in one

extrac edls illation or distillation
[00403; .o age ?C}%@}EE ifpeas, the exagt ol %tﬂ@flﬂ@ﬁiést%ramﬂmbeoqperqﬁed at an
Aoe@hdRIS t@hpdittlubd P HpFoitIRE, 959@?&]%r% GRSt efBb&iments, the
extractive d| stillation and/or distillation stages nay
cortmciior dlstd!ﬁsloandystﬂm pagkibeg opemtegr aiviadi ogerbeads temperature of
sufficient s cefor t

- e
o 2 ESF Rl v BB bndimes I8 Supption distilation
agbteny (illﬁz@CBé b)@@ra@é@lsélf herbelBydsoRnfR @6t (ﬁdapprommately -40 °C or

counter-currently in the extraction distillation
sgisatem In yet othes ebedpainte thesextragiomdisHHatiin sy@tem élﬁ}/ ipg operated

BT S0l U SRR Ol TR, g ot

symbatimehBO 46 ekﬂfacﬁoﬁﬁhﬁﬂbmdh ngBies nidyebexbeacdd &han overheads
distillati ystem may be operated at an over heads
t EHPETAYIE O 3a81?r0§}5ﬁt%1x| )r%t(élof/ gregiprodn pihepphpdimentspthe extraction
0 t
R e Rl el e ] B AL b o 4ty o
affpoogieaat.el y -50 OC or greater. In yet other

nbodi yrent s, e extraction distillation system may be

W“‘”Eper at a&ﬁﬂ%ﬁ?‘é?fh%%a SreSEHRS dnpsidq the eas?ra%wrdésalkﬁlﬁ% pystem may

Héjmgﬁ:lteﬁﬁecgéteﬁfe%l relfirdefor Qﬁ@@i’éﬂﬁm‘i’idalnﬁeﬁtré%mgaefor absorption of
extraction distillation systemnay be operate

ethylene into the hydrocarbon absorbent. In some embodiments, the overheads

pressure inside the extraction distillation system may be in the range from
approximately 0.01 MPag to 10 MPag. In other embodiments, the overheads pressure
inside the extraction distillation system may be in the range from approximately 0.1
MPag to 4 MPag. In yet other embodiments, the overheads pressure inside the
extraction distillation system may be in the range from approximately 0.5 MPag to 3
MPag. In still other embodiments, the overheads pressure inside the extraction

distillation system may be in the range from approximately 0.5 MPag to 1 MPag.
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at an overheads tenperature of approximately -20 0OC or

greater. In still other enbodinents, the extraction
waele@biosiIset | on system may be operated at an ovePCEHEMR09/046736

tenperature of approximtely -10 OC or greater. In

ot her enbodi nents, the extraction distillation system

10042137, S HheRars, GGy &L R ppg R gdhepeipenty g6 ethylene
ORI BREL P 8RS $bHed R decdvBR 1 8Xdrh At dx@RcdhrS Hﬂs{iilﬁldngﬁ/stem as a

system may be maintained at a level required for the’
diogtioms drartdon aleagasith deghydgcdrben absubenti om ether embodiments, at
e o Q absarhent. In _so

o B R e 0P AR BRI oy b RTBea and recovered

eXforraahé asxtatsdr | didllation s ystedin £ bOttbis t RectlocdN@fng with the
fromapproximtely 0.01 MPag to 10 NPag. I n other
ehBYAraRRM absorheat.olbyeienibiey embogiments,i 4t deagbapmieximately 90 percent

. . i ; : o
SHLERELACR, AL 5B DRI TEL R gy AP st
esxoan merd bottdthe fovtohaboty piteshehgdioeaibde dbserbent. In still other

t tion distillation systemmay be in the range
f PBRPUBISGx At AT 05 BerwgngL [eHydene] mobichls may be
eQ%%e@%‘dsrecé\]%?ecpﬁsﬁlhﬁé@§tr9&ﬁ§§&i§tﬁ%§ti‘3ﬁ'ﬁ&ﬁltnh% a bottoms fraction

extraction distillation systemnay be 1n"the range

f along apr g hydtoetnp o absdvbay. tlo othePadpoflingehdy, at keastapproximately
egbodi nent t | east .approxi nate 70, per cent .of )
O R BB Ry B R e b dnta o REREGEY 68 hsgxtraction
t BRtiRxidnagbteMMsA dtiohl satdc@Bn S)6hk SMtAHe AySOLLPOR absorbent.
fraction along with the hydrocarbon absorbent. In

