WO 2010/053598PC1'/US2009/046736 ABSORBER DEMETHANIZER FOR METHANOL TO
OLEFINS PROCESS BACKGROUND OF DISCLOSURE Field of the Disclosure [0001]Embodiments
disclosed herein relate generally to a process for converting oxygenates to olefins. In one aspect,
embodimen&E@egse®mherein relate to a process for converting methan8H GHEHIMIO). In another
aspect, embodiments disclosed herein relate to an MTO process including separating and recovering
ethylene from an MTO reactor effluent. In yet another aspect, embodiments disclosed herein relate to

an MTO pradeSiRiIddint Ddily& Ayidradsibth RbEdube ittt IddaddE Andlrerdvérteiiieéle from an
MTO reactor effluent. In still another aspect, embodiments disclosed herein relate to the separation
and recovery of ethylene from an MTO reactBRMANBE& conditions to avoid substantial formation of
N203. Background [0002]Limited avallabllltﬁ and rrlégh cost of petroleum sources has led to the
increased cost of producing badicde Stel ks Hekvatives from such petroleum
sources. As a result, various alternative %ci)dgﬂpgp@lg ﬁglﬂ leggles have been developed and
commercially implemented in order to produce these chemicals from non-petroleum sources at a
competitil8Mbdt. [0003jDhedsnenttedinclotedyhineblvesiacatadpttdlly toavereirrgsmethemoktgngefins

(MTO). Metha”Qlﬁg%ﬂ&@Q{B/cﬁ‘é’ﬁﬂébiﬁ 5‘3@‘1%%8#’e\‘lﬁ%&ilxﬁ%sb&éa@w%@%?%fa@% flop pairoleum as
well as non-petroleum sources, for example, by feimentation of biomass or from synthesis gas.
for converting methanol to olefins (MTO). In another aspect, embodimenits disclosed

herein relate to an MTO process including separating and recovering ethylene from an
MTO reactor effluent. In yet another aspect, embodiments disclosed herein relate to
an MTO process including using a hydrocarbon absorbent to separate and recbver
ethylene from an MTO reactor effluent. In still another aspect, embodiments
disclosed herein relate to the separation and recovery of ethylene from an MTO
reactor effluent at conditions to avoid substantial formation of N>O3.

Background

106002} Limited availability and high cost of petroleum sources has led to the
increased cost of producing basic commodity chemicals and their derivatives from
such petroleum sources. As a result, various alternative competing technologies have
been developed and commercially mmplemented in order to produce these chemicals
from non-petroleum sources at a competitive cost.

[0603] One such technology involves catalytically converting methanol to olefins
(MTO). Methanol 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 methano! 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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[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 vatasiple,cdependdity chehvidatdstopkodumiprsiamio dbedwdvttivesrslidhnsolyedi#ene, used

i many commeycia apaiel s oneunSEePdHIs s ANER NS, RANSIRRIA G Slang oroduced

by an MTO process can bé sold and used, it IS necessary to employ a process which recovers the

ethylene compankhipin paceéinabieshethytetienich ktrekiitity, separaticglirfsatn siwtiosdhpearnts and

impurities. For _example, de eWn the feeds p §i§il%1 gg regagtionGendigigngcand the

extent of side r%cécgﬁoﬁ%?%% I@I“? effludnt %easrg é%n%%%r?%&ggr ﬁght oI%%ns ang d%olefi&n.'s, an Iigzﬁt

paraffins such esmmethiareefsnrabitition Nsie farticuit sideandactipgethat eal ovcainddimgitherMTO

process is foilnag{on of]éégrpogt%g W% N?r(%y? NO2, commonly referred to as NOx, from nitrogen and
[ ed'to

: i ;
oxygen in any entraned airin or nltrogear? the MTO reactor system. [0006]One process for the

separatifi86p recoveérirgahethy|éretfrorcpmddt® processeffiugnifiribitesctHeouseunf Md$h stages

and distlation at cryoggiye lampergtures, as desrinern U, Palent Mo, 1460757, d4.499.527.

b
. Q .
As described tREFETH; tiie SR AR QAT of the Art ot ylené recovery and separation protesses which

dominate the ineluptiyiimes|vescryogebiaiboiling poiPitseparatiory a6t raarti4hdiiahe ahs
temperatures that may.be lower than -90C The cryqQggnic sepayation can be ver Xp '\( 1gue to
both the capita?%%:;ngo thﬁéesrﬁlgéig?’lge%l\llrgs%e?tamteetgﬁ%?/ 3?1%% Egg?a{?%cr? ‘é%qr\gip%%nt%%é {%e
operating costgyrinehsdingldompeession trdsbatingifontie eyempintensive sl Fepar{000DfThe use
of cryogenic te ratures during the processes foy, treating the MTQ proc ef L [esult in
unstable and p%t]t%aﬁ%?lfn anmgeéré%}% %ggPﬁFﬁgf%%ﬁ Rﬁoﬁlrrsl??éggrc e?g‘gr%rp eg,%h%%;%x %ﬁggegtgl %} tﬁe MTO
process effluenepantieacttoforarN203:msinthkr ibfmshbbercipiadctsaotith Npesidbikdticscite

significantly increases with decreasing temperature, thus making. a cr icg Cess ially
susceptible. Niﬁ%ﬁsuaf%gha@ oxfg%a%tL %%%Or%poe&ﬁl ,n\;vnléh %%?1 f(%}rgrcn k?i%%%/q%%staﬁe ’ané%ﬁ%ﬁ? reactive
gums upon contaapyeitkigoiyd nsalingpfedtco smpogmndsessich dslbotEdiene. Even at cryogenic

temperatures and at concentrations in the ppb levels, such unstable gums can accumulate and cause
dangerol}iifjaway r&hetiosesodrayegeniexpligsiomse{ QOBIgAbeqrdinessstiier érestists thandEor an

imreved g e n QRS IR b SR MR GE e Y poaoter
stability. For example, the NOx present in the MTO process effluent can react to form N»O;.
Further, it has been found that the N,O; formation rate significantly increases with
decreasing temperature, thus making a cryogenic process especially susceptible.
N-Oj; is a highly oxidative compound, which can form highly unstable and highly
reactive gums upon contact with poly-unsaturated compounds, such as butadiene.
Even at cryogenic temperatures and at concentrations in the ppb levels, such unstable
gums can accumulate and cause dangerous runaway reactions and even explosions.
[0008] Accordingly, there exists a need for an improved method of treating an MTO
process effluent to separate and recover ethylene and other valuable products that
reduces the capital and operating costs and improves the operation safety and
stability.
SUMMARY OF THE DISCLOSURE
[06609] In one aspect, there is provided a process for the conversion of methanol to
olefins, the process comprising: contacting methanol and at least one of air and

nitrogen in a methanol-to-olefins reactor system; recovering an



SUMMARY OF THE DISCLOSURE [0009]In one aspect, there is provided a process for the
conversion of methanol to olefins, the process comprising: contacting methanol and at least one of air
and nitrogen in a methanol-to-olefins reactor system; recovering an effluent from the
methanol-to-olefifiscredetar systewritcooipoisibefinetbanot, Gistathybetvesing etetinepktdiderntieyland

nitrogen oxides jncluding NO and.NO2, separating the,effluent via or extractjve distillation
ndlor Cistlan S e A g R e SR 206 SO0 SR
comprising metffinejtwherein therseparatingi conlistisescmpendtorglikgl atierostawesete xtractiver
distillation and/ rsgigglcltqggn Ostaé%%s at g "E) eratu&easSaggnﬁr%%g%esc%%{figseigt to %‘1{%-”&: any. 1substantial
conversion of nitrogen oXidedh %3%%6] n another aspecf, there 1s prd‘%/llae a process Yor the
conversion of niethapetdinglefinsptisesprpeesingothprisingoferding attectsta gistiflonaf and/or

methanol-to-ol%gisgﬁla?actq effluent comprisin mcfthane and eﬂgeé%in[e to an eﬂtractivgbcgi[stililapon

column; countercurreﬁ?ﬂ/ %8‘%?50%&8 s ?é%rce OF ETHUSRT With At 1645 otﬁep 85?84%19//d“?ocar on in the

extractive distilationrsoinfiniogredoceantodefheads fraction comprising methane and a bottoms

