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OXYGENATE TO OLEFI NS REACTI ON EFFLUENT FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates to CO2 renoval. More particul arl t he Eresent

i nvention YOPM6®E2453 [ enpving CO2 from an effluent st rea®CHEFIRI05E4

Y

om an

~oxygenate to olefins reaction system BACKGROUND OF THE | NVENTI ON [ 0002]
Light olefins, defined herein as ethylene and propylene, are - inportant
commodity petrochem cals useful in a variety of processes for making
plastics and other chem cal conpounds. Ethylene is used to nmake various
pol yet hyl ene plastics, and in maki ng other chem cals vinyl chloride,

et hyl ene
vari ous

oxi de, et hyl beREMOVING CARBON DIOXIDE FROMs used to nmake
pol ypr opy| ANOXVGENATE FODLEFINE REACTION EFEDUENTE such as

‘acrylonitrile and propylene oxide. [0003] In addition to cracking petrol eum

product s,

t he petrochem cal industry has known for some tine that

Joxygenates, especially al COhOIRSELY OF TIRANMENTRONNt 0 |ight ol efins.
preferred conversion process IS generfally referred to as an oxygenate to

ol efin (OTO) [#@QIdti on pPrhsowssent 8pwoiidn rates/to €O, semo@LOMemartivulahncess, an
oxygenat e contacts ol ecul ar .sieve catal yst G co sition under
co%gi tions ef %qussé @Bexﬁwﬁ\;giattesa{o {egﬁ’gf“gaéf@é qnaﬁmg%}ﬂpﬂg S%Wg‘g‘?ﬂ'lﬂg to

l'i ght ol ef i nsgo\488x Q@Q@bléﬁ%ﬂ&@ﬁ@%’vﬁ(ﬁmt e, the process is generally
referred to as a nethanol '

to olefin (MO reaction process. Mthanol

particularly preferred oxygenate for the synthesis of ethylene and/or

pr opyl ene.

such as

6, 121,504 d
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are renoved
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fromthe olefin product by contacting with a quench nmedi um
Aft er cont actplasgics ind hothére cheraiceh camppunds. a Bthydene s vendcto fmaket vagipuss
obt ai ned whi ch

pol)?e%lrﬁéﬂesgﬁsﬁcg,eal\%) 11210191%98 zofél?e; (ﬁ’%;l;{&dé%%%? 1(:%9’1%%,7 ethylene
oxide, ethyl benzene and dalcohol. Propylene is used to make various
polypropylene plastics, and in making other chemicals such as acrylonitrile and
propylene oxide.

[0003] In addition to cracking petroleum products, the petrochemical
industry has known for some time that oxygenates, especially alcohols, are
convertible into light olefins. The preferred conversion process is generally
referred to as an oxygenate to olefin (OTO) reaction proceés. Specifically, in an
OTO reaction process, an oxygenate contacts a molecular sieve catalyst
composition under conditions effective to convert at least a portion of the
oxygenate to light olefins. When methanol is the oxygenate, the process is
generally referred to as a methanol to olefin (MTO) reaction process. Methanol is
a particularly preferred oxygenate for the synthesis of ethylene and/or propylene.
[0004] in a typical OTOQ reaction system, undesirable byproducts, such as
carbon dioxide, may be formed through side reactions. U.S. Pat. No. 6,121,504
discloses a method of making olefin product from an oxygenate feed using
molecular sieve catalysts. Water and other unwanted byproducts are removed
from the olefin product by contacting with a quench medium. After contacting

with the quench medium, a light product fraction is obtained which comprises the



-2 desired ol efins, but also includes dinethyl ether, nethane, CO @02,
et hane, propane, and ot her m nor conponents such as water and unreacted
oxygenate feedstock. [0005] In order to further process olefins, it is

t
of t en neceggpvsibeded-educe or renove undesirabl e bypr oducgé,ﬁ)‘ﬁg@,s@hgz resent

in the olefin conposition. For exanple, U S. Pat. No. 5, I'SCl oses a
nmet hod of making an olefin conposition-2and a system for renoving

non-ol efi n byproducts such as CO2. A dewatered ol efin conposition is washed
Wi th caustic to renmove C02, and the washed olefin conposition is dried to
reduce water added as a result of the caustic wash. [0006] Published U S
Pat ent Application US 2003/0199722 Al to Lattner et al., the entirety of
whi ch is i ncoleseholdingebut alspyinclides dipethylipther, owethane, lePh &2 sthangnovi ng

acet a1 ety e, a0 S flor B o S5 ABELAL BEBEND SRS 2 7110

stream Speci ly, ace ef1ns are substa

renoved from febdteekhyl ene and/ or propyl ene containing stream The streamis
then acid gas treated. riﬂgé)m] Addi ti onal praqcesses for renoving undesirable
conmponents f rk@APSlol ef i rderdadunbes prefigshelefin, itigofien meegssary to redyeeer ar e

ht f ' ' . d h
opm 1 evel i n ST AndggsEOREpHbtE AL e BitSentdthl SR botpbfion “BBbune s of
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t wo- st age car bon dj oxi de_renoval process and_devices for using_same, which
are ideal |y sefimpogition; andasystes ©nreeeving neniolefity byprrductosudh 36 €Gnt & ni ng

ef {1 vont st cam st \idthd COMARGPSANG Ly GhSid o (TR ERgChAemoYStem

[ 0009] In one Irhvention 1s Focess rehovi ng”- CO2

froman effl upaghes blcfiarbompositioh s dhel RredeesvaenFilded as a résaltsdfelmscanbtic (a) =
providing the effluent stream wherein the effluent stream conprises
greater than ¥a®ut 100 vppm C02, optionally greater than about 200 vppm

2, Bononat o2 o Rl SPGB A o i o1 1P

et al,, the entirety of which is incorporated herein by reference, discloses a method
of removing acetaldehyde, CQO; and/or water from an ethylene and/or propylene
containing stream. Specifically, acetaldehyde and C4+ olefins are substantially
removed from the ethylene and/or propylene containing stream. The stream is
then acid gas treated.

[6007] Additional processes for removing undesirable components from
olefin streams are sought. In particular, processes are sought for removing
oxygenated hydrocarbons, particularly CO;, down to the ppm level in olefin

product streams without removing significant amounts of olefin. CT

SUMMARY OF THE INVENTION

[0008} The present invention provides a two-stage carbon dioxide removal
process and devices for using same, which are ideally suited for removing carbon
dioxide from an olefin-containing effluent stream derived from an oxygenate to
olefin (OTO) reaction system.

[0009] In one embodiment, the invention is to a process for removing CQ,
from an effluent stream, wherein the process comprises the steps of: (a) providing
the effluent stream, wherein the effluent stream comprises greater than about 100
vppm CO,, optionally greater than about 200 vppm CO,, optionally greater than
about 300 vppm CO,, or optionally greater than about 400 vppm CO,; (b)



-3 contacting the effluent streamwith a first CO2 renoval nediumin a first
C®2 renoval zone under conditions effective to renove a first portion of
the CO2 from_the effluent streamand forma first CO2 depl eted stream
conpri si ng"PrP8M%E5at 0.5 to about 200 vppm CO02, optioné’ﬁTﬁUSﬂPQﬂ’ﬁ*‘ﬁ{%ut 0.5
~to about 10 vppm CO2, or from about 0.5310 about 1.5 vppm C02; and (c)
contacting the first CO2 depleted streamwth a second CO2 renoval nedium
in a second CO2 renoval zone under conditions effective to renove a second
portion of the CO2 fromthe first CO2 depleted streamand forma second CO2
depl eted stream conprising | ess than about 0.5 vppm COQ2, optionally |ess

t han about 0.céntapiing Geeffluentesiscamhwith vt CQ. BProvphmedvm i @0GLC anot her

enbodi ment, the invention proyi.des rocess for .renovin rom an

‘ef fluent str e‘SWPV?I}ﬁ@?%Pﬂ&?%“ i‘BESe ec@?’)’ﬁ%‘} femoye afirstRartian g{)%gﬂpovi di ng
t he effl uent | ' t han
about 100 vppﬂr\%E %%gﬁh t( coﬁghag%nghﬁﬁggg# 1@%]&6@%%%6m§nﬁf§ﬁggfﬁ%%m Cco2

uent stream f1rst
renoval nedi Und tohatout 208 vp@eCOg wptiehal tydnem aholatr0.£ tmabdut d B yppfif EOg,iore t o

renove a first portiop_of the fr the effluent streamand form.,a first
2 depl et etk ABRHD S AR IehEPT L0 8o () SPBRSInEHn TR s dsPiight
ratio of freﬁégre?:g)%ﬁ{ h Geddid O] FenfeRPhciunDf @s&laﬂd ggﬁ'rémo%l RhERh&yr han.