[0043bt her &hbbditerenfiactien magdwt fusthpr soparatadetoyreBvep ettgderte. In some

| | | be ,absor b d d. .
P S PR o 5 OB PSR SRl 4R et QTG gracion and
f & agidicearbah ORg tivint fhctudenghydIQSRHLRO B AySOS hagaﬂocaﬂben Wehvier than

ot her enbodi nents, at |east approximately 90 percent )
ofthilens:| Enethgiperabedimsniyathehwtigmsdrastion awy heesepyuateddo form light

f ' ISt .0 0 .
| EAILBGERAEAS! Ol R EMELALED, B3 1 A Mn racion
stadtdinmigheteastrdno di;p@nliglroaibdreast appr oxi mately 95

ercent of ethylene nol ecul es may be absorbed and
|0044Eecovekb§mﬁﬁdﬂ@@%@ﬂé%ﬁwﬁ@tWHWGG¥§ﬂ¥HP%ﬁh%ﬁa@V§t@ﬁFé§dﬁmmb0n

bo b AR fe'éﬁ)‘ée[é%?ﬂl t‘ﬁle %Qgrgt%cfsrhgclﬁgn %%Oq{ )3?1%?1%&&33 Zr%'hpﬁl%textraction

In other e ment s, east appr
péistldattonclstemhy lean ehancippodimstelye30 heleghsambeth ather embodiments,

recovered fromthe extraction distillation systemas a .
bGEt SORSSRYSHOR Bk G o??gﬂwf Rt W%wf%@gwg%sm%ﬁ?d in_ the

[ SR4Radd Rachat LIBAE WiltPhlkiaRe TR BR SMhLEHG dﬁﬁﬂ%ﬂﬁﬁt %gtem is less
I e bottons

to recover ethylene. In sone enbodinents, t
f thae eppaximeajellyd Ssuplmaredt.t b yoratharendtodyhens the acidentation of

%%g E%m%é g{vgrg%{ %qr,%trlaoé]: Itsi 1;%@ tlhrg%yegéc{] % tﬁet: 0\|/eerﬁgz§ds ?{]a%tiglfl along with
methane from the extraction distillation system is less than approximately 10 mole
percent. In still other embodiments, the concentration of the carried over hydrocarbon
absorbent recovered in the overheads fraction along with methane from the extraction
distillation system is less than approximately 5 mole percent.

[0045] Embodiments disclosed herein maintain pressure and temperature inside the

extraction distillation system sufficient to prevent any significant formation of N,0s

from nitrogen oxides, including NO and NO,, present in the methanol-to-olefins
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et hyl ene. I n other enbodi nents, the bottons fraction
may be separated to formlight hydrocarbon fraction
w@oasassg et hyl ene and et hane, and a hydr ocaP@DDS2009/046736
fraction containing at |east one C3-C4 hydrocarbon.
[0044] In sonme enbodi nents, the concentration of the
c ' hwdr r; 1 Nat.h
o oo VTR st oo ik e of NO,
eXdrmatbn becothestsignlifidanoat syptemresbdlesapproaimately -90 °C. Thus, by
appr.oxi matel y. 30 nol e percent. In other epbodinents,
t g"lg‘é‘ﬁc“ém% G BIPCETS tHPEANLSH éHﬂ WPEYXL @E;chd g@rﬁmd below, for
absohReNby NaGRY ar BetirbEarbdle aB¥GPRERIRodsGEERTINE! RN Imbodi
mﬁth‘%eth%negg¥onwgﬁe éxtrgbf?gﬁ diq)z(t)iIIationmg%ysterr%b()dlmemS
i distlosel henein, thp forodition € NyO1 Braydieerpentedrtr signifiopetly reduced.
t her odi nent s ne concentration of the carrjed
(0046} ¢ h{aRoR B b SR 7 deonrat dr CAnYoREngG pRsthanglido olefins
f RAGIIRY t&lcaibBdihdts HRERIAE hékhM! fMRis@atbd 2% ok Anplicity purposes,
distillation systemis |ess than approximately 1% ngle
pawdhbany eqpnent has peh emitedHdinntba figuret Hencofwdinaryagkilbm the art
of the carr.ie ver hydr.ocar bon, absor bent. recovered j.n.
bl ebRitied HatEbro K RPERA AN REFBER AR PE TR ES fiffied o
eytunps cb@predisit,i HehBdcBRngeYS A, ebRBSrhbd, flow lines, valves, and
approxi mately 5 nole percent. [0045] Enbodi nents o
deeiraddeapsheanealsp havsadai Forpresple othen deaterapapiillysteated in Figure
i nsk . t ' [ st [ t ffici .
5 BREVEAE SEEERRR B bl uBR SRR s G excractive