fraction ising the at least one C2-C4 hydrocarbon and ethylene. [0011]In another aspect, there is
provided G0 cess foP AR LB, GREToh LA EGI S AT e oD SEE COTHB e Bt
methanol and afiégas! dirembadsandmitriogen liealime talvakic-glefing refctenayisteiicetawering an

effluent from the methanol-to-olefins reactor system comprising methane, et 1€, and nitrogen
oxides incIudin@eT\TBra%gilﬁ a1 igr%ﬁgdltnleetg% %aﬁlor |omlct)3f1 ﬁw%grerl]ne Xgﬁgﬁ e-é}lgﬁﬁ%on St
effluent to an extiactnendistiliationeelumie connterefituentlychatdetisigp e meEthHanbbtarblefims reactor

oleting reactor system
system effluent with at Iea&:t o&}gt‘iz-.c4 r%

it aticast one G2:Git fufracarhon inhe exiractive distilation colum, o produce an
overhead fractig’ﬁ c%)ﬁ{prl%lng AR AR A Bt St Hrashion comprising the atleaStoRe CEC4

hydrocarbon amckéthwdene! apenating thetutractiveidistilton tedsnmaCzanditipdre sulficiemtito (i)

absorb ethyleneé}lln the at least one C2-C4 hydrocarbon; and (ii) prevent any substantial conversion of

the nitrogen oxides T°N203. [0012]Other aspects and advantages will be apparent from the following

descripti%fﬂd the a&ﬁ%g&%zp l%%prggf, EllglleE g: B‘E\%&@%IE gl!‘{())clélsso grl%ﬁeAc\{)\{llvNe%?on of methanol to
olefins, the process comprising: contacting methanol and at least one of air and
nitrogen in a methanol-to-olefins reactor system; recovering an effluent from the
methanol-to-olefins reactor system comprising methane, ethylene, and nitrogen oxides
including NO and NO;, feeding at least a portion of the methanol-to-olefins reactor
system effluent to an extractive distillation column; countercurrently contacting the
methanol-to-olefins reactor system effluent with at least one C,-Cs hydrocarbon in the
extractive distillation column to produce an overhead fraction comprising methane
and a bottoms fraction comprising the at least one C»-Cy4 hydrocarbon and ethylene;
operating the extractive distillation column at conditions sufficient to (i) absorb
ethylene in the at least one C,-Cs hydrocarbon; and (il) prevent any substantial

conversion of the nitrogen oxides to N2Os.

[0012) Other aspects and advantages will be apparent from the following description

and the appended claims.
BRIEF DESCRIPTION OF DRAWINGS
[6013] FIG. 1 is a simplified flow diagram for an MTO process according to

embodiments disclosed herein.



[0013]FIG. 1 is a simplified flow diagram for an MTO process according to embodiments disclosed
herein. WO 2010/053598PCT/US 2009/046736 DETAILED DESCRIPTION [0014]In one aspect,
embodiments disclosed herein relate to a process for converting an oxygenate to an olefin. In another
aspect, embEHiRi&Ht83a8closed herein relate to a process for converting FRetRAHEP & GHfins (MTO). In
yet another aspect, embodiments disclosed herein relate to an MTO process including separating and
recovering ethylene from an MTO reactor effluent. In yet another aspect, embodiments disclosed
herein relate an MTO process inclubthg ddihi B AYERCRHShI&NSorbent to separate and recover
ethylene Lm Tn MTOI eg‘lluent. In still alaothe{ agggct, %[ﬁ]bo.dim nts disclosed herein relate to an MTO
process ihc ué'ng use of 4 CoPEs ’ﬁymc})r%églr%%ﬁ LS ATTD L EDARATR LR FESaVE FEKETER® from an
MTO effluent inzonexpgamdeacextraletive distillztiensamalioe distilationssiaglescdtiaripesaidressand
D e OLQ PEs SRl SURIE R A >R QLR AR PO 080 MR o

p roc a

. . nvyel. Q aspect, .
Olefin-containing streams produced, for example, via .MTO sses mgly inevitably contain trace

amounts of nitrégeivdsides, wledhdghveianaNoR, TydEaly priteyendxddes smiasry holvever,
under approprigie cRAMIIoRS. IBESeRAMPAHNAS ey fuheL fgash to form N203 which.is fighly

reactive. For example, even tfrace amounts, N203 rg% combine and react with poly-unsaturated
i

olefins, such asHiadiBRR piEsaeh s eBidaiesmATiRgrsasarmingduing wigey bressdeum
compounds. Sugtieempatindsaale adtaiabsafel Ak apeaRIIITONERTR:AS thewiMak®aLSe runaway

reactions and even explgsigns. [0016]As ysed in embodiments disclosed herein, the term "'substantial
conversion” in Erté?g%’n%gjf)og’rﬁﬁéﬁéﬁ%@ﬁf&@?ﬁ&ﬁé‘fﬁ@ RS fioR AF P HECHA USRS SN 203 at
levels greater tHanhiOrppivbionsdnetenthiodispents, reaiervtraniyppb tathe nentbedimanis, and

greater than 1 pph in y%)%h rem bodi?nlns%ms.iConglg;seIgi,S; revention of any substantial c%nversion"

. . 0 :
or like terminology re?ers to the prel\\;{én ion of the [?lratlon andlor AeeumulatioR S REd3 X levels

greater than 10%%W%WmmmW§Mﬁtm@$gbdﬁrdtft@eembé@im&m&%pd greater than
oot st BRI aripismiehisa e e PR et may o

inevitably contain trace amounts of nitrogen oxides, including NO and NO,.
Typically, nitrogen oxides are inert; however, under appropriate conditions, these
compounds may further react to form N2Os, which is highly reactive. For example,
even trace amounts, N>O; may combine and react with poly-unsaturated olefins, such
as butadicne present in an olefin-containing stream, to form highly unstable gum
compounds. Such compounds are a major safety and operability concern, as they may
cause runaway reactions and even explosions.

10016] As used in embodiments disclosed herein, the term “substantial conversion” in
reference to nitrogen oxides refers to the formation and/or accumulation of N>O; at
levels greater than 10 ppb in some embodiments, greater than 5 ppb in other
embodiments, and greater than 1 ppb in yet other embodiments. Conversely,
“prevention of any substantial conversion” or like terminology refers to the
prevention of the formation and/or accumulation of N»Oj at levels greater than 10 ppb
in some embodiments, greater than 5 ppb in other embodiments, and greater than 1
ppb in yet other embodiments,

16017) 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 NG and NO», to N,Os increases with a decrease in temperature, and

may become substantial at cryogenic temperatures, for example, at temperatures of



oxides, including NO and NO2, to N203 increases with a decrease in temperature, and may become
substantial at cryogenic temperatures, for example, at temperatures of WO
2010/053598PCT/U52009/046736 less than -90 C. Therefore, the traditional method for separating
ethylene frofCafd W&fii§*ontaining stream using cryogenic flash stages abe'diStfietittt Hay pose safety
and operability concerns. [0018]Using a C2-C4 hydrocarbon absorbent to separate ethylene and
higher carbon number products from methane and lights in olefin-containing streams at temperatures

sufficient to pret@shtteredice: lelbescdpneds Hliatnen Bedurdify tsrembbairtenesafsersad herein
provides a viablgaiterpativads thetpditionahenmsenicsenasation @mﬂmlmadﬂ&ey'%&?e C2-C4
u

hydrocarbon absorbent maf/ be used to separate an olefin-containing stream produced, for example,
via a methanol-F%IRRARLIS C88E R ethanol-to-olefins process, or other processes that may produce

an effluepg@gytaining ke Mmetheneyandatier Aightaases sshdhavingienlommnysipgegontent.