about 1.5; a contacting the tirst C02 depl et streamwth a second
CO2 renoval nmdiiions effactivecoarho@ed seeond pbrtivonef thade®; dondilei st CELf ect i ve

to renpbve a secpn ortion, of the o] e.first CO2 depleted stream
and form a s CERIREICRERL B B 5o 3R o QPR CHER oS oG bl
medi um has a :m%hﬁé;g ‘;ggﬁi €09  opitoRlly letfitnhiabolt. & : S(?@}E'%tzlegs tHaR aBodl! ¥

basi-s, of less t out 99.°0. Preferably, the removal medi um
has. a wei ght 0.32 vppmofCQx esh caustic to spent caustic, on a dry basis, of

reater than t 1.5 and |less than about, 4.5, nore pr.eferabl reater
?han about 2.@8ﬁﬂd Iess]%t ﬁ'é‘ﬂﬁ%be O%P’F,n ’ah}? Hygption @F‘S‘F'g?ﬂ a B‘fﬂéﬁstsgfort han
about 2.8 an%}n%tv‘ﬁgté@g fRRPH efluént M%%n%?f&%g%mﬁgé HD Rl er abl y

has a weight ratio of fresh caustic to spent caustic, ry basi's, of
great er than ofalfgupravidingrttie | effgent heweasp ovher€f. e effinentpstesfany abinprisgseat er

than about 5.0 gnd,| s, ian abou 18,0, And MRS oS Shahh Yol S ¢ P
CO, removal medium in a first CO, removal zone under conditions effective to
remove a first portion of the CO; from the effluent stream and form a first CO,
depleted stream, wherein the first CO; removal medium has a weight ratio of fresh
caustic to spent caustic, on a dry basis, of greater than about 1.5; and (c)
contacting the first CO, depleted stream with a second CO, removal medium in a
second CO, removal zone under conditions effective to remove a second portion

( of the CO; from the first CO, depleted stream and form a second CO;, depleted
stream, wherein the second CQO; removal medium has a weight ratio of fresh
caustic to spent caustic, on a dry basis, of less than about 99.0. Preferably, the
first CO; removal medium has a weight ratio of fresh caustic to spent caustic, on a
dry basis, of greater than about 1.5 and less than about 4.5, more preferably
greater than about 2.3 and less than about 3.7, and most preferably greater than
about 2.8 and less than about 3.2. The second CO, removal medium preferably
has a weight ratio of fresh caustic to spent caustic, on a dry basis, of greater than
about 1.0 and less than about 99.0, more preferably greater than about 5.0 and less
than about 19.0, and most preferably greater than about 8.5 and less than about
9.5.



WD 2006/ 062657 PCT/ US2005/ 040527 -4 [00111 Optionally, the first CO2
renoval nmediumis the sane type of solution as the second CO2 renoval
medium The first CO2 renpval medium optionally conprises greater than
about 60 vwioghte/gmeszent fresh caustic, on a dry basis. Optraralospiosehe
first C02 renoval nedi um conprises |ess than about 40 weight percent spent
caustic, on a dry basis. In one enbodi mefit, the first CO2 renoval nedium
conprises greater than about 70 wei ght percent fresh caustic and |ess than
about 30 wei ght percent spent caustic, optionally greater than about 74

wei ght percent fresh caustic and | ess than about 26 wei ght percent spent

causti c, One@tog{r]y baSiég%%n%ﬁ%}.lﬁT%th@??Qn% rﬁ&iﬂffﬁais ﬁﬁd!t;zﬂﬁ@? ei 8P3| |y

conprises gr t han " percent Spéent caustli C. tronally,

the second C@litRioaathe sEeehd DO:aBmovalemelRas Tharfireb Q@, BhoRaliiedhim per cent
fresh caustic. The second CO2 renoval nedi um optionally conprises greater
than about 5.optiganllneomprises greatesghan abeni $0; weishipereent fefin paustionan 8910 wei ght

Cpent caust it PelerhE e, B8 oy efR ki, Sifioed s et Bholh6 T 0015

The condi ti ongeight p&i€ertispeit canstic; @R dryCoasis. €Dyt embodimentBilie figtyCOW del y.
I n one enbodi ment, the tenperature in the first and second CO2 renoval
zones ranges femavekmedinmaRoprisesgsater 88 abewt0sHeiEh pereantfgsibeausticand o about

54C." The pressurg in.t LIS 0 d r t.an y
Canges 1 om b fieh o4l IebhkEh Blfat Sheften, LBIRNy ARREC opRBIC Y /),
kPaa to  aboUiveRfderbédresh Qadut and ledathie abeTRECVETEY perbdit shaeBidtR) i s to
a system for renmoving carbon dioxide froman effluent stream conpri sing

greater than ebaddrybss, 200, 300 or 400 vppm 02, the system conprising a

Feroval uni ¢ TOR3es a ThitereyE0r e el e S BpRondRr Boruntths! Blshiet {0 rorm
a final CO2 dgahegb&d 150 et peresmI speht Eubis SOplicrallg tidiseborkl @OP Fentédzl

preferably | ess than about 0.4 vppm |ess_than about 0.32, |ess than about
0.2, or |ess MeANMLEIRTISYS 16%9}%6&%@. 99.6 oveight ppicerifagshycaustice. Bapsacendy al

unit is in fl &bczj rémdVaY Bt 8&1&45115} c%pnprises greater than about 5.0 weight percent

spent caustic and less than about 95.0 weight percent fresh caustic, preferably

greater than about 8.0 weight percent spent caustic and less than about 92.0
weight percent fresh caustic.

[0013] The conditions in the first and second CO; removal zones may vary
widely. In one embodiment, the temperature in the first and second CO; removal
zones ranges from about 38°C to about 66°C, optionally from about 43°C to about
54°C. The pressure in the first and second CO; removal zones optionally ranges
from about 1034 kPaa to about 2758 kPaa, optionally from about 1724 kPaa to
about 2413 kPaa.

[0014] In another embodiment, the invention is to a system for removing
carbon dioxide from an effluent stream comprising greater than about 100, 200,
300 or 400 vppm CO;, the system comprising a CO; removal unit comprising
exactly two CO, removal zones, wherein the CO, removal unit removes a
majority of the CO, from the effluent stream to form a final CO; depleted stream
comprising less than about 0.5 vppm CO., preferably less than about 0.4 vppm,
less than about .32, less than about 0.2, or less than about 0.1 vppm CO;.

[0015] Optionally, the CO, removal unit is in fluid communication with an

oxygenate to olefin reactor. For example, the CO; removal unit optionally



oxygenate to olefin reactor. For exanple, the CO2 renoval unit optionally WO
20061062657 PCTI US2005/ 040527 -5 receives the effluent streamfroma water
absorption_colum, and the water absorption colum receives the effl| uent
stream froWO2896/8426% unit, and the quench unit receives PHEUSINSOMOAZT stream
fromthe oxygenate to olefin reactor. [Q016] The CO2 renoval unit
preferably further conprises a water was zone. [00171 Optionally, the Q02
renoval unit conprises a first CO2 renoval zone and a second CO02 renoval
zone, wherein a first CO2 renoval nediumis added to the first COQ2 renoval
zone and a second COX2 renoval nmediumis added to the second COQ2 renvoval
zone, the firgkei@eR thiccnfMmht sReiminfrdrava ngpter wiesogption caltima, ahd fthe shateaust i c
to spent caustic of greater than about 1.5 and. |ess than_ about 4.5, on a
dry basis, an@b$ﬁ§1°§e%%n6@elY%§1FaFfﬂ%Hﬁ sisaToy & aerdnintaand s fresh

caustic to sp or I about 99.0,
on a dry bas:&s. cﬁ?\‘”ﬁ#@”&%@&?ﬁ%ﬁ S&%@gﬁ?ﬁﬁgg O%Drg{g?r%\bgﬁﬁﬁgé%?%m optionally
has a wei ght [0016] 0 of Theg0,cetmvalcudio preferablydartbér congirisgs @avater whsth about

2.3 and less than about 3.7, preferably greater than about 2.8 and |ess
t han about 3.29M€The second CO2 renoval nediumoptionally has a weight ratio

of fresh caustd 0 Spepyt... ' : ! t han
about 19.0, pideq€l gi ably ¢ ggﬁdgij?{t%eggﬁfzarg%ﬁt@{ﬁgﬁrg{ g‘?fgpﬁﬁ%g;g Fﬁégx%gl%lﬂ&éf&
100181 I n anottey arfirh eebotdnTO, tdigovahvend,i witereia 4 first COPrenssval aleditm tis i n
fluid conmmunication with an OTO reaction,  system the CO2 renoval unit

conpri si ng exaddedyio thetitstp Or appoval 2086 aad aserond GOy BmoYal medipm 15 3ddethal | v

[ f t i e. + The CO2
fggiﬁeﬁn?t I S SSOHRICOp MARRSE 2512, Ko ERERBRE i IRIREBARBN T o
THE DRAW NGS {idldt freEh icaustio \te Bpand bavstit lof igeealtee iy abenti &5 2ind deks Ithary sboat ence t o

the detailed descr id%z,i on of .the invention main taken together. with the
attached drafiongs 2 dinbasis, gnd thegecand,t B refaaval medim haymng araightratie ok r oss

secti onal vi eyl oo spBhARsrdr dEiEMfin It 1376161 ar SoolGo 6P et

of the present 1 nven
a dry basis. In this embodiment, the first CO, removal medium optionally has a

weight ratio of fresh caustic to spent caustic of greater than about 2.3 and less than
about 3.7, preferably greater than about 2.8 and less than about 3.2. The second
CO; removal medium optionally has a weight ratio of fresh caustic to spent
caustic of greater than about 5.0 and less than about 19.0, preferably greater than
about 8.5 and less than about 9.5.
{0018] In another embodiment, the invention is to a CO, removal unit'in
fluid communication with an OTO reaction system, the CQO; removal unit
( comprising exactly two CO; removal zones. The CO; removal unit optionaily
comprises a first caustic wash zone and a second caustic wash zone. The CO,

removal unit preferably comprises a water wash zone.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] This invention will be better understood by reference to the
detailed description of the invention when taken together with the attached
drawings, wherein:
Fig. 1 provides a non-limiting partial cross sectional view of a two
stage CO, removal unit according to one embodiment of the present invention;

and



and WO 2006/ 062657 PCT/ US2005/ 040527 -6 Fig. 2 provides a non-limting flow
diagramillustrating an exenplary non-limting oxygenate to olefins
reaction system which includes a two stage CO2 renoval unit according to
one enbodiwenboss2dshe present invention. DETAI LED DESCRI gt /Ghboekosbsis

| NVENTI ON A, | NTRODUCTI ON [ 0020] The present invention provides processes
for renmoving carbon dioxide froman ef tfuent stream Preferabl y, the
effluent streamis derived from an oxygenate to olefins (OTO reaction
system nost preferably a nmethanol to olefins (MO reaction system The

I nventive process conprises renoving the carbon dioxide in tw stages.