ndistibgn okimeand bthet tdturegs (Nat mad bbidBed pidesaMd appeat ia Process
met hanol -t o-ol ef i nsreactor effluent. As di scussed

afdRaTmenthien Biagrm G MEembpEmeRsalisfoskg beren, are presumed.
" ikl !
10047} 01 10 MUBSERTE Be ST 6 AT Rlnch FERRIAL MER SEUOH 10 via flow
plicc dg2. tAmmerdatruriesgaf map beoxtrate] with9%Be Qhethardl feed or added

bel ow, for exanple, by ysing.a hydrocarbon ahsorption
p %V%E%ﬁﬁefq%g&‘t‘% Siprloag hsFegshdp dog BOSEFSheYigoRen gy also be
f QBisi O (h N2 HBY bReupsIRYERRE n&ﬁha%bg?-él'eﬁﬁ@féa&or system 10

reduced. [0046] Referring nowto Figure 1, a process
f o fdonviee t/i0dg Methhaelol 02t may Ibefdonmcdowitlliangtalyst at conditions of

di ts . discl d,h inis. ill ted. F
SRR Sy SSRGS D ML e S8 10 procuc

ogthylesd f rOMéthendlitgeldins Oracet efbmamaysikb! tecbertdefrom the
art woul d recogni ze that other eagl prment "and devi ces,

i ethgaeltg-definsnatactor niysem t/d, visuflpw, livsond¥lbes s&r slischgsgd above,
s\ € v o , oLl owd in
CAFBRRE, S 05 PR TRRELS LRGBSl BhpEotetns reacor

exfilophte] 060inhe unfl@gb Uaeisud 8dpatdtlons tté a¢rBelvd Bnd-bfiHoge df ethers and
including but not limted to, external heat exchange

| Peplolosarne disideapd vetditiam theatepgir eidiughinl (r@pdeid separation
LAl T S B S SRR B gt
emfrogémensis ndiysted imsedudedrteithe raactopsessem®ih one or more of vacuum
leaks, feed impurities, and diluent feeds, by way of example, but other techniques

may be used as well.
[0048] The methanol-to-olefins reactor effluent in flow line 106 may then be
contacted with a hydrocarbon absorbent fed via flow line 122 in the extraction

distillation system 72. In some embodiments, recycle hydrocarbon absorbent make-

up may be added via flow line 124. As the hydrocarbon absorbent traverses the
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[0047] Methanol may be supplied to a

nmet hanol -t o-ol efins reactor system 10 via flow |line
wano/0%8598 and/ or nitrogen may be entrai ned w tPCT/082009/046736

nmet hanol feed or added through vacuum | eaks, thus

supplying nitrogen to the process. N trogen naﬁ al so

b d di. t be supplied to. t

rEe IR, ARty MRt IRLpEGRHBE! Biorbiiy, g chydrocarbon

1@Usorbdzit had dle abSabedythprRne anfyas reebwirddfrémand eltstioflistillation
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alyneédiRifibns, can accumulate and cause dangerous runaway reactions and even
explosions. As the rate of N;O3 formation drastically increases with decreasing
temperature, and thus the cryogenic processes at temperatures lower than
approximately -90 °C currently used for separation and recovery of ethylene from the
MTO reaction effluent are a major safety concern. In contrast, Applicants have found

that using hydrocarbon absorption to separate and recover ethylene from an MTO
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[0056] Recovery of ethylene and/or heavier olefins from an MTO effluent according
to embodiments may also reduced capital and operating costs due to reduced
separation requirements for other non-olefin components present in a methanol-to-
olefins reactor effluent. For example, limiting the process design to operating
temperatures of
-90 °C and higher, and in some embodiments to temperatures of -40 °C and higher,