[0019] Processes dbsclosed herein may be used to convert oxygenates to olefins. In particular,

processes disclBEBAhEFaHHS Dﬁélﬂgéﬂ% RSHTAROTIB A SUSAU 18 LEBRFARSRd recover
ethylene from asnifitianabtprolefinsrreatiton effluenitNOs example, acteedlstoek aabidinibgone or more

oxygenated compotnds may e sanverted.io.one.or,more, alefine, Nordimiting cxamples o sitable
oxygenate compounas include’alcono s, Including straigh and Branched éna aﬁpsh fi¢&Cohols and
their unsaturatepf@sshtdipaatticslachths Mmethdndloetiamotbsepropaney drdisdpropaaciteatky| ethers

such as dimethylgiher, Aigihy gtber, peiivisin etherand di-isaprony sihatsalkyl ketangs such as

dimethylketone; aldehydes such as formaldehides, dimethylcarbonate and variou$ acids such as

acetic acid. In sEhfedrieiafineRtectse BxyishateTusestotiamapipdigaamseihanotaainzenain

oxygenate compeichdih RO eREHRedineiseihaaxknnalesfendatock sa.consist essentially of
methanol. [0020]In addition to oxyégnated compounds, such as methanol, the feedstock may contain

one or mBFdluent(s) RHiIF RS GOR AR D MRS GV fo e TESH ISR BR e 25 RAT aFY are

typically used t@ieituce, theaapeantation abibe feedstogkdNeadirniting examplesiefigilugats include
helium, argon, nitro%:an, cart%on mono@c}iz, carbon dioxic{}e water, ggsentially non-reactive paraffins,
RS i 4

to senarate an d‘eﬁ%ﬁa K 1 {P&ﬂydnlaﬁ g’lé%lfwﬂ malﬁé.c@é%ﬁ dfag., M mixtures

such as methane, ethane, a
thereof. In somexempledimdntdsadiluentaindyginakideratrleastcanecofriirogempandiwaiteay. iseother

embodiments. g diluelhmasonsishareentialy ONlagen,fddiignally, AL MAY.DESpiNed into the
methanol-to-olefins reaction system, tor example, due to opération” WO
2010/053598P CTnysSanag/ehsizzgeohols, including straight and branched chain aliphatic alcohols

and thetr unsaturated counterparts, such as methanol, ethanol, n-propanol and
isopropanol; alkyl ethers such as dimethyl ether, diethyl ether, methylethyl ether and
di-isopropyl ether; alkyl ketones such as dimethylketone; aldehydes such as
formaldehides, dimethylcarbonate and various acids such as acetic acid. In some
embodiments, the oxygenate feedstock may include methanol as the main oxygenate
compound. In other embodiments, the oxygenated feedstock may consist essentially
of methanol.

[0620] In addition to oxygenated compounds, such as methanol, the feedstock may
contain one or more diluent(s), which are generally non-reactive to the feedstock or
the catalyst and are typically used to reduce the concentration of the feedstock. Non-
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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under partial vacuum conditions or as an impurity in one of the feedstock components. [0021]A variety
of embodiments for the methanol-to-olefins reaction system may be used. In some embodiments, the
methanol-to-olefins reactor system may include a single reaction zone. In other embodiments, the
methanol-to¥deiig/e4etor system may comprise multiple reaction zoned affAngEd #od¥ries. In some
embodiments, the methanol may travel upflow through the one or more reaction zones. In other
embodiments, the methanol may travel downflow through the one or more reaction zones. [0022]One
or a combinatioN¥fEh VAT BRTEHBIOF S RAPhetisEY I HietRafBr ol EindTetiask system,
including, but neblispiechia: fixed bed reactors; dense, bubbling, riser-type, or slurry-type fluidized bed
reactors; &%%% point reactors; and catalytic distillation reactors, for example, as described in U.S.
Patent N&S 2#1d76, 706/ N 62 87 W HEST BrdiharctianshthalafonBakiiracygzetrabsther types
of reactors can asd. bénused: HPEIhhecataly siabacindhgemeihanahtiaglefinmigasiongystem may
be one of a homogeneous catall){st ?r athetero eneous c%t)g(lj}/ast. In s]ome eelgbodiments, the catalyst
may be a zeolitémo% ShBTACURR, B85 tals T BRI FHERR ol AR S BE S ery stalline
aluminosilicate regliteroptaly stukinth @sdtiosediscloseddd 1d. S:rifatcint Nos. 62 BRbi1s41879,095,
3,911,041, and 4 7 ordipary skill in the art would recognize that other types of catalysts
can also be use S %%%%]T 3 ?@?&%ﬁgﬁ%‘%%ﬁﬁ r}rjegﬁcetigﬁep%cglsosrec%aééogo%(c)irtljecst'ed%{v%%}% & wide range
of temperaturesSBhefAiasni. the randetrdmapprosindarelflogoicoushpptoximatalyoi00a@om some
embodiments, thgtemperature of the methanol-to-olefins reaction system may be between
approximately 200 C and approximately 700 C. In other embodiments, the temperature of the
methano|L@@?§%fins re&StoRTsPsMBITE D PEtEBHAPpTORACRIVEEO Cainbrapidximiiely 600 'C.

In yet other embpdiments-tertempgisiueeiiha.meathanehioglefinsdeactioravnigm gy, e between
approximately 350C and approximately 550 C. [0025]Similarly, the process can be conducted over a

wide range of pfe8&tr R ARING o nBLS Prasdie . FURdicsr pariarfHessirdS St tdddstock,
exclusive of any-dittesi shereimempliyelaiihe:preeeshris:indhe rapgedtamapproxnmately 0.1 kPaa

to apprOXImate%gs!\/H’D@%j%saonrg%ﬁgi}?%m%rgg btl‘h((xa'rcgrrl(?us}? %ﬁ%ﬁgg‘% rgr?t&g&%l_recognize that

other types of reactors can also be used.

[0023] The catalyst used in the methanol-to-olefins reactor system may be one of a
homogeneous catalyst or a heterogeneous catalyst. In some embodiments, the catalyst
may be a zeolite or mole sieve catalyst. In one specific embodiment, the catalysi may
be a crystalline aluminosilicate zeolite catalyst, such as those disclosed in U.S. Patent
Nos. 4,062,905, 4,079,095, 3,911,041, and 4,049,573. One of ordinary skill in the art
would recognize that other types of catalysts can also be used.

10024} The methanol-to-olefins reaction process can be conducted over a wide range
of temperatures, such as in the range from approximately 200 °C to approximately
1000 °C. In some embodiments, the temperature of the methanol-to-olefins reaction
system may be between approximately 200 °C and approximately 700 °C. In other
embodiments, the temperature of the methanol-to-olefins reaction system may be
between approximately 300 °C and approximately 600 °C. In yet other embodiments,
the temperature of the methanol-to-olefins reaction system may be between
approximately 350 °C and approximately 550 °C.

[0025] Similarly, the process can be conducted over a wide range of pressures
including autogenous pressure. Typical partial pressures of the feedstock, exclusive
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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WO 2010/053598PCT/US2009/046736 to-olefins reaction system may be between approximately 5
kPaa and approximately 1 MPaa. In other embodiments, the pressure of the methanol-to-olefins
reaction system may be between approximately 20 kPaa and approximately 500 kPaa. [0026]The
olefins proddtediy/’3Irécess for producing olefins from oxygenates, for BREMFAIH046736
methanol-to-olefins process, according to embodiments disclosed herein may include one or more of
C2 to C30 olefins and/or diolefins. In some embodiments, the olefins produced may include one or
more of C2 to CBBIEfiRs r4AcHteTysisib Gerin bp stirs b iobnepredie ddRrayridclpdesineehniore of C2

to Co olefins. lnM%chﬁro@fmxbé}QMB{énﬁj%l9%&&%3@%%@&&9%@%9&%%%&82 to C4

olefins, for example, ethylene and propylene. In still other embodiments, the olefins produced may

consist essentidFoPehFsTE oA MALS AR ‘ransrrArRPRinady 08 Faton of ethylene in the
methanofgez6thylene TeacieraiihentpayPe a%d@@s%tfapsfgas!maéﬁ&{eﬁrmﬂ&ﬁ% halBsOther
{

embodiments, the concentratjon of eth%lene in the methanol-to-eﬂ%)ene reactor effluent may be at

least approximat&iPPE AdNS BareEHf qiviRt BIREFSnisEefitianis, ebedimentrdirsh yrelsitene in the

methanol-to-ethylenincaictonefiuanimny he akleasiapaomaseliR0 MalthResafkifstil other
embodiments, the c%%gentra}gggcgé et%le,ne ng]the methanol-to-rﬁe;aylene reﬁ%tlg)zr effluent may be at