[0021] In a preferred [ t he i nyenti oGe i n tep of
provi di ng an effl uent ﬁ'ggréﬁme%hgcg%}éﬂge@;@gt gﬁ%nﬁ%ggtﬁlqﬁ vppm
C2. The ef fdxumplary hbRAMIGAE 0xFhehate {0 ORENSactioNBYRbmediichindideber ably .
conprising caustic, in a first. CO2 renpval zone under conditions effective
to remove a fiWpsstagydr@: gameralt Hait Grgordingnte nenee embodimenst oo dbg Presentor m a
first CO2 depl tn%g stream conprising less CO2 than was present in the

ef f | uent strelgﬁ? prr"ef erably from about 0.5 to about 200 vppm CO2. The first
CO2 depleted streamthen contacts a second CO2 renoval nmediumin a second
C2 renoval zone undepETAILEDODESCRIPTIONOFITHEINVENTIOPCOoNd portion of

the CO2 fromthe first COP depleted streamand forma second CO2 depl et ed
st ream conprifdi ng M 0 was present in the first CO2 depl eted

stream pref y les h (o] : - dj s red that
t he novel Cogbgghoval ;Ir'l%ecggéssagf H#ﬁlgﬂ%r égdé{@eg) \?glﬁ%ngﬁgr Bgrgg‘lng S |(P31al co2
removal propedibki@é flost amefffent steghim. S Predeablie tHeverubhtaimieam is bfvéd ot on
system [0022] In another enbodi nent, the provided effluent stream which

conpri ses' gr et exygepdn talefins1§3I Qb precta sysisamost preferpbly acoethaapbim| o
i ; g I at! . .
frrst por i o (NEB) BN ey " PRI Bivelil biok BRCedieREd riiplifl DY

depl et ed st r aafonldiodifié i two stages.

[0021] In a preferred embodiment, the inventive process includes a step of

;
L

providing an effluent stream, which comprises greater than about 100 vppm COs,.
The effluent stream contacts a first CO; removal medium, preferably comprising
caustic, in a first CO, removal zone under conditions effective to remove a first
portion of the CO; from the effluent stream and form a first CO; depleted stream
comprising less CO, than was present in the effluent stream, preferably from
about 0.5 to about 200 vppm CQ,. The first CO; depleted stream then contacts a
second CO, removal medium in a second CO, removal zone under conditions
effective to remove a second portion of the CO, from the first CO; depleted -
stream and form a second CO, depleted stream comprising less CO; than was
present in the first CO; depleted stream, preferably less than about 0.5 vppm CO,.
It has been discovered that the novel CO, removal process of the present invention
provides ideal CO, removal properties for an effluent stream derived from an
OTO reaction system. ,

[0022] In another embodiment, the provided efﬂuent stream, which
comprises greater than about 100 vppm CO, contacts a first CO, removal medium
in a first CO; removal zone under conditions effective to remove a first portion of
the CO; from the effluent stream and form a first CO, depleted stream. In this

embodiment, the first CO; removal medium has a weight ratio of fresh caustic to



enbodi nent, the first CO2 renoval nediumhas a weight ratio of fresh caustic
to WD 2006/ 062657 PCTI US2005/ 040527 -7 spent caustic, on a dry basis, of
greater thago akemt 5. The first CO2 depleted streamth

second Cozamnnv}glwér%di umin a second CQ2 renoval zone u% gﬁﬁgﬁgﬁﬁ%t{%ﬁgns
effective to renobve a second portion of -tthe CO2 fromthe first CO2 depleted
stream and forma second CO2 depleted stream The second CO2 renoval nedi um
has a weight ratio of fresh caustic to spent caustic, on a dry basis, of

| ess than about 99.0. B. CARBON DI OXI DE REMOVAL [0023] This invention

provi des processes for renoyi car bon di gxid m.an ef fluyen tream
preferably an SN PRHEo AR éi‘i'/\'yl SIS (qugrgﬁtler g{af’eai’tﬁugi;%r v@be %ﬁtﬁla’# :
Leaction Systgma]ﬁ%éﬂn@omglse@dmcw%ﬁé\ﬁﬁ%@@wd§ nd REG)Y thdig an

ef fl uent stream conprising one or nore light o ns and car bon | oxi de,
and renovi ng aomajuater cyndifionsheffectvd om ranwxi asccpné pertioni of the €f fdmahe

stream The effl t ,stream can be derived fr cqnventiopal source, and
can include &&# %:Q?PbﬁtﬁgﬁFEar%GEﬁ foun ab“ﬁ?"%&a?ﬁ%l?@ §5amy  HIOSREANA car bon
nonoxi de, ne : : L 4410 i met hyl
ether and 4 %%&ﬁ%‘gﬂ éf%?ffh'%ﬁ}tﬁggﬁﬁoﬁdﬁﬁsw%ﬁtg ?’Eﬁ?tadrailg;}{cbgﬁg%d {gi al in
renovi ng car bbasislioftese ¢hanfabome 990.ef f | uent stream derived froman OTO

reaction process. In an OIQ reaction process an oxygenate such as nethanol
contacts a cathl y S &NEs DIQXID : Pettive to convert the oxygenate to

i ght ol efins wat er . o [ a 4T ' Asdvi :peaction
process and n‘&%& presgrl?gaﬁlﬂ@gtﬁmgg%lg%r?%g Sg%/ﬁrﬁent éﬁ g%ﬁs?nq{&elfigtively
hi gh. concent r dtonoas .effTieat pireaenprefeodbly @ardbefin-comtxinohg effluent stlearhi derivedit ai ni ng
effd*uent stream can se@&.obl ens in_furthe Broces%ng and separation of
t he' et hyl ene 61“0@& iPRAYBiGAs ¢ Ing P SDOAIERL,: snBTOeSsS COMMILSS di oxi de
can poi son po : e p. ﬁﬁﬁ% rd§ C I . 8B4 1 zation
grade et hyl engﬂl%%lx g‘ﬁ ?/mﬁigratuﬁéeé g@sibt a 00.93&‘ 1\’i}fg)rgmﬁ%t,ici)z(.ﬂéﬁaln%daﬁIl:ymari zation
grade propy! enéoxideand gemoeig & hmjority ®f\thp vaiBOR . diofidd pidsexBpini tha aiffiyent t he
ef fl uent streamthatr I s.provided for %JZ [ val accor.di{i% to th %esent

i nvention comiFFd%s Tho eleRtstAm 930 he 468YRd Hemany spmyentional Source, and ¢

include other components such as, but not limited to, hydrogen, carbon monoxide,

methane, ethylene, ethane, propylene, propane, nitrogen, dimethyl ether and C4
compounds.
[0024] The invention is particularly beneficial in removing carbon dioxide
from an effluent stream derived from an OTO reaction process. In an OTO
reaction process an oxygenate such as methanol contacts a catalyst under
conditions effective to convert the oxygenate to light olefins and water. Carbon
( dioxide is a byproduct of the OTO reaction process and may be present in an
OTO-derived effluent stream in relatively high concentrations. The presence of
carbon dioxide in an olefin-containing effluent stream can cause problems in
further processing and separation of the ethylene and propylene from these
streams. Additionally, carbon dioxide can poison polyethylene and polypropylene
forming catalysts. Polymerization grade ethylene typically require less than 0.3
vppm CO,, and polymerization grade propylene requires less than 1.0 vppm COs.
[0025] Optionally, the effluent stream that is provided for CO; removal
according to the present invention comprises not greater than about 1000 vppm
carbon dioxide, preferably not greater than about 500 vppm carbon dioxide, and

more preferably not greater than about 100 vppm carbon: dioxide, based on the



car bon di oxi de, preferabl y not greater than about 500 vppm car bon di oxi de
and nore preferably not greater than about 100 vppm carbon di oxi de, based
on the WD 2006/ 062657 PCTI US2005/ 040527 -8 total volunme of the effluent
stream OWORMPE®W26570r car bon di oxi de to be renoved fronPEHES2GOS04BERT
stream sone neasurabl e ampunt nust be pgesent. In one enbodinment, the
“provided effluent stream conprises greater than about 100 vppm (0.01 vol.
9% carbon dioxide; in another, greater than about 200 vppm (0.02 vol. %
carbon di oxide; in another, greater than about 300 vppm (0.03 vol. % carbon
di oxi de; and in yet another, greater than about 400 vppm (0.04 vol. %

carbon di oxidg) voRERbARe Eﬂﬁehpét?éani’veOQ Béursd, foncarbdi Higide t& tHe%i'ﬁbvéd)RZG]