may eliminate the need for expensive ethylene and/or methane refrigeration loops

commonly used in ethylene plant cryogenic separation schemes. In contrast, using
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refrigeration conpression associated with the
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non- cryogeni c extractive distillation process. [0055]
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contrast, the C2-C4 hydrocarbons have no further use
in the MIO reaction process, and thus may econom cally
be sent to fuel. [0056] Recovery of ethylene and/or
heavi er olefins froman MIO effluent according to
enbodi nents may al so reduced capital and operating
costs due to reduced separation requirenments for other
non-ol efi n conmponents present in a nethanol -tool efins
reactor effluent. For exanple, limting the process
design to operating tenperatures of -90 0C and hi gher,
and in sonme enbodi nents to tenperatures of -40 OC and
hi gher, may elimnate the need for expensive ethyl ene
and/ or met hane refrigeration | oops comonly used in

et hyl ene plant cryogeni c separation schenes. In
contrast, usingpropane and/ or propyl ene refrigeration
to provide chilling for a nethane-to-olefins process
accordi ng to enbodi ments di scl osed herein may
substantially reduce capital investnent costs and
improve reliability. While the disclosure includes a
limted nunber of enbodi ments, those skilled in the
art, having benefit of this disclosure, wll

appreci ate that other enbodi nents nay be devi sed which
do not depart fromthe scope of the present

di scl osure. Accordingly, the scope should be limted
only by the attached clains. CLAIMS What is clained: 1.
A process for the conversion of nethanol to ol efins,
the process conprising: contacting nethanol and at

| east one of air and nitrogen in a nethanol -to-ol efins
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nitrogen oxides including NO and NO2, separating the
effluent via one or nore extractive distillation
and/or distillation stages to recover a first fraction
conprising ethylene and a sgaeRgs fraction conprising
met hane; wherein the separating conprises operating
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conpr- %latrllg tniﬁeeef T%e 281968 %ﬁre(ﬁmﬁa;‘fb ggglt’%lg ﬁ‘&‘g or distillation
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further co r|s|n (greratln the extractive
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conprising operating the extractive

col Uneding addeasy erpretids qf@m@tﬂainulr@) @lfeﬁnsﬂfmomrefﬂuent comprising
greater. .7. ess_of further conprising

oper at PSR gm&t?xy%g? R %ﬁtgatcﬁ'ff g’ls ool at  an
overdoaadfcuplefSs Utdhtadlinghehd are@of rauaowithl d:01Bo0Wne C,-C,
4 MPag.8. The process of claim?2, further conprising

separ abydfgcatrh@n botthowstractiet disilationt erwmantoepigiesnen overheads
fracti Blc¢ ﬁ%z (%3&%&{1%) ocar %@ EI %%b&&n% ?%{161? I%Qﬁ%gfalgmg Sihe at least

| east one eaVI er than e

The pr ome€§Oth@ﬂoamﬁb12and emhy]&ﬁé conpri si ng separ ating

tll]ﬁ bottons fraction to fo

e process of claim 2, wherein the at least one C,-C4 hydrocarbon comprises at least

one of ethane, propane, propylene, n-butane, isobutane, isobutene, and n-butene.
The process of claim 2, wherein the at least one C,-C; hydrocarbon consists
essentially of propane.
The process of claim 2, further comprising operating the extractive distillation column
at an overheads temperature of -90°C or greater.
The process of claim 2, further comprising operating the extractive distillation column
at an overheads temperature of -40°C or greater.

The process of claim 2, further comprising operating the extractive distillation column

at an overheads pressure in the range from about 1 to about 4 MPag.
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I i ght hydrocarbon fraction conprising ethyl ene and

et hane, and a hydrocarbon fraction conprising at | east
woraoeB5®Wt hydrocar bon. 10. The process of cl aPen/8$2009/046736

further conprising recycling at |east a portion of the

hydrocarbon fraction to the extractive distillation
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Hei&l uent w P.a%r?l cul ar si.eve dryer to separate at
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ef f |dd>ﬁﬂﬂi:tiﬁ%ﬂieﬂ@a@!otf EHueRdyier BE 8fidodt k@R cotprisB@sh least one of
one of carbon di oxide and water; and feeding 'the

r eact obvater fand ghtcoh tviamepvg angductbenod on ethets eantanedothergin to form

| east f [.oxi de. and er _as_.the at |east
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of clajm2, further conprisjng: condensi ng and

r ecy€fdingthahydiogaiboy nhaye tpdhe ertrachee divellaacelummat thegt least a

to the &ﬁghg@gﬂe\érlg%(ﬁ%s%h%ﬁti on colum as a reflux. 14.