least approximately 30 Mot percant o S8 A eIRand- BB fefhsredliish Mo Protbite
non-olefin prodgsagoihnientinghbutiefitdipriidactd, payaffiisdacetytenesetlicls (any estais. Ror example,
a methanol-to-olefing,reaction; effluent 'ﬁﬁ ude methane, ethane, propane, n-butane, isobutane,
n-butene, isoblﬁgne, butadiené, dim’etﬁg?%{téhergagﬁg%%%r%%emﬁf%%%r%g %ihgl gléenglgn a?ﬁo%;“s of these

by-products ma§i¢Ery. deperamé. hekampid, manneree ds ik dbetitythditygsativ sizésf reactor,

the reaction coqﬂﬁ@@@dm%gpgsmaggngﬁ%@e catalyst used. [0029]In some embodiments,
the concentration of methane in the methanol-to- ethylene reactor effluent may be less than

approxim&&h/ Bo moldpérehempediaeemubairring! tnaoso At crbideon of hethesibamifie

methanol-to-ethytignenteactasetiteaimay be:lessdhanghpiedmalely 2Qimglepercent. Jnyet other
embodiments, the coE. centratiﬁn of methane in the methanol-to-ethylene reactor effluent may be less

than approximaf@ly AOHBY: JBFcSPRCTREHOS Y EMABRmEBNTRS tReERekIrEhsl & Afethine in the
methanol-to-ethyfiémetreantdreefflient mpayokedass thamapprextarately Y8tQther embodiments,

20101053598P%ML§§9€%%8§)%7§16 ethylene in the methanol-to-cthylene reactor effluent may be at
least approximately 20 mole percent. In still other embodiments, the concentration of
ethylene in the methanol-to-ethylene reactor effluent may be at least approximately 30
mole percent.

10028} A methanol-to-olefins reaction may also produce non-olefin products,
including but not limited to, paraffins, acetylenes, ethers, and esters. For example, a
methanol-to-olefins reaction effluent may inciude methane, ethane, propane, n-butane,
isobutane, n-butene, isobutene, butadiene, dimethyl ether and water. The presence
and concentrations of these by-products may vary depending, for example, on the
feedstock qualify, the type and size of reactor, the reaction conditions, and the type
and condition of the catalyst used.

[0629] 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 vet 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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5 mole percent. In other embodiments, the concentration of methane in the methanolto-ethylene
reactor effluent may be less than approximately 2 mole percent. 100301 Other side reactions may
also occur in the methanol-to-olefins reaction system. For example, the diluent nitrogen and/or
nitrogen pre¥éntiiitiés8htrained air can react with the oxygen present inF&iEAEY/ &4¢ GF the
oxygenates inside the methanol-to-olefins reaction system to form nitrogen oxides, including NO and
NO2. As discussed above, if exposed to cryogenic conditions, these oxides may further react to form

N203, a highly uhBE& 881 Boribethst Feindbpents dbscsnarritatospdrasihapsianbpointhoe of

ordinary skill in tae-afweUchsRsQaniEa hal Y RIS maXides SanAlse SormlinaLagr processes for
producin%ﬂcﬁﬁrs from other oxygenates, such as ethers and other alcohols. [00311In order to recover
i

ethylene cient pHif§t tHeSsHTEABR e rssoititfermethapalmersigbronesettiviore

separation stagegstbar exarepigpiemay dridesiiedLn RBERISAN terseRasAteatyiang: flam;yarious
reactants and products, inclrl[ffi but not limited to, ethers and alcohols, carbon dioxide, water,

methane, and offier FESEZAY, FEa QB8P ProtHicH, Sha iR tstifobs2im Soreraibatidiicat least a
portion of the mettthratitoralkfins reatior effuentctaynbeaifedds ardxmetionsysEmMHforNEMOVINg any
methanol and/or,ethers contained therein using an agueous salvent, such as. water or glycol. An
agueous fraction ;a\%r%gger? i%%?gg%é%eégﬁsc%dn%%at?gvnog e Ognlglogﬁfd%?ﬁeer%x %Sy%‘@yré% d&red from
the extraction systemtoAfprdrdesibon pighbe @minﬁr@hgmﬂmmé drunetiylenesang lean im methanol
and ethers, may,Re-Jeedy siathitam lomeeadipeliveptindie diaction sysien dheiydrecarbon

phase may then be sent'Mr further component separation(s). In some embddiments,
methanol-to-olefhid¢e sRioH erlOER R BT Tsre JopaTprivits alsfite fiser stsacitiesteyes,
[0033.]Carbon digntide thak-may baRraserntiyn the methanol-to-olefins reactor effluent may also require
removal.fgr%iiample, an olefin product specification ma}y require removal of carbon dioxide from the
methanol $8théfins redRtSF &I MEIeTRhEHBRRE st eSBHiFe aPHEH ditikidecbimalriglefiesam to

below-sublimatinndenpelaitresmadcesu s sopipmesiAamageand frozempiping: Methads
commonly know&&p@% used in the industg such %s causfjc solutipn treatment or amine absorption,

may be used toTemove COF TS HE miatHARoIHBYTERnE Yol I WRIIEM S SRtk BiBsSments, the
reactor effluent maydiezdoritaatéchitéthte, etestiersbhitidnly sepanatxWE water, methane, and

2010’053598P%?i{é%‘?‘ga%?a?{{%f‘%&?ofﬁ%k%%ﬁ&&y%%gi8{1‘u8£ ttshe carbon dioxide present in the reactor

effluent. If necessary, the reactor effluent may be compressed prior to the carbon dioxide removal
stage. [0894RThe prebenecmofomitatimmethdeeitto-glefis refdtiomeffluenitcatcdad tmadmumber of

problems. For examipienoalingandlar complas s iederntian gflivenlaydesliin Jamation of
efe ehy

water condensate that can damage equipment and freeze pipes. Therefore, ration of the reactor
effluent to remoRASHEH HSHFAROMENET 4 MGNASEE SPiserniirdsas oAb AN Lee-in Aedmeiestry may be

required or mayraeeptienaly RerfRrmsdinasehaRIPEeFSachRMES andempertyes.erployed. In
some embodimgnts, a molecular sieve d%ar may be used for separating at least a portion of the

water, drying th VR PEHIGRNR H5the RSB BRI Ereamienas a8 etbaiesich 4y il may be
used for drying 4hé feactormeéflusnt. dndyehothenemboeiteesisd dpertion;efdhe wateninitheseactor

effluent may be g%glte sed and the remaining effluent ma gg dried. Otl er#%] dration techniques
commonly known an(f%lsﬁi\ydg %%heqﬁed%‘é r;?cr%af/)%lé%a eenﬁgi F rijgcseeéléa?fl, g@e‘f%?%%ﬁfent may be
compressed prigsivtsatia(gatén removatistdigecnts, the methanol-to-olefins reactor effluent may be

compressed prior to any further separation(s).

[0033] Carbon dioxide that may be present in the methanol-te-olefins reactor effluent
may also require removal. For example, an olefin product specification may require
removal of carbon dioxide from the methanoi-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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[0035]A particularly challenging separation is that of ethylene from methane and lights, including
nitrogen oxides, within the methanol-to-olefins reactor effluent due to low component boiling points. As
discussed above, currently available separation methods, such as cryogenic flash stages and
distillation, #4y3E@@3&¥8rmation of undesirable 1\1203 and may require B-RiGRZ8EHIE ST dehydration
and CO2 removal in order to meet olefin product specification and/or to avoid pipe freeze and
equipment damage. [0036]It has been found that a hydrocarbon absorbent, such as a C2-C4
hydrocarbon ab8olffeht: eafitie GHbetrmehy skl aFespssorbbstrRagepafiteind fragesrsrathylene and

higher olefinic hiydreearbosrsiiman ME@KE@G&%%@%%@EM%C&M%%%@Q{%&@S- For

example, %n MTO reaction effluent including ethylene and methane can be contacted with a

hydrocarb®¥Pdbsorbent 1 Bresshse cHonARE B aydnero finsr apnpigneiBranp aolsast the ethylene is