For purposes of the present specification and t he appended cl ai s
anount of carfisom it cffluent pitesemntsone Mikesuedbi¢ amount Mmushbe presdnt ahyomﬁf t he

ot her streans_described her. | s _det erm ned. hro a

descri bed in CRpRRMERt p§?‘§ﬁ'ﬁfg¢f§uﬁ’§ e@’f@ﬁ?rlsf%@gstfrﬁ‘ﬁ Qﬁa @D‘&Rﬁbdr nent ,
the effl uent Lo1evd) 94) @hrbofi ;A8 GnotherRkéasédthad absda 200 IRPHT ro&ﬁz Vb1 %

et hyl ene. erably, ‘the provi ded effluent stream co%)rr Ses from about 25

W % et hyl ene%ﬂ caxhbmdtoxr@,\m amtbe:rhgteatee thampabeut Hkverma .03 vobehtasbon 30 Wt %
to about 60 %, and, nost ferabl rom.ab th ghout. 50 wt %
propyl ene, bv@gﬂ‘dﬁ’nm{dn@ Y% i it {)Lhaphaé)o ?#{’Q.;XRPD‘ ﬁl. /b)()fﬁg?nl n

anot her enbodi;aRiat, bagapoﬁhgltb@me@hf@ﬁﬁ%ffﬁ{eng streRfOVi ded aI so conprises at

| east about 20 wt % propyl ene. Préferably, the provided effluent stream

conprises frol@26out 20Fantpuwpgses pf therpresent sproiftcation wed Ql'bempopydl@hﬂalmsrmr e
preferably from about about, .5 % ene, and

preferably fr FnaH’r?Bﬁttoé’ﬁﬂ?&n ‘é"’fl eQB"t?ﬁ‘tt g Wﬁ“}e’gtr g‘%’l"‘e%‘ LES %ﬂthFﬁe t ot al
wei ght  of thestﬁﬁﬂs%ﬁénb%ﬂrlfé@ém {s082&imikdd bppas '(:Hronid?@%rﬁ‘ﬁ}Bthéjﬂé’scﬁBéd gent

stream conprises a rel ativel %Ml ow concent rat I on of hane, optionally a
| ower concentaalytical spindarhABEM Bad605r opane. For exanpl e, the effluent

ot eam opL | onfigbh CoM S SioE G TER. 160 R i, S BB e

based on the gghgiseyvat Ietst @hodt S QftfdoUQRYIeRd.” F@eferably, the provided effluent
stream comprises from about 25 wt % ethylene to about 75 wt % ethylene, more
preferably from about 30 wt % to about 60 wt %, and most preferably from about
35 wt % to about 50 wt % propylene, based on the total weight of the effluent
stream.
[0028] In another embodiment, the effluent stream that is provided also
comprises at least about 20 wt % propylene. Preferably, the provided effluent
stream comprises from about 20 wt % propylene to about 70 wt % propylene,
more preferably from about 25 wt % to about 50 wt % propylene, and most
preferably from about 30 wt % to about 40 wt % propylene, based on the total
weight of the effluent stream.
[0029] Optionally, the provided effluent stream comprises a relatively low
concentration of ethane, optionally a lower concentration of ethane than propane.
For example, the effluent stream optionally comprises not greater than about 4 wt
% ethane, not greater than about 3 wt % ethane, or not greater than about 2 wt %
ethane, based on the total weight of the effluent stream. '
[0030] Optionally, the provided effluent stream comprises a relatively low
concentration of propane. For example, the effluent stream optionally comprises

not greater than about 5 wt % propane, not greater than about 4 wt % propane, or



[ 0030] Optionally, the provided effluent streamconprises a relatively | ow
concentration of propane. For exanple, the effluent streamoptionally

conpri ses r than about 5 w % propane, not gre ut 4
wt % pr opar\?g@&%r%%ggoow 062657 PCTI US2005/ 040527 -9 not gﬁ@é%&%’%%? about
3 wm % propane, based on the total weight.of the effluent stream [0031] In
anot her enbodi nent of the invention, the provided effluent stream contains
bot h ethyl ene and propyl ene. Desirably, the effluent stream conprises at
|'east about 50 wt % et hyl ene and propyl ene. Preferably, the effluent stream
conprises fromabout 50 wt %to about 95 wt % et hyl ene and propyl ene, nore
preferably frootgeder thes ahoutyd v Yalpeananecbased on dhaiotal ecightcoighe sffluent,  and
nmost preferably fromabout 60 wt %to about 85 wt % ethylene and propyl ene,
based on the £OtAl" wei ght of the effluent stream [0032] Optionally, the
provi ded effl ygyal) st r ealy GARRE SRbodidicnddTafher invBdibn, 3RO Provided @EMAPM

wat er. For exanple, the effluent streamoptionally conprises not greater

t han about 10s50&M wppteingabath  ethideneg ardiipsepiténen Desoeblyppre offluent, stogam not

t th bout. 1, 0 ter, d t he t ot al i.gh th
O uent ot r ESbTireg s st BORL % cBREE P erePRE PrrctiRt Ve BT he
ef fluent stregmde copiRdsidth Yibslit50 Wi tol dbout 95 weRA, ety line Shtl GR6PyE&He, cont ai n

some. water. The benefit of the effluent stream containing some anount of
wat er i s that modelprafenably ford/about Fompl%to abgutrRP wt e pthytenc wnd Ipropgderise needed

before separati t he carhon . dioxid romg he effluent stream tionally,
the effl uent @&gﬁ?ﬁtc?fﬁcﬁr@’g%sﬁ% a oggséﬂ o t%l(ﬁ{’%Hp v%&é,e%?‘%ﬁy‘gferabl y
at | east aboulprohfknaPRiEed'8h e toRNeighDSt the effRhAde¥mat | east about 200 wppm
wat er, based T(;)nr-] the total weight of the effluent stream [0034] In another

enbodi ment, t @033] f | uentOpgion errovided gffientigreamecomprissenotrgyeateyrtban er t han
about 40 wt % CA+ .al efins. Prefecabl h ravi de ef fl.ue stream
conpri ses not agél‘ga}ge(ﬁ) e 348 ‘t%?. a%?n o’&ge UERS §f‘mrﬂ§’t118nab'rm1;y not

g][ ??Lg;\t t 2 ?Pegg]f)g%atgpt}i&h a¥eutAD, 0008k s walR SRS gidatdriRan 9060 woBMmOMdter, 0F t he
not greater than about 1,000 wppm water, based on the total weight of the effluent
stream.

[0033] It is not necessary in this invention that the effluent stream be
completely dry. That is, the effluent stream can contain some water. The benefit
of the effluent stream containing some amount of water is that additional and/or
complex drying equipment will not be needed before separating the carbon
dioxide from the effluent stream. Optionally, the effluent stream comprises at

least about 10 wppm water, more preferably at least about 100 wppm water, and

n//—\\'

most preferably at least about 200 wppm water, based on the total weight of the
effluent stream.

[0034] In another embodiment, the effluent stream that is provided
comprises not greater than about 40 wt % C4+ olefins. Preferably, the provided
effluent stream comprises not greater than about 30 wt % C4+ olefins, more
preferably not greater than about 20 wt % C4+ olefins, based on the total weight
of the effluent stream.

[0035] As discussed in more detail below, the carbon dioxide removal
process according to the present invention is a two stage removal process. In the
first stage, the effluent stream contacts a first CO; removal medium in a first CO,

removal zone under conditions effective to remove a first portion of the CO, from



[ 0035] As discussed in nore detail below, the carbon dioxide renoval

process according to the present invention is a two stage renoval process.
In the first stage, the effluent streamcontacts a first CO2 renoval nedi um
in a fi rStW% rempval zone under conditions effective to renove a first
portion of ""&5;6 rom WD 2006/ 062657 PCT/ US2005/ 040527 PGHUBHASB4052 T ent
streamand forma first C02 depleted strigam In the second stage, the first
CO2 depl eted streamcontacts a second C02 renpval nmediumin a second C02
renoval zone under conditions effective to renove a second portion of the
C02 fromthe first CO02 depleted streamand forma second (final) CO2
depleted stream [0036] In this enbodinent, the first CO2 depleted stream
preferably ' r a N4

Preferably, 'Ei ﬁéeTPFfl :ura?tss efg e? g%jﬁg?gggﬁqlggﬁggi@as%sm??%nﬁ%ﬁ%? t5heto about
200 vppm car Hirt 60gxdepleted streafrecaithols af seoondaliQutretobalt medinmuin 4 Gcondpm
carbon dioxide, nore preferably fromabout 0.5 to about 10 vppm carbon

di oxi de, and G@stenmv@fémﬂougder conditippt effcative ¢ geraeyvr e second 1t af then

The second CIPbRBPEREdRt D03 HeRblen Sreiand. fofh i ond Fegfl E0a0DRRT, Loour
1 vppm car bonydig@xi de. Preferably, the second CO2 depleted stream conprises

not greater than about 0.5 vppm carbon di oxi de, nore preferably not greater
than about 0.[603)pm carlnothisliemtiodenenindherdist QiCef depletes streamgpezferblyt han

about 0.32 vppm carbon di gxi de, based on the tot I ght of the second C02
depl et ed st ré‘&ﬁipnf‘@ﬁogﬁfteq'ﬁ'@né%h@ @Q“H@;SQ‘& @axaer ﬁ'ﬁﬁgeb”&’@éh%lgﬁ} (iihpri ses
at least a [k 14t f y e t bt ovi ded
ef fl uent stre@h&'E .rtlé é}ggﬁyﬁg{gh%&ge%ﬁgﬁg 0%?5%@3%%&?#@0@%?@%@3 at
| east about fefefablp, fRdm HbeRE0. 3N abbapyb@ervgpmi aiibot dioxidey nttre peefeBly vel y,

nore preferably at |east about 80 wt % et hyl ene and propyl ene, individually

or col | ecti vefrgm ahout G ta almuéfl B vapinycarbon diexide, andouvost poeferably fromyabente and
propyl ene, ingdjvidually_ or collectjvely, based,k on, the.taot i of the
05" Hep ot ed b Feahibt 155 SBpm cartop ATt e Bral et Bl LA 1
(i.e., at | e‘%ﬁble@a‘)@re%.t he ’

[0037] The second CO; depleted stream preferably comprises not greater

than about 1 vppm carbon dioxide. Preferably, the second CO; depleted stream
comprises not greater than about 0.5 vppm carbon dioxide, more preferably not
greater than about 0.4 vppm carbon dioxide, and most preferably not greater than

about 0.32 vppm carbon dioxide, based on the total weight of the second CO,
depleted stream.