The prgcess 0 erein the at | east one C2-C4
12hyble poaedsarf ckhamps; figdsr poopasiag: and wherei n t he

over heads fraction further conprises propane, the

proc?é Sk her conprising using at |least a portion of

the oveshgagg the 364dt@Ne@Bed FHB!a catRtic AoRKiBR &S SehRhte at least a
t he conversion of methanol to olefins, the process

conpri si myreonelzathongliptéranol and at | east one of air
and ni (E(;nqgc%ﬂgitﬂe %agc%tr Qﬁpu%lnf \tNﬁfl %l n%liegu arrs?gv%tcggierstgss%ga%te at least
a portion of water;
recovering a reactor effluent having a reduced concentration of at least one of
carbon dioxide and water; and
feeding the reactor effluent having a reduced concentration of at least one of
carbon dioxide and water as the at least a portion of the methanol-to-olefins
reactor effluent to the extractive distillation column.
13. The process of claim 2, further comprising:
condensing and recycling at least a portion of the overheads fraction to the
extractive distillation column as a reflux.
14. The process of claim 2, wherein the at least one C,-C4 hydrocarbon comprises
propane, and wherein the overheads fraction further comprises propane, the process
further comprising using at least a portion of the overheads fraction as a fuel.

15. A process for the conversion of methanol to olefins, the process comprising:
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recovering an effluent fromthe nethanol -to-ol efins
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21. The process of claim 15, further comprising separating the bottoms fraction to form
an ethylene fraction and a hydrocarbon fraction comprising the at least one C,-Cy4
hydrocarbon heavier than ethylene.

22. The process of claim 15, further comprising separating the bottoms fraction to form a
light hydrocarbon fraction comprising ethylene and ethane, and a hydrocarbon
fraction comprising at least one C3-C4 hydrocarbon.

23. The process of claim 21, further comprising recycling at least a portion of the
hydrocarbon fraction to the extractive distillation column.

24. The process of claim 15, further comprising
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conprising at | east one of water and glycol to renove
any net hanol or ethers contained therein to form an
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met hanol and ethers and a hydrocarbon phase conpri sing
met hane and et hyl ene; and feedi ng the hydrocarbon
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syst emceibtisiagtat ledst.onthd vatacesiszlgdol ¢b adridvkedanyfiéthl®] or ethers
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ef fl uent V\nt?i a no ecuﬁ ar sieve dryer t0 separate at

| east aeflomt andeibfylenataxl, recovering a reactor
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| east one of carbon di oxide and watér as the at |east
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to the e tra%tive di stillation colum. 26. The process
of ca\ti‘?a A ' urther conprising: condensing and

recycl tfa@ing! @8SbactorP@lub@twah 4 BfisBY 8bREBH 0 fsepfihicOR least a
to the extractive distillation colum as a refl ux. 27.

The pr ocewstiesf ofdaghom disxidherei n the at | east one C

L%, 1SS R5311%5 KAUBE L8R PLARYTFs B0, S0E0 e s

process faydrtied oLwages;i si ng using at | east a portion of

the rgé/o%rerhlgg %Srefagtgrc te‘ifﬂourén‘fjl %a\?ing létele'duced concentration of at least one of
carbon dioxide and water; and

feeding the reactor effluent having a reduced concentration of at least one of

carbon dioxide and water as the at least a portion of the methanol-to-olefins
reactor effluent to the extractive distillation column.

26. The process of claim 15, further comprising:

condensing and recycling at least a portion of the overheads fraction to the

extractive distillation column as a reflux.
27. The process of claim 15, wherein the at least one C,-C4 hydrocarbon comprises

propane, and wherein the overheads fraction further comprises propane, the process

further comprising using at least a portion of the overheads fraction as a fuel.
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