absorbed by thenliy@eacabriviebsorbentxRRRE] lnosameambogdimsrisithebydresarngn apsorbent
may be a C2 to C4 hydrgcarhon, for example, including at least one of ethane, propane, propylene,
n-butane, isobufg??]e%ﬁﬁjfg 8?&%“&%8@&5‘&%?&?@% S BB ERE St EHRIF BAARGn K5 %o rhent may
consist essentighpaf pFopafiee, \Qy26HMO 63 BEBRETH IS0/ 046436 {0038} nssemeeothodiments,
the extraction distillation system may. include one or.mgre extractive distillation and/or distjllation
stages. For exaﬁﬁ?%?h%ﬁ%gt 5?1u(:?ls-t8%lfgﬂﬁ§¥eg% %ruéf ueeﬁ})ér%%v bnéagosﬁ?argféudr%%ﬂrtﬁ%aﬁ focarbon
absorbent in onersionsdsensxieavtdddisdibatioens iohdistillatibresiagesasrangey dd. derieswithin a

single colun o &5 of MYRIS NS 03T TIE AN 21 BAlE, XA dgtlafon andor

distillation stages may comprise trays and/or packing for providing a sufficient surface for the

contacting. In sGMe @fbolHENtae dsectar tiinento-Bletherrembrstietieri ehrmindrdetiebon absorbent
may be contactegcgouMgEaUHSNEY dactheeatiaction disiliationsystem 1 sikeramhadigants, the

methanol-to-olefins reactor effluent and hydrocarbon absorbent may be contacted co-currently in the
extraction di stillgt%ﬁ%% e water 1 the reactor effluent may be cofidensed and the remaining

effluent may be dried. Other dehydration techniques commonly known and used in
the industry may also be used. If necessary, the reactor effluent may be compressed
prior to the water removal stage.

[0035] A particularly challenging separation is that of ethvlene from methane and
lights, including nitrogen oxides, within the methanol-to-olefins reacior effluent due
to low component boiling points. As discussed above, currently available separation
methods, such as cryogenic flash stages and distillation, may lead to formation of
undesirable N>O3 and may require a high degree of dehydration and CO» removal in
order to meet olefin product specification and/or to avoid pipe freeze and equipment
damage.

[0036] It has been found that a hydrocarbon absorbent, such as a C;-C, hydrocarbon
absorbent, can be effectively used as an absorbent to separate and recover ethylene
and higher olefinic hydrocarbons from an MTO reaction effluent at non-cryogenic
temperatures. For example, an MTO reaction effluent including ethylene and
methane can be contacted with a hydrocarbon absorbent in an extraction distiliation
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 C4
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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100401In some embodiments, the extraction distillation system may be operated at an overheads
temperature of approximately -90 C or greater. In other embodiments, the extraction distillation system
may be operated at an overheads temperature of approximately -50 C or greater. In yet other
embodimen¥OtHE W& ion distillation system may be operated at an oVErh@ad¥t@hepErature of
approximately -40 C or greater. In yet other embodiments, the extraction distillation system may be
operated at an overheads temperature of approximately -20 C or greater. In still other embodiments,
the extradtiB3&distillatidn sysiermbedihenbpératedrattam clistiHetos spsrperatyréciudpproximately -10 C
or greater. In otherembadipents, g sxiactipr disiiation.system may.haonsiaiedalanpverheads

temperature of ai)proximately 0 C or greater. 10041]In general, the overheads pressure inside the

extraction distill StfSHSyeRERT PaEE mambainerasied |57l theylirdrptaroor aismbstbinand &5 required

for absorption ofgteeRs-ie die o saIkRIRREBRRI B SAMRRMROdIReNELhE ayerbeads
pressure inside the extraction distillation system may be in the range from approximately 0.01 MPag to

10 MPag. In otHEl BRTYdMEisc L BYkile SALBYSSsure inside the extraction distillation system may

be in the yoegm from appeimaiehsR. LiRagdaidiMieg . dnuyatatherembedinents che.euerheads
pressure inside the extraction istilliation séa}tr[(}am may.be in the range from a roxima[uely 0.5 MPag to

! e
3 MPag. In still StH&Er BHBbEATERE ThEGVEREE ﬁ&?ﬁréuﬁ%‘fae%ﬁ EXAPHE  Rist 81T system
may be in the rangedioranap piteximabehoDib-dkTayg teddviPaifludMOn20 13/05 30 98F GHIMSR009/046736
[0042]In some embodiments,.at least approximately, .70 percent of ethylene molecules may be
absorbed and rg]cag\?gseﬁgﬁga%et%é: Bx ngﬁﬁu%e tllsxtiﬂgt%ﬁ é%(%sr é:?[ﬁogsdés%lc})/%ﬁ)or%ss %%I%llbnelgllc?%%{/vith the
hydrocarbon absoHydinerisoter aetbatihiertisias|eesttonsfoximatmly 30dretatunotiztnpene

molecules may glg)p@esg(ggﬁg,g@@gotgggggﬂ«;qnfgggk%&?gﬁqﬁggﬂaq&igggglg_system as a bottoms fraction

along with the hydrocarbon absorbent. In"yet other embodiments, at least approximately 90 percent of
ethylene HB#Bules may veratssthbdicnants thesverstidhchstiHatioaraston distiiatorapdienans a

bottoms fractiO%M&iﬁaﬁbaw%%@%ﬁ%?&ﬁﬁ%[?em°k'f' Stilhether emhodimentaatieaste
0

approximately 95 percent of eth‘}él‘gne molecules may be absorbed and recovered from the extraction
distillation systeTiRSUPBofisHEH i Sb iBWitReHPHD cEir B rsBraLhiemRstBI e Rbodiments,

at least approxigppieliQ2:fercentobetiniene melecules smaybienshsothedandecaxamddrom the
extraction distillatign system as a bottoms fraction along with the hydrocarbon absorbenpt. [0043] The
RSP oR i reP Saple e S hertl.

bottoms fraction )Fﬁgy befurtief eerf}l)ézrafaetaa to TEEOVEe Y HEUS SOrARPLYRHBHHen e’bottoms

fraction may be meparatedvis mr amb@ﬂﬂm&frﬁctﬁxﬁmﬁi@mdﬁyﬂim@w@m@am@nﬁmoh@ﬂ@at least
one of C2-C4 hydraeagbon.sair ban,ihylens, Jnaar emporimenta. e bagioms fiagtion may be

separated to form light hydrocarbon fraction containing ethylene an ane, an ydrocarbon

fraction containfigPatiBwstoribeCa Tt b ElBBAN [OCIU nigomke erbistitnahts: wiedsadentration of
the carried OVGFtQM?E%@@QP@B%&EQﬁﬁEl@Cﬂ)/QEQQ indherovarhgadsirinemong with,methane from

the extraction distillation system is less than approximately 30 mole percent. In other embodiments,
the concentratighSBHAEYSEM VY By dHEaISOR BRI SHVBFENTF HerbDEEE ¥riction along

with methane frepotheeaidraction distillation system is less than approximately 15 mole percent. In yet
other em(ﬁ%j' 1ents, the concentration ft?ﬁ carried over hydrocarbon absorbent recovered in the
overhendl iiion alolESHEREInGHR ANE B THE- St SR RN S NS
approximately If maletfiesdenta lia-sfiltatinerdefnbiodidiahilasithesad neentidtaniof ibsogataedover
hydrocarbon abgigr ent recovere i@rthe over eacﬁisé ]gactign along with methan%from t e %xtraction