[0038] The second CO; depleted stream preferably comprises at least a
majority of the ethylene and propylene present in the provided effluent stream.
Preferably, the second CO, depleted stream comprises at least about 70 wt %
ethylene and propylene, individually or collectively, more preferably at least about

80 wt % ethylene and propylene, individually or collectively, and most preferably

at least about 90 wt % ethylene and propylene, individually or collectively, based

on the total weight of the CO, depleted stream.

[0039] Following separation of at least a majority (i.e., at least 50%) of the
carbon dioxide present in the effluent stream, ethylene and/or propylene
containing streams are recovered, which contain at least a majority (i.e., at least

50%) of the ethylene and/or propylene in the provided effluent stream. These
ethylene and/or propylene containing streams require little if any further treatment

prior to making polymers or other derivative products.



in the effluent stream ethyl ene and/ or propyl ene
containing streans are recovered, which contain at least a magjority (i.e.,
at | east 0 e et hyl ene and/ or propylene in the provi Luent
stream Thég)e@wée?% {ﬁaene and/ or propyl ene contai ni ng strea’%g'hﬂg%ﬂ?%%:’ ittle
4f any further treatnment prior to makiig-polyners or other derivative
products. WD 2006/ 062657 PCT/ US2005/ 040527 -11 [0040] In one enbodi nent of
the invention, ethylene and propylene are recovered and then separated from
one another. The streans can be treated, if desired, before or after
separation to renove carbon dioxide. It is preferable, however, to acid gas
treat (i.e., 08#ve acilh epssembedimentiof theninzentivon etiylsne pnd propyierssatsar boni ¢

acid and sul furic acid) an effl tr LSl t t ne. and
propyl ene, arf&c?‘f?ﬁa‘ifgé%g’regtsgp%rﬁéﬁlr}tfo tongl%gbiﬁlggpﬁhgtsﬁga@gggﬁltblgn%te tond CO2
depl eted stregiirbd)tfeie &t MyéreftParatioe donranevecaben iciide. STt fnprefdrailbl
derivative streamis then further processed, as is known in the art, to

provi de fi nal howsveruetasid poouddt (.6, senaovenssadiigasen tformesdt frepmeqsben dioxede
ultimately recoyered Eth | en nd/ or. procﬁyl en stf]egms coggrlse Eo greater
than about 1.8YpPnfTaPHEA1YR: WM "Brt r%leﬁ,h’ef’ STPER PRI ROYene
and/ or propyl &fglesd & p§1RAB) dnd Sher'Rpakitcat Giht AlefinPROMe r&uftingBeerdar bon

di oxi de, nore preferably hot greater than about 0.05 vppm carbon_di oxi de,
and nost pref €Dabiepletedt styeapmtinto arh gthyldpe sireamoand e ppropylend streathoxEath, based

on the total ight of the recovered ethylene and/ or rapyl ene .st.reans.
[0042) e | nefiptte St AL NPT Rctetk e POV BB ar BuEogHS hd

present invengiogicts.NCl udes renmoving carbon dioxide fromthe provided

ef fa...uent streamin two steps. The carbon dioxide preferably is renoved by
acild gas treH0#bp t he bfdnermbodsmensaforicxariple, the afsnatelyobervanidcthyléne

ef fluent stream,conprises .relatively few hydrocarbon copponents that cause
foul i ng probl &M% Hpogy caﬁﬁeﬂmsg%nﬁrrsga?%veﬂ%?@?3@%&"{‘0@3]’?@5I‘faﬁb‘lﬁ'r_ li quid
aci d gas trealiggide. Hreferibly,CthB r@.?ovufeadeﬂéﬁm}@mﬁi/ofhﬂ\bﬁ%he@ueﬁhﬁ emprasd i qui d

acid gas treatnent systens are preferred. In either “system the acid gas is

removed from hétegrestén themebait Oshmppm carbbh diixide, anare preferpbly not greater than

carbon di oxi de present

about 0.05 vppm carbon dioxide, and most preferably not greater than about 0.03
vppm carbon dioxide, based on the total weight of the recovered ethylene and/or
propylene streams.
[0042] As indicated above, the carbon dioxide removal process of the
present invention includes removing carbon dioxide from the provided effluent
stream in two steps. The carbon dioxide preferably is removed by acid gas
treating the effluent stream in two steps. Preferably, the effluent stream comprises
( relatively few hydrocarbon components that cause fouling problems in such acid
gas treatment systems.
[0043] Solid or liquid acid gas treatment systems can be used in this
invention, although liquid acid gas treatment systems are preferred. In either
system, the acid gas is removed from the effiuent stream in a first fraction by
contacting the effluent stream with an acid gas absorbent or adsorbent. Examples
of such absorbents or adsorbents include amines, potassium carbonate, caustic,
alumina, molecular sieves, and membranes, particularly membranes formed of
polysulfone, polyimid, polyamide, glassy polymer and cellulose acetate.
Solutions containing amines and caustic compounds are preferred, with caustic

compounds being more preferred. Thus, the first and/or second CO; removal



contacting the effluent streamw th an acid gas absorbent or adsorbent.
Exanpl es of such absorbents or adsorbents include am nes, potassium
carbonate, caustic, alumna, nolecular sieves, and nenbranes, particularly
menbr anes Wi 06/06657 pol ysul f one, pol yi mid, pol yam de, gl RETUSpeNsP4es27 and
cellul ose acetate. Solutions containing,.an nres and caustic conmpounds are
‘preferred, with caustic conpounds being nore preferred. Thus, the first
and/ or second CO2 renoval WD 2006/ 062657 PCT/ US2005/ 040527 12 medi um
optionally is selected fromthe group consisting of am nes, potassium
carbonate, caustic, alum na, nolecular sieves, and nmenbranes, particularly

menbranes forpraivaf o riéfw'i@ QBRcteBOkoth 'thél grol ¥er¥istie ol Anmés, AtisRRim and
cel lul ose acetate. [0044] " As indicated above, the first and second CO2

renoval nedi ucabomatef ematit,y alnoripas,i swleculdrx sigves, odndf meghbranet, spaticuladyist i c.

Wthout imting the present invepntion ta any specific mechanism the CO2
r enoval proceglaeg’(bfa“Fﬁ Omb"rdegtri’P?}fSH 8Bf | y‘P‘é‘H’bBP @’%‘{T’ t%aSSXCPPEY‘B? it

fol |l owi ng reaﬁéﬂu@m;&c%. + OH - HCO3 HCO3 + OH (03 -2 + H 20 [0045] For
pur poses of the present specification and the appended clains, "caustic,"”

wi t hout bei ng[0ddd] fi ed Ayg indieatedrabove, stherfirit and Yécond GO, nemonal anediwikal i ne
conpound in solytion, which is effective in renoving agj.d gas,.froman

ol ef i n- cont ai PrelRIaRlY FPTPRSE &(TRIXLYFE %?Slaé’g ﬁ?lemsiﬂ‘,‘ﬁg%tl &W“%ﬁ lamiting fheis

i ncl ude sodi ' p%ﬁe@ﬁi%i hd e r ' :

hydr oxi de. Pﬁ&@r‘ggﬁﬁl@?ﬁgn%gu tic C@%ﬁ%ﬁg&g@ﬁgﬁgzggﬁ&%ﬁ&%&ﬁg%}%e I ons
(OH+"), bi caplesemieentiosis(belvinad)to aociirdry thafdllmsangrdactiens{ CO3 2) . " Spent
caustic" means caustic that has |lost at |least a portion of its CO2 renoval
ability, e.g., a solution conprising bicarbonate ions (HCO3') and/or o
carbonate ions (C032). In COTHA AS - dresh.c I-c" means caustic that has-
substantially all of its CO2 re?mvzﬁ abiTity. 46] The rel ative anmount of
spent caustic and fresh caustic present in the first and second CO2 renoval
nedi uns is expressed herei HCO, HeOpE e——wei @, 7aH,0 of fresh caustic to
spent caustic, on a dry basis. These relative

[0045] For purposes of the present specification and the appended claims,
*“caustic,” without being modified by the terms “spent” or “fresh,” means an
alkaline compound in solution, which is effective in removing acid gas from an
olefin-containing effluent stream. Examples of such alkaline compounds include
sodium hydroxide and potassium hydroxide, preferably sodium hydroxide.
Preferably, the caustic comprises one or more of hydroxide ions (OH'I),
bicarbonate ions (HCO;™") and/or carbonate ions (CO3?). “Spent caustic” means
caustic that has lost at least a portion of its CO; removal ability, e.g., a solution
comprising bicarbonate ions (HCOs™) and/or carbonate ions (COs?2). In contrast,
“fresh caustic” means caustic that has substantially all of its C0, removal ability.
[0046] The relative amount of spent caustic and fresh caustic present in
the first and second CO; removal mediums is expressed herein in terms of a
weight ratio of fresh caustic to spent caustic, on a dry basis. These relative
amounts may vary widely between the first and second CO; removal mediums, as
well as between various embodiments of the carbon dioxide removal process of
the present invention.