S ene 1o acarho SOT o odiments, fhe ovethea )
distillation system1s fess than app‘?oxmate?y molée percen%. 0 mbodiments JiSEI0sed herein

maintain pressurssn ténsplratire dngigeahedistillation 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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extraction distillation system sufficient to prevent any significant folmation of N203 from nitrogen
oxides, including NO and NO2, present in the methanol-to-olefins WO
2010/053598PCTRUS2009/046736 reactor effluent. As discussed above, it has been found that the
rate of N203MBANRASHecomes significant at temperatures below approXFA&ERIIBEC3Thus, by
avoiding cryogenic process temperatures of approximately -90 C and below, for example, by using a
hydrocarbon absorption process according to embodiments disclosed herein, the formation of N203
may be ptéGédted or Significantigrrbolliosuis[004 6 Refemmnoxiowey Fi§uneikeat prdcesdsyfareconverting

methanol o ol AGEEIRgP TAAIANSlsEaBBA a5 isiaies Far simpliiy purposes,

auxiliary equipment has been omitted from the figure. One o ary skill'in art would recognize

that other equipRtERRENEgEAcaltacKidingobydoesibedheobempscotmresdudintisst éxchangers,
drums, vessels, tgaciRso-fRmdinas yalues AheRALLIoRT CARAIROBS MR Aq &xRmRle, other

features not illustrated in Figure 1, including but not limited to, external heat exchange loops on the

extractive distill&if0h BfumiasiPBubsilaiores1REmay e DRtemmndrasing pprarvith PRecess &
InstrumentationtyiageamoPloHar embedinrats disdnsesareinsesppseanmad o (QMddMethanol

may be supplied fo a methanol-to-olefins reactor system 10 via flow line 102. Air and/Qr nitrogen ma
be )éntrairlljed \I/vit?lftﬁ%%’}ﬁ%%%%lgf'fzeésa‘%gry}c?d%&?ﬁér%%ﬁlﬁ%\fﬁﬁﬁﬁ#ﬁle \é\%fl %g’gfﬁﬁﬁiﬂﬂrfbsﬂﬂf‘é‘lﬁ@ngto the /

process. Nitrogepstaayaalsotog mse drastad ittend svatid thral ki suiplie ddathenm éthaiidleibeplefins
reactor system 40,yigfloyling, 104 Mafhanel 408 v e contasted with a eatalyet at condiions of
met V. ystem 901 duce

temperature and pressure inside the anol-to-olefiris reactor s 0 pro é’thﬁene. A
methanol-to-olefipisTesdctod ettaeerethipibdire savetddrirdintitlat onestisamn | a aohefing:sefattosystem 10

via flow line 106,145 QiseUsEef @ReNSHERSAHNY. Oth hE SRERIGRIRRRSS: RANTEMER SRS

methanol-to-olefins reactor effluent 106 may undergo various separations to remove one or more of

ethers and alcoAdIESeaRbshthkiae moleciatdpaohs fRevdsd Brermerirrabd wplsatssparation

processes not shigimdioigsteenlss 4 bosenaf Packinary skdlhinthReariavilk appresiatenthat nitrogen or air
may be ir&g%g%ced to the reaction system via gne or more of vacuum leaks, feed impurities, and

diluent fe y way OF&:HERS BatLREPISIMIGURY FrRrBldde doss WeRioisus Thesome
methanol-to-olefinsadiactes effiipmtimi ducling 206 traythem-beconackeaiitha hydiesaraon

absorbent fed via.flow line 122 in the extra tionagi tillation s 12. In some embodiments, recycle
hydrocarbon ab%oh eﬂfdrﬁ%%}e%ﬁglr%%yf Se'8dded vﬁ%sf?o(\)/\rll |n(}e/is§g.b%§sl¥ﬁ[}eoﬁayrg(rjgcg%5ﬁra rbent

traverses the ethylene. In other embodiments, the bottoms fraction may be separated to form light
hydrocarbon fraction containing ethylene and ethane, and a hydrocarbon fraction
containing at least one C3-Cy4 hydrocarbon.

[0044] In some 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 30 mole percent. In other embodiments,
the concentration of the carrted over hydrocarbon absorbent recovered in the
overheads fraction along with methane from the extraction distillation system is less
than approximately 15 mole percent. In yet 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 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.

[0645] Embodiments disclosed herein maintain pressure and temperature inside the
extraction distillation system sufficient to prevent any significant formation of N,Os

from nitrogen oxides, including NO and NO,, present in the methanol-to-olefins
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WO 2010/053598PCT/US2009/046736 column, ethylene is absorbed by the hydrocarbon absorbent.
The hydrocarbon absorbent and the absorbed ethylene may be recovered from the extraction
distillation system 12 as a bottoms fraction via flow line 108. The methane may be recovered from the
extraction dfIRBH3§%tem 12 as an overheads fraction via flow line 118CT604%)'Prebthe
embodiments, at least a portion of the overheads fraction 110 may be returned to the extraction
distillation system 12 as reflux via flow line 112. In other embodiments, a reflux ratio of the reflux 112

to the overhead§aFiREGHTIEH: ma)s beitrestFfo EbEoltHE e diffFb LRI ofth et datfo &dsektion 110.

[0050]The bottomsfiasitier:-dL8smyilpedur thesieatad dnptishoxnibx gwe 19dociomuanel separate
an ethylene fraction containing ethylene and a hydrocagbon fraction containj t%j{hgdrorcﬁarbon
absorbent. At 1SRRI @ RSB oA HEHPARL Ol ARR BRI 1ot AR o istilation
system 12 as adwdipieartvonighgosbend roakeon pab24p{RO5 picasme @mnlbaditb et wdiekathe

hydrocarbon ab(%gg enctl hc, topan and the ot;/}%rgeads fégction 10§ from tk}e a%éonegistillation

extr
system 12 comprlsé)ssepro%ginné, At 1885 %Of)lé}r A of the ovgfﬁ‘éeéﬂs fraction 1f8§&%ay & used as fuel.

For exan{fltdjoth theRnfethiageramd thefiropaie in theoveftre adsvireotipmi0Bmhychelsént to a fuel
header. In other, ime | i f in th | ' 08 b
slpbpdimen ﬁéﬁ%ﬁ&%&%&% Qf12% RLORRNE A I eE%‘{es'E'ﬁ:E%?%%eﬁgﬁ&dé may be

compressed an% recovered. vantages of processes according to e Isclosed

herein may incladeliigipresiepspée rigdsan saftpdaiems tdsifitguat e Gonahisiizann skof MO8 #8rmation

from nitrogen oxjdeg: Al SHRcUSERH BRRYEJIASRAMAMNELRLrageRAXides includingel@and NO2,
present in the MTO reaction effluent can react to form N203, a highly oxidative compound which can in

turn react with AP HRSARERSSRSE B6mh Foties SR as piFstaledeassPes ditviltns: VPR Teittion effluent
to form unstableanebhighly, @aciive BLIREd SWeh GLimslL \BReAFERYSgERNIE TBnpatalias and at ppb

concentrations, can accumuylate and.cause dangerous runaway, reactions and even explasions. As the
rate of N203 for}ndﬁgﬁ Péslii85|Whi%ﬁ%%st%it??‘ﬁé%?iiﬁﬁgfi’é?y«%‘&’r%tlcj)? %and t%setﬁtéggwggenic
processes at tedig@iatoresolome athbotlapfranimatbhy rdy Gecuréntiy vseld tppsaparativncassd recovery
of ethylene from,the MTO reactiop efflue maj n, | trast, Applicants have
r;k%ﬁlnglg%e%'{ahonbg?a TANL a;ﬁﬁ%%or Q‘llr%o 1&?&%‘{% %ﬁ:%? &d ﬁe(f%rljx, Qr% ﬁr&%rp%g%v o

found that using hy rbon absorption'to separate and recover ethylene from a
2010/053998PICT/US2008/0457388 beactiphedffiuemeihtentpercitinesrofic®d Gstmhilfherif sufficient to

prevent formati%’lé)tlbgogkir and/or nitrogen may be entrained with the methanol feed or added
through vacuum leaks, thus supplying nitrogen to the process. Nitrogen may also be
used as a diluents and may be supplied to the methanol-to-olefins reactor system 16
via flow line 1604. Methanol 102 may be contacted with a catalyst at conditions of
temperature and pressure inside the methanol-to-olefins reactor system 1€ to produce
ethylene. A methanol-to-olefins reactor effluent may be recovered from the
methanoi-to-olefing reactor system 1§ via flow line 106. As discussed above,
depending on the specific process requirements, the methanol-to-olefins reactor
effluent 106 may undergo various separations to remove one or more of ethers and
alcohois, carbon dioxide, and water from the reactor effluent 106 {optional separation
processes not shown in Figure 1). Those of ordinary skill in the art will appreciate that
nitrogen or air may be introduced to the reaction system via one or more of vacuum
jeaks, 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 722 in the extraction
distillation system I2. In some embodiments, recycle hydrocarbon absorbent make-