[0047] In one embodiment, the first CO, removal medium comprises

greater than about 60 weight percent fresh caustic, preferably greater than about



anounts may vary w dely between the first and second CO2 renoval nediuns, as
wel | as between various enbodi nents of the carbon di oxi de renoval process of
t he presen d@é‘g&tl . [0047] In one enbodinent, the first CO2 renoval

nedi um con%vr zgﬁ%gat er than about 60 weight percent fridsHUS0YP40827
preferably greater than about WO 2006/ 062657 PCTI US2005/ 040527 -13 70

wei ght percent fresh caustic, and nost preferably greater than about 74

wei ght percent fresh caustic, on a dry basis. In ternms of upper range
limtations, the first CO2 renoval mediumoptionally conprises |ess than
about wei ght percent fresh caustic, |less than about 80 wei ght percent fresh
caustic or | edbweighthperbenttfregh canste,cind mest praferablyegrbaterathan about G weighty basi s.

tionally, the first CO2.renoval ., nedium conpri ses | ess than abo 40
i?gi g?t pe?/tc_erﬁer%e&é#@}b%’é{‘?’é’,“ "b&‘@fbérlé‘o;[?tq"@é? “Pﬂ?ﬁa%ﬁo]z@t%t@%ﬁ?'@ r5t|toer cent
spent causti g r spen
p cgggagg@@ ggéaflﬁﬁ ?@ﬁ%ﬁlgfc%?gam%?@&sélﬂ% abofit wikihg ?!:rc@fr‘t fe p

caustic, on a r range limtation the tirst CO2
renoval nedi ucaustd, ilessafhlay aboupBO yesghy rpeatent fteklarcaticwed tdss thanpaboue e spent

caustic, greater than 20 i ght, percent spent_cagustic_or_.greater than 24
wei ght percenWe’SBteﬂ?m@]éLfE‘i\gﬁ&a“ﬁW’ 2“&@’3’%555.0%?“ g Qﬁﬁ%&ﬁ?hs’??’@é’l deri ved
froman OTO r | ' ,,géq%r ki

conpri ses aboﬁteﬁ}g wei'g %glp;ggsr{glgﬁtaﬂél{tzgh C Jﬁf@éﬁgﬁgﬁg@ggt@,%ﬁ@?gﬂkﬁpemem
spent caust i cthah G630 weighe percent speait danstic, aikniost efef By tessrthanlabomdioum

optionally has a. weight ratio of fresh caustic to ent caustic,. on a dry
basis, of greWeight PeisFt SRR causticgon ﬁﬂrbbﬁ%f@f&wwéﬂé\é&rémeﬂwﬁm&t 2.3,
and nost pref e -alhout. ) I limts,
the f1rst Co2tF st SOf ity PaERCPhtoraly- odrridSe Hheflts WRACTO LRBER LT T
t o (spent causpércent eper causyichgieatar thah 20eseightmnceabspent davstic op gedhter iy | ess

t han about 3.%4 and nost preferabl,‘?/ | ess than about 3.2. It has nqow _ been

di scovered t h&t WEIEHE PEIFEnt Spent caistic s dpyn Hasy- ¢ Fpp 2. gEifient slgam denvgd 5 gry
basis, of ab Oyt L e a | | '

preferred forﬂ%er%novng) E:rgﬁlfg}nl %{%e%g{ef rqigér% gr(\gg uea!rlltSm g@?@a‘g&%ﬁalb%ed from
an OTO r eact i comprizgs tabont 7 veesght qieheentiifiesh icakticadrel] abait [ 25aweight pement r at i 0s

of spent and dry cauystic specified in the present specification are on a
dry basis. spent caustic.

[0048] In terms of ratios, the first CO; removal medium optionally has a

weight ratio of fresh caustic to spent caustic, on a dry basis, of greater than about
1.5, more preferably greater than about 2.3, and most preferably greater than about
2.8. In terms of upper range limits, the first CO; removal medium optionally has a
weight ratio of fresh caustic to spent caustic, on a dry basis, of less than about 4.5,

preferably less than about 3.7, and most preferably less than about 3.2. It has now

J

been discovered that a weight ratio of fresh caustic to spent caustic, on a dry basis,
of about 3.0 in the first CO, removal medium is particularly preferred for
removing carbon dioxide from an effluent stream derived from an OTO reaction
system. Unless otherwise indicated, all amounts and ratios of spent and dry
caustic specified in the present specification are on a dry basis.

[0049] In one embodiment, the second CO, removal medium comprises
greater than about 1.0 weight percent spent caustic, preferably greater than about
5.0 weight percent spent caustic, and most preferably greater than about 8.0
weight percent spent caustic, on a dry basis. In terms of upper range limitations,
the second CO; removal medium optionally comprises less than about 30 weight

percent spent caustic, less than about 20 weight percent spent caustic, or less than



[ 0049] In one enbodi nent, the second CO2 renoval nedi um conprises greater

t han about 1.0 wei ght percent spent caustic, preferably greater than about
5.0 wei ght percent spent caustic, and nost preferably greater than about 8.0
wei ght perg@joos@d; caustic, on a dry basis. In terms of pHpRRbasANEST
limtations, the second CO2 renoval nediumoptionally conprises I'esS than
about 30 wei ght percent spent caustic,-l4ess than about 20 wei ght percent
spent caustic, or less than WD 2006/ 062657 PCT/ US2005/ 040527 -14 about 12
wei ght percent spent caustic, on a dry basis. Optionally, the second CO2
renoval medi um conprises |ess than about 99.0 wei ght percent fresh caustic,
preferably | ess than about 95.0 wei ght percent fresh caustic, and nost

preferably |absyt thweighbpercegspentcaigics opa dexhasis. r @ptionatlysthe secopd CO-r y
basis. In terns of, lower range |im I Qn se removal. medi um
conpri ses gr 5PV Wﬁﬁﬁlgbcgﬁ?’pg?ﬁ tﬁg% %’ﬁ%’ %@?‘Eg%{bevfglﬁrﬁgggg#g& §F&EFer than
about 80 wei OlybfeRMIf B35 tharCatout 95.0tWdightGler@he e cAife) AAOHbstGRefRibint
percent fresh caustic, on a dry basis. For an effluent streamderived from

an OTO react i loss thynsabmt 92 Deweig eatfresheqaystig, on auldy hagisp rleftermagoflowenpri ses
about 90 wei ght Efl)ﬁrceﬁt fresh cacggb'c and ;about 10 weight percent. spent
caustic. [Oog‘@]lg .mgtg RS, gl yegon ., 2 FEO% B YRR giealeE hatq GBti onal Iy
has a wei ght7¢ @kight %ércéﬂt%‘é@h CAEE] %-eiter RS About BOSYdight et ﬁééhdéh%ﬂié, * of

| ess. t han about 9. nmore preferably |ess than about "19.0, and nost
preferably | esrsgrehtan theanoahout $85weight pencens foéshl canstic,ramgalryibasisat Foman t he

Spent caust | comen s dprived el an I iRnctof b, B¢ ackoa dCTeRRly b,
greater than ;@ ﬁ%alﬁ?@oﬁﬁﬁ&es%ﬁﬁ@(ﬁ%i@t ﬁérﬁ@ﬂt%esﬁ haistRDMabBup10 | U has

now been di scovere hat a werght ratio of fres caustic to spent caustic,
on a dry basiweightfpeatend sp@it Oaustict he second CO2 renoval nmediumis

Ger i ved 11 om DRSHT ot gt 8 Wik B seioha Gk tseval et fetorndihes ;o1 °Cp
removal nmedi Uit kiR SeReNcausi@td SIERY SlushE Gnldnd is, OF 1ds6 ¥t ke Spent

caustic in a water solution, in the ‘relative anourts i ndicated above.
| deal | y, ei t h2%.0,amotwoptiefarihly flesssthara abow d@dh dind@Rost rprefsably hasslithamsabonbpri se

about 80 wei g&% PR %eenr']r}s \3? g&/ér }anegeb]%nﬁarl]tlco%s, the second CO; removal medium

optionally has a weight ratio of fresh caustic to spent caustic, on a dry basis, of
greater than about 1.0, more preferably greater than about 5.0, and most preferably
greater than about 8.5. It has now been discovered that a weight ratio of fresh
caustic to spent caustic, on a dry basis, of about 9.0 in the second CO, removal
medium is particularly preferred for removing carbon dioxide from an effluent
stream derived from an OTO reaction system. T
[0051] In one embodiment, the first CO; remova! medium and the second
CO; removal medium comprise fresh and spent caustic in a water solution, in the
relative amounts indicated above. Ideally, either or both the first and second CO,
removal mediums comprise about 80 weight percent water, the balance
comprising the weight of the fresh and spent caustic in solution. In terms of
ranges, the first and/or second CO; removal mediums optionally comprise a
solution comprising from about 65 to about 95 weight percent water, preferably
from about 70 to about 90 weight percent water, and most preferably from about
75 to about 85 weight percent water, based on the total weight of the respective

first and/or second CO; removal medjums.
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conprising the weight of the fresh and spent caustic in solution. In
of ranges,
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the first and/or second CO2 renoval nediuns optionally conprise

-preferably fromabout 75 to about 85 wabght percent water, based on

total wei

oRBRRE Y 70" o about 90 et ght per cont wat GCT GHSRhE
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ght of the respective first and/or second CO2 renoval nediunms. WO

2006/ 062657 PCTI US2005/ 040527 -15 [0052] In one enbodinent, the first CO2

removal nediumis the sanme type
medium By "sane type," |

of solution as the second CO2 renoval
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Suc ihéast CODNeRlovEERediim: EoRaifoOhei sdme dmplonénte as #esecbyd €0, n
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sol ution. AQURQfferdfii MRo&Ek.UtSURRTONAmEVaE mediis ihrel dbnbidefedi 6YV@Btsam@ Can

Exanpl es i ncltypie, Inywongess, ifcthe firsh €04 removal| medivmaeamprases coustie angl the

ti et hanol am ne
nmonoet hanol arfiH

for acid gas absorption.

e ey

ether (DGA). rEinbesltmhatRufs Vel Heaifid@ffereaaPpdsange from about

et hyl
0.5 to about 8

nol es of ami ne per liter of aqueous sol ution. 6'[0054 Pi perazi ne and/ or
1

mofonet hyl et H8A3lani ne QOpiamally ceithepeor bathe the

r8iqaadusecerd feOsagemovans to

The aqueous JBRinPs Qomphsd BFAReobd wffis OERE, ARREIS Hihg SBhhhs IBEME™S " ol es
per liter of \xefifdyis fivehfiecarl &hodih afiplahdivd Enpsiind GaRnipondd §idtablet 1S

desirable to renove additionally

caustic sal t sfor aeidigas absseptinn. Gommides iprlude, byt prsanat dnitedl te, alkerclaminet,.
preferred enbs(l)lgl!l rTaIsa%éthgtpo'la?nnvl\{%t(‘f‘fSA\y,alsn%thsﬁcﬁahanolamine (MDEA); diethanolamine

(DEA); monoethanolamine (MEA); diisopropanolamine (DIPA); and
hydroxyaminoethyl ether (DGA). Effective concentrations can range from about
0.5 to about 8 moles of amine per liter of aqueous solution. _
[0054] Piperazine and/or monomethylethanolamine (MMEA) can be
added to aqueous amine solutions to enhance their absorption capabilities. These
additives can be included in the aqueous solution at a concentration of from about
0.04 to about 2 moles per liter of aqueous solution.

[0055] Following acid gas treating, it is desirable to remove additionally
entrained material, particularly entrained caustic salts, in the second CO; depleted
stream using a water wash. In a preferred embodiment, this water wash step
occurs at the top section of the CO, removal unit, €.g., in a third zone. It is
contemplated that a portion of the water used in the water wash may spill over
into the second CO; removal zone and/or into the first CO, removal zone causing
further dilution of the second and/or first CO; removal mediums. It is
contemplated that this water spill-over may caunse the second and/or first CO,

removal mediums to become diluted to about 95 weight percent water, the balance

entralned material, particularly entrained

In a



occurs at the top section of the CO2 renoval unit, e.g., in athird zone. It
Is contenplated that a portion of the water used in the water wash may

spill over into the second CO2 renoval zone and/or into the first CQ2
renoval zow® mweaisizéry further dilution of the second and/ pcThistas/ 04327
renoval nmediuns. It is contenplated that this water spill-over may cause

the second and/or first CO2 renoval nedifuns to becone diluted to about 95
wei ght percent water, the bal ance WD 2006/ 062657 PCT/ US20051040527 -16
bei ng the spent and/or fresh caustic in solution. Higher dilution |evels
shoul d be avoided if possible. [00561 Conditions in the first and second

the 1irst andiae wEabe llor sty RGP AU el e RRELR 4T 7

66C, prefer abdv)éﬁeﬂ%o%bﬁblﬁ 43C to about 54C. The pressure in the first
and/ or second CO2 renoval zones optionally ranges from about 1034 kPaa to
about 2758 kH&856lpr ef er@ondjtisnsoim thatfinat and sepord:Ox temgyel zoresiakvasy It i s

t | at ed, t hat, t th
ST Che Bl e v Bh onk bediien EE HehBeratlyd, Y 8 SRR SEORY RF o™,
order to facilehiRhigohBerabboréh abb@t 38°Cb absR eéecpl;ﬁfeﬁ?ablﬁtrbﬁﬁmohmd@ second

C2 renmoval zone. Preferably, this pressure differential between the first
and second CadR abmtbxﬁ&f’(?zoﬂ“hs presshrebin dre fingd anddsr sesond (h remod Bn8s kPaa to

about 68 kPaa. A-sim]|ar ess re dj enti a r rably exis bet ween
the second CCZPton éﬁ'“gffb r‘?§° 5126%‘%)%? Bhde a&%‘ﬁeﬁ S%agﬁaaggﬁéferaﬁagbgrﬂnl n
anot her enbodiymant 724 h@aawemohpmw KPAa2 [ donfevhtedMhéweved! HaeHRO| Y a
C2 renpval unit that is in fluid communication with an OTO reaction

system The q:ﬁ@ssumn\zhe seaond C@zrtpmosrelszomamillbp slightlOss thamdbepresswnés. By -

"exactly two" ant t hat t.he C y tWo_'
o remval 2B G oyl nelis oo SRR hE fobr S B S: BPGR ¢
conprise one @reafiPioPttR0HchhP T, feRRAIl %nezome@feraslﬂ tmsqxw@hf‘er difRpéntapne.

[ 0058] The CO2 renpval unit optionally conprises a first caustic wash zone

and a second bﬂws@n thevfirsh and secontheOgoamovatmpats wiil thepore ther aitdey of Mer

CPIPL] 220 2 Yl o¥Thy S o beEal s TR el B
betwcen the second CO; removal zone and the optional water wash zone.
[0057] In another embodiment, the invention is to a CO; removal unit,
preferably a CO, removal unit that is in fluid communication with an OTO
reaction system. The CO; removal unit comprises exactly two CO; removal
zones. By “exactly two” it is meant that the CO, removal unit contains precisely
two CO, removal zones, no more and no fewer, although the CO; removal unit
may comprise one or more additional types of zones, €.g., a water wash zone. | —~
[0058] The CO; removal unit optionally comprises a first caustic wash
zone and a second caustic wash zone. The CO; removal unit preferably further
comprises a water wash zone. A non-limiting example of this embodiment is
illustrated in Figure 1, which is discussed in more detail below. |
[0059] Figure 1 illustrates a two stage CO, removal unit, generally
designated 100, according to one embodiment of the present invention. As
shown, the CO; removal unit 100 generally comprises three zones: a first CO,
removal zone 104, a second CO, removal zone 126, and a water wash zone 132.
Thus, the CO; is removed from effluent stream 101 in two CO, removal zones.
[0060] In operation, effluent stream 101, which comprises greater than
about 100 vppm CO,, is directed to heat exchanger 102 in which the effluent



[00591 Figure 1 illustrates a two stage C02 renoval unit, generally

desi gnated 100, according to one enbodi nent of the present invention. As
shown, the | unit 100 generally conprises three . first C2
renoval zo‘n“eg)%’(gé(,s&ggﬁecond CO>2 renoval zone 126, and a maré?ﬁ@z@ﬂ%ﬂ?ﬁé 132.
Jhus, the CO®2 is renoved fromeffluent str.eam 101 in two CO2 renoval zones.
(0060] In operation, effluent stream 101, which conprises greater than

about 100 vppm CQ2, is directed to heat exchanger 102 in which the effluent
WD 2006/ 062657 PCTI US2005/ 040527 -17 stream 101 is heated to form vaporized
effluent stream 103. It is desirable to heat effluent stream 101 in order
to i nprove t heirepmolflcisdeated do form vaporzed ¢ffuertssirean t 03 s ftris desimble toheaknsur e

that the effluent strea 1 is.in vapor for Lo gt it rgduct i on
o the acp FERGVCATRA 100 iy ofiep g IABGis 4% ol bpacSintod of uf, PRSI

i ntroduced i nieabi 161 ahnsiRe il the E@RentldidtamPI @ Rriablapor Y&ﬂp?ﬁ&e% i f | uent
stream 103 is introduced into the bottom section of the first CO02 renoval

zone 104, as wmtroductioggote tha00s remeval unitd00.CO2  renoval zone 104, the

vaporized eff stre 103 is.directed. in.an upward . dir ion due to a
ni ni mal presstﬂﬁgﬁji ffer?#P?%edﬁiﬂmﬁu?%“?ﬁsslmeﬁfeﬁ &%8?5?‘9@5%%?&?"3 4 and
the second COZeeltRY Hrefefibly, VaForiA2 EMicaPitvoand 1 0355 iMPeiuc8dRYa the Hotidgn 104
includes a plurality of pldtes 105, as shown, sieves and/or packing. The

pl ates 105, sseetios ofitl first Ghkiemgvalzone (164, BGhomanopdn extrie inte £irstdtO4 o