up may be added via flow line 124. As the hydrocarbon absorbent traverses the

12



[0053]Another advantage of processes according to embodiments disclosed herein may include
reduced capital equipment cost. For example, the traditional cryogenic process, commonly referred to
as the "chill train," requires specialized metallurgies and complicated refrigeration systems, including
vessels, comPe8ibi§318at exchangers, circulation piping, and refrigerarRCoER08/eBMAtrast, as the
present process is not conducted at cryogenic temperatures, less expensive metallurgy can be used
and a number of equipment items associated with the chill train may be eliminated. [0054]Processes
according to emgdtinterididgsiosedbsereid ropytiatsbystventageebsisbeeducEepasding.tosts. For

example, the engigysasimelibeseiina alioncomprsasion assaciaieduilh s adiional gvogenic
separation system may be considerably higher tharf those associated with a non-cryogenic extractive
distillation proceSSBoE5 S thl keitoime s tsmandeantingel 86 retbyenthasthylendarmdtorheavier

olefins from an MR wHuentassarsinadecmbodiments discloses hereinnavms hat . portion of

the C2-C4 h%iocarbon absorbent, such as propane, entrained with the methane distillate, does not
require ad®ffiSial comprecuiBsaPRiiBEsTe R, 168 sl whlnevstivadi Setiico 116 mrcess plant

fuel header or ofbemdaadiy beruaash assalfuebnRos@xAMPIe imathas ehviene predygtign.processes,
such as in catalgti%cracking, the value of any residual C2-C4 hydrocarbons may be too high to be sent

to fuel: requiring BB cSAPTEE SR e e, Heiiide toviabends: fetomddd proubets. in
contrast, the C2:€4 hycroicar fens:havei fienfofthe busgdadhedida reaction process, and thus may
economi sent tg. fuel. [0056]Recovery, of ethylene and/or heavier olefins from an MTO effluent
accordingﬁtté%e bodimtglﬁ s%r%tgofl glsoa?telaﬁc?ﬁ it Fatﬂ‘gk&%éfﬁéﬂﬁ% LN ) et d) d8paration
requirements fofosthenhespalatiarcaponehtstpresentainiagedtiianohidal efidsreasipretiieant. For
example, limiting the Ripcsss, deigndo.0 ing temperatures. of -9 nd higher, and in some
embodiments to templ)%%turesgof %8 C&,)nan§_ ﬁ%%%‘r,‘?{n?al??/aé iﬁ#ﬁgfé}l}ﬁg tr%‘e or eﬁpoéln%srﬁféi%%ylene
and/or methanePefrferaisiebépdesimorion uhediniethyiene dlars cryodenivsepabatibaischemes. In

contrast, using W 20107953598PCT/US2009/046736 propane and/or propylene refrigeration to
provide chilling for a methane-to-olefins process according to embodiments disclosed herein may

substantitiBPduce capitaravaebriimeatstshsrr e grolie velhepiltysorbos s \Wivierth edisblosure
includes a limiteg:stisabe et @mbodimentsdhesasidiedstliation system 12 comprises propane,

at least a portion of the overheads fraction /08 may be used as fuel. For exampie,
both the methane and the propane in the overheads fraction 708 may be sent to a fuel
header. In other embodiments, at least a portion of the propane in the overheads
fraction 108 may be compressed and recovered.

[6652] Advantages of processes according to embodiments disclosed herein may
include improved operational safety and stability due to minimization of N,Ox
formation from nitrogen oxides. As discussed above, trace amounts of nitrogen
oxides, including NO and NO,, present in the MTO reaction effluent can react to form
N20s, a highly oxidative compound which can in turn react with heavy unsaturated
compounds, such as butadiene, present in the MTO reaction effluent to form unstable
and highly reactive gums. Such gums, even at cryogenic temperatures and at ppb
concentrations, can accumulate and cause dangerous runaway reactions and even
explosions.  As the rate of N,O; 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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in the art, having benefit of this disclosure, will appreciate that other embodiments may be devised
which do not depart from the scope of the present disclosure. Accordingly, the scope should be limited
only by the attached claims. WO 2010/053598PCT/US2009/046736 CLAIMS What is claimed: I. A
process for W€ eUiAEESM8N of methanol to olefins, the process comprisingt €BRtRegHeIEthanol and at
least one of air and nitrogen in a methanol-to-olefins reactor system; recovering an effluent from the
methanol-to-olefins reactor system comprising methanol, dimethyl ether, methane, ethylene, and
nitrogen oxides ipettisihg enandinpgrasepaciifig theoetigbet isisubident tmorevextriicthviaistillation
and/or distillatiopsstgges to recover a first fraction comprising ethylene and a second fracti_on
comprising methane; wherein the separating comprises operating the one or more extractive

distillation iRdior distilléaeratageantaeaipeientitss aspihassiresbadiiens diplesehbarinsubstantial
conversion of nifiagen-Ridesie 203 ARranessiRk the.caysisionf mathane! &9 alsfies, the

process comprising: feeding at least a portion of a methanol-to-olefins reactor effluent comprising

methane and etRAYIEFS (EPRIORPPataicE <At g cohithiFals U RraritaT sRagidintatriy eiseactor
effluent with at least onelicated hydragasten intheextragtivaidistilation colempriasprodueg: an
overheads fraction comé)risinglﬁx thane and a bottoms fraction comprising the at least one C2-C4

hydrocarbon ang Sy, RS RRoRIBLRE, (Y% 5 BHRBTeTRHe 4P IS8 BiTe E2lRsams ¥ carbon
comprises at leastane sfrethandpprdpaneyqrapylengenbutankesisolpatane, isabiutenecanskn-butene.

used and a number of equipment items associated with the chill train may be
elimmated.

[0054] Processes according to embodiments disclosed herein may also
advantageously reduce operating costs. For example, the energy costs of the
refrigeration compression associated with the traditional cryogenic separation system
may be considerably higher than those associated with a non-crvogenic extractive
distillation process.

[0055] Still another possible advantage of recovering ethylene and/or heavier olefins
from an MTO effluent according to embodiments disclosed herein may be that any
portion of the Cy-Cs hydrocarbon absorbent, such as propane, entrained with the
methane distillate, does not require additional compression and recovery, and instead
may be sent directly to the process plant fuel header or otherwise may be used as a
fuel. For example, in other ethylene production processes, such as in catalytic
cracking, the value of any residual C,-C4 hydrocarbons may be too high to be sent to
fuel; requiring additional compression and recovery facilities to recover the valued
products. In contrast, the C;-C4 hydrocarbons have no further use in the MTO
reaction process, and thus may economically be sent to fuel.

10056] 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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4. The process of claim 2, wherein the at least one C2-C4 hydrocarbon consists essentially of
propane. 5. The process of claim 2, further comprising operating the extractive distillation column at an
overheads temperature of -90C or greater. 6. The process of claim 2, further comprising operating the
extractive di8tHANBIESRFNN at an overheads temperature of -40C or gre8feyUB290H&47étess of claim
2, further comprising operating the extractive distillation column at an overheads pressure in the range
from about 1 to about 4 MPag. 8. The process of claim 2, further comprising separating the bottoms
fraction to form preRahs/|emdic autipylensdrafhgeasicar ho wieastio nhddmp fising atfeast ord«asC4

hydrocarbon hegerahan aitilenec ol rAcessikaaim & (Hhersompigngsepaaan the

bottoms fraction to form a light'hydrocarbon fraction comprising ethylene and ethane, and a
hydrocarbon fratV§HEsR SAEHY A insyefdiebaliea hydrocarbon. 10. The process of claim 8, further

comprisinggggycling alygastaRALOR.Af heidrogahon fiaskign fe.he extractive Aistiliglgn column.

11. The process of claim 2, further comprising contacting the reactor effluent with an agueous solvent

comprising at leé&stsratofmate: rathyedhis disHove anyihametite teahatker smhndaapierein to
form an aqueousidracliondhavingvanineeasediepacemiiation almethanakapd eiiesaacs.

hydrocarbon phase comprising methane and ethylene; and feeding the hydrocarbon phase to the
extractive distill ?Sﬂrgg}ﬁqrﬁﬁlﬂﬁsfﬁgea%‘é‘é@tbg ﬁﬁ]‘%%%%lbf & F@%\&%g%"’fﬁﬁ@ﬁ??ﬁz. The process of claim 2,

further comprising:
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at least one of: contacting the reactor effluent with a caustic solution to separate at least a portion of
carbon dioxide; contacting the reactor effluent with a molecular sieve dryer to separate at least a
portion of water; recovering a reactor effluent having a reduced concentration of at least one of carbon
dioxide and Wat*4\éf8eding the reactor effluent having a reduced conE&RtFaH8 8t EPfeast 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 he overheads fraction to the extractive distillation column as a reflux. 14. The
process of claim 2, wherein the at least one C2-€14‘%Wt%carbon comprises propane, and wherein the
overheady/kackan:inigher comprises propane, the process further comprising using at least a portion
of the overheads fraction asa ue 15. Adf)%?ce for, the c nver5|on of methanol.to olefins, the

process comprising CSontaenng FETREAYT S L tashioon aTP%R’&?%‘?fFoC P R%hethanol-to-olefins
reactor system; recomsﬂﬂglgmmfﬁmmitdmdmtﬂwsnmthaﬂa[ﬁ@fdleﬁnGM(wmymmnimmmﬁmmg
methane, ethylene, ang QJ O(Qge OXIdeS including NO and NO2,
recovering an effluent from the methanol-to-olefins reactor system comprising
methanol, dimethyl ether, methane, ethylene, and nitrogen oxides including
NO and NO»,
separating the effluent via one or more extractive distilation and/or distillation
stages to recover a first fraction comprising ethylene and a second fraction
comprising methane;
wherein the separating comprises operating the one or more extractive distillation
and/or distillation stages at temperatures and pressures sufficient to prevent

any substantial conversion of nitrogen oxides to N2Os.

!\)

A process for the conversion of methanol to olefins, the process comprising:
feeding at least a portion of a methanol-to-olefins reactor effiuent comprising
methane and ethylene to an extractive distillation column;
counfercurrently contacting the reactor effluent with at least one Cy-C,
hydrocarbon in the extractive distillation column to produce an overheads
fraction comprising methane and a bottoms fraction comprising the at least
one C»-Cy4 hydrocarbon and ethylene.
3. The process of claim 2, wherein the at least one C;-Cy hycirocarbou comprises at least
one of ethane, propane, propylene, n-butane, isobutane, isobutene, and n-butene.
4. The process of claim 2, wherein the at least one C,-C4 hydrocarbon consists

essentially of propane.

|3

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

at an overheads temperature of -90°C or greater.

6. The process of claim 2, further comprising operating the extractive distillation column
at an overheads temperature of -40°C or greater.

7. 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.



feeding at least a portion of the methanol-to-olefins reactor system effluent to an extractive distillation
column; countercurrently contacting the methanol-to-olefins reactor system effluent with at least one
C2-C4 hydrocarbon in the extractive distillation column to produce an overhead fraction comprising
methane an® @ Wdttt#YFraction comprising the at least one C2-C4 hydrcoaFIsRMUME4ETAYIene;
operating the extractive distillation column at conditions sufficient to i. absorb ethylene in the at least
one C2-C4 hydrocarbon; and ii. prevent any substantial conversion of the nitrogen oxides to N203. 16.
The processfof ERfipras sivhkrimtRe farthea soome 0z Cxpaptinr trb betioom firisésratol éast ene of

ethane, propaneienyIgnR.BP UiaRe, ISRRMRRR IS CRUIERE. @egﬁagﬁg%% s g precess of claim

15, wherein the at least one C2-C4 hydrocarbon consists essentially of propane. 18. The process of
claim 15, furthePYSRF3FRIAPSEEIIH e/ ER8active distillation column at an overheads temperature of

-90C or greagerTh8 plheRrecersbelaimhdS. duihemsarpmising areratingdaxtpeivsistilation
column at an overheads temperature of -40C or greater. 20. The process of claim 15, further
comprising opersi g S SRR LS SRSRPESIBEN T tRY SR vefh SHHEHreddure IV IHRERERGe from
about 1 to aboufrdciMiRagnitisilieaprasesseof slaimyliodatiber comprising separating the bottoms
fraction to fo ethylene fractian apd drocarbon fraction comprising the at least gne C2-C4
e BoreP RS Ry AL 25, ThE ot Pl

hydrocarbon heaviefthan ethyleRe. B LR B TS e e e b RS S efalfing the

an et%ylene.
bottoms fractiorhyddfamarbanlifatthydio Sarbomafraetidistdtmpnisiigrethylene and ethane, and a

hydrocarbon,fagfion, cormprising.Ableast.ong, &k ydrocarbon.
contacting the reactor effluent with an agueous solvent comprising at least one of
water and glycol to remove any methanol or ethers contained therein to form
an aqueous fraction having an increased conceniration of methanol and ethers
and a hydrocarbon phase comprising methane and ethylene; and
feeding the hydrocarbon phase to the extractive distillation column as the at leasta
portion of the reactor effluent.
12, The process of claim 2, further comprising:
at least one of:
contacting the reactor effiuent with a caustic solution to separate at least a
portion of carbon dioxide;
coniacting the reactor effluent with a molecular sieve dryer to separate at least
a portion of water;
recovering a reaclor 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 onme Cp-Cs 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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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 contacting the
methanol-to-olefins reactor system effluent with an aqueous solvent comprising at least one of water
and glycol t&'f@a4&Vesa3Fh¢ methanol or ethers contained therein to form arPE§UEe4s/ HeEHoON having an
increased concentration of methanol and ethers and a hydrocarbon phase comprising methane and
ethylene: and feeding the hydrocarbon phase to the extractive distillation column as the at least a
portion of the meth&fREsRHcTAG#RRIctBE &y dterh &fflwémir 28d Theqgerocess wEtain-kb ofefitver
comprising: at least ongQk,ceptasting the reactor effluent with a caustic solution to separate at least a

portion of carbon dioxide; contacting the reactor effluent with a molecular sieve dryer to separate at
least a portion of wEREYY TEE&VEH G ¥t IR diffuBintivaghiy & einscracon sesieratiompriaiteast one of

carbon dioxide and wajesihanel teeding, thel raasienitiuentnaving ateduesghgoncentration of at least
one of carbon dioxige 6[avmd water as the at least a partion of the methanol-to-olefins reactor effluent to
it

the extractive distilSFOREUFRT 3@ THE fotEsSBraaimord s fntneronipHemgTuent to an

extractive distillation column;
countercurrently contacting the methanol-to-olefins reactor system effluent with at
least one C;-C, hydrocarbon in the extractive distillation column to produce an
overhead fraction comprising methane and a bottoms fraction comprising the
at least one C;-C4 hydrocarbon and ethylene;
operating the extractive distitlation column at conditions sufficient to
i. absorb ethylene in the at least one Cy-Cy hydrocarbon; and
ii. prevent any substantial conversion of the nitrogen oxides to N,Os.

16. The process of claim 15, wherein the at least one C,-Cy; hydrocarbon comprises at
least one of ethane, propane, propylene, n-butane, isobutane, isobutene, and n-butene.

17. The process of claim 15, wherein the at least one Cy-C4 hydrocarbon consists
essentially of propane.

18. The process of claim 15, further comprising operating the extractive distillation
column at an overheads temperature of -90°C or greater.

19. The process of claim 15, further comprising operating the extractive distillation
column &t an overheads temperature of -40°C or greater.

20. The process of claim 15, further comprising operating the extractive distillation
column at an overheads pressure in the range from about 1 to about 4 MPag.

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 Cp-Cy
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-Cy 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 13, further comprising
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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 C2-C4 hydrocarbon
comprises propane, and wherein the overheads fraction further comprises propane, the process
further compF€iAg ULIAE St least a portion of the overheads fraction as a REN/US2009/046736

contacting the methanol-to-olefins reactor systeni effluent with an aqueous solvent
comprising at least one of water and glycol to remove any methanol or ethers
contained therein to form an aqueous fraction having an increased
concentration of methanol and ethers and a hydrocarbon phase comprising
methane and ethylene; and
feeding the hydrocarbon phase to the extractive distillation column as the at least a
portion of the methanol-to-olefins reactor system effluent.
25. The process of claim 15, further comprising:
at least one of:
contacting the reactor effluent with a caustic solution to separate at least a
portion of carbon dioxide;
contacting the reactor effluent with a molecular sieve dryer to separate 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 effiuent 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 refiux.
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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