i ncrease the surface ar f a first renpva di, u ich is

i ntroduced i nfe('i“otvﬁgz?l?‘? éﬁg’d%ﬁ VAPt a?fﬁg‘cg)‘ﬁes i/q:’g?ﬁ fhﬁ@t"l i ap popiaed ¢ ¢ o
C2 renmoval zgpeulR4naNd i hehkw c?reﬁweomﬁefehﬁam&aea; RO AR IO RnidVal

vapori zed effluent stream 103 and the first CO2 renoval nedium [0062] As
t hel vapori zedzafef 104emd tierseeondGOe semovahizongp26.d Pdiferably; dimst C€Ox cemagval he

first CO2 renoval on 04 d.con S e first CO2 renpval ..nedium a
lrst porti onsdi Kfanekdss s PREHE BhRRIS DSras bR Fisves BARY ety fbam ¢ o
forma first GksdeB! bR 188/0R BBk qﬂsme{ﬁhwavz@emlaeeﬁiﬁaeﬁmﬂ@ut 0.5
to about 200" vppm . The first depleted streamis directed through

one or nore spfosays dAAENCO; omavsbmeding, véudhisuwtyoduetd ito tedust:€Os t he
first O rerrtclljﬁlo%lal ch%lae 1 Aﬁifj {igemlg],%ns g%@& 68;? rérﬁg\?ay azloné qﬂg a}xa 6thereby

improve the contacting between the vaporized effluent stream 103 and the first

CO; removal mediuom,
[0062] As the vaporized efﬂuer;t stream moves in an upward direction
through the first CO, removal zone 104 and contacts the first CO, removal
medium, a first portion of the CO; is removed from the vaporized effluent stream
to form a first CO; depleted stream, which preferably comprises from about 0.5 to
( about 200 vppm CO,. The first CO, depleted stream is directed through one or
' more openings 106 in tray 115 (one is shown), which separates the first CO,
removal zone 104 from the second CO; removal zone 126.
[0063] As indicated above, a first CO, removal medium is introduced into
the first CO; removal zone 104 via line 113. The first CO, removal medium
moves in a downward direction in the first CO; removal zone 104 due to gravity
effects. A portion of the first CO; removal medinum may collect temporarily on
the plates 105, sieves and/or packing as the first CO, removal medium travels in a
downward direction. Ultimately, the first CO, removal medium, which preferably
comprises caustic, accumulates in the bottom of the CO; removal unit 100, as

shown by first caustic pool 107.



[ 0063] As indicated above, a first CO2 renoval nediumis introduced into
the first CO2 renoval zone 104 via line 113. The first CO2 renoval nmedium
noves in a dowmward direction in the first CO2 renoval zone 104 due to
gravity eWezios/os25porti on of the first CO2 renoval nedi porrEgesekeet
tenporarily on the plates 105, sieves and/or packing as the first CO2
renoval mediumtravels in a downward di t&ction. U ti mately, the first CO2
renoval medi um which preferably conprises caustic, accunulates in the
bottom of the CO2 renoval unit 100, as shown by first caustic pool 107. WO
2006/ 062657 PCT/ US2005/ 040527 - 18 [00641 The caustic in the first caustic

pool ™ 107, whi npris a m.xt f LG...oleferably
is withdrawn ﬁir?lggft he e?%%%gf{hgrﬁrgc?g{;ﬁi{lﬁpg?ﬁ,ﬁgﬁ%g a e%%nnﬂgg"%y punp
109 to form pyrpesh milspaincadélic, %Ffweraﬁysg WithdriaWntfiein the SO, eahigial Gnipe0d 107

al so may conprise a mnor anount of "red oil," defined herein as a m xture

of hydr ocar boviadsepédSeamd puannedydpimp 6 én umepumppeshisieeam 110. The paustier r ed

that the red Qil, b epar.at ed, f.r.am q p rior «racyehing of
t he agueous pﬁ'a_b@ $§§Fﬁ'§ufdb°°$fm? h%w%}a?tg sreemﬁf’lp%ﬁgmléﬁ rggall ’he first
Cx2 renoval naeidéd hebéthSas’ £ mktire JTIWRYSTarboiBYorhfsrivneNaiTHlde] @Bnd¥nkdle t he
aqueous phase in the first caustic pool 107 making this separation

difficult. Pprdeetabltys prefereshibatthomed il be stparated the mecons phasegmioe of a

liquid/liquid, hydrocy ne, not shown., Vortail -pr | i quid/liqui

hydr ocycl anestFEICIBE A 100 RHPYS RESFLD Hscfop A8 (05, eh COnRLHAIEPEANY 210 | <
di vi ded into gl €0, febval medfunfalhid e AN hoelir ﬁiaff@ﬁﬂ%@nﬁisicﬁﬁﬁltﬁ‘lo-

[ 00651 The disposition of the waste caustic stream 111 depends on the

amount of sul ther agueonsaphuiselgn dosvfioth waustichprtol W67 englrieg dhis seperstion diffisuient
stream |If the effluent stream.c ri ses a reci abl e anoynt. of .
sul fur - cont ai ATIEPRo b SFRRLSIOR (e Sikaro ey B BF asisfanse of; # naidlianidn ai n
sul fur-contaig d}gcy&&{@%d%ho%ﬂ. t h%rtﬁﬂslﬁand"’?‘lﬁlﬁdl‘l\iahﬂr B/dE&FBlondsl are
preferably is burned in a spent caustic oxidizer, not shiown. The effl uent

st r eam pr ocespanticdledy muefaged.o Ahshovon, emunpedi straant 160 is Wivided into pr whsteabl y i s
derived froman QIO rea { on Sﬁfttem 1 Unl i kg 6n ef fl uent stream derived from
a steam crackf’“’l"rlj’tlg§t§‘:f”é‘h1f icﬂ’@%l q\l;eéac.eé,trf:?rﬂ AP- streams do not conprise an
appreci abl e aygyesj the $HbdidpositidhafihBGvaste caustic stream 111 depends on the

amount of sulfur-containing compounds that were present in the effluent stream.

If the effluent stream comprises an appreciable amount of sulfur-containing
compounds, the waste water stream 111 will also contain sulfur-containing
compounds. In this case, waste water stream 111 preferably is burned in a spent

caustic oxidizer, not shown. The effluent stream processed according to the

present invention, however, preferably is derived from an OTO reaction system. .
Unlike an effluent stream derived from a steam cracking system, OTO derived L
effluent streams do not comprise an appreciable amount the sulfur-containing
compounds. Accordingly, if the effluent stream is derived from an OTO reaction

system, waste caustic stream 111 will not contain an appreciable amount of sulfur-
containing compounds. In this case, waste caustic stream 111 advantageously

may be directed to a waste water treatment facility, not shown, without being
processed by a spent caustic oxidizer. |

[0066] . The first recycle stream 140 preferably is heated in heat exchanger

112 to improve the viscosity and other fluid flow characteristics thereof. After

heating, the first recycle stream 140 is combined with caustic make up stream 122,

which preferably contains a greater amount of fresh caustic than the heated first



conpounds. Accordingly, if the effluent streamis derived froman OTO
reaction system waste caustic stream 111 will not contain an appreciable

anount of 5 ntai ni ng conpounds. In this case, wa L ream
Y ddnes et

111 advantageously nay be directed to a waste water tre y, not
shown, w thout being processed by a spelt- caustic oxidizer. [00661 . The
first recycle stream 140 preferably is heated in heat exchanger 112 to

i nprove the viscosity and other fluid flow characteristics thereof. After
heating, the first recycle stream 140 is conbined with caustic nake up

stream 122, which preferably contains_a greater apount of fresh caustic
than the heat®eysl§ stegamaAGcodpms thestirsbeer (o) that 13 ntrogdeed) iBtost r eam

140, to form &St V. i h IS¢l ' e first
Cop' removal o BRETEO, reial S0 Bla YR SETHS" Fhe kol WHAH BE R abdteSpald® |
stream 122 i sypéftash 122 khdddiettbehddiedstirst Rcyet strain £40mmbtGeontrdledagnt r ol | ed

by flow control device 139 to ensure that the first CO2 renoval nedium has
a desired weflgficontenlidsvise 189 doensurg they the figst (Lo remoxglgppdiunmhis ardesifgd at e of

the first CO2  r gl ' I ' 3 HAY n I hth flow
control devi c‘é’elgﬁqﬁaf{‘%[ %gg'%&lgéﬁsﬁﬁﬁﬁc Féed&%%%e,f@hgggi@%t E”E@f g‘%;t)\ll&e(?’ed
stream i s dirggioRal foe@itim thieugh lisé 1992nsy 68 \Bhiralsiewili41dw dohifobeeqas CO2
renoval zone 126 through opening 106 in tray 115. Upon entry into second

C2 renoval zble 126, the first 02 depleted streamis directed in an

upward directj due to,a.m.ni.npl, press | fierentia t.ween, t.he second
o removal 2 WBBTH56 aoAS O i TR 5 o0 HaBer P 1 HESEL ISR, °C0o
removal zone @GhiktnCOJdemoRalPzdtieal 04 Jo fHe ki €0, 1R movabz&IROWE tirbeMES
and/or packing. The plates 118, sieves and/or packing in second removal

zore 126 act epeningckUasdrayhld 5s ioacentariate sseond SO¢ smpovabronekidy the finsedi um

which is i ' h oo | 26 via lj 124, |
the' second acb Ok draetel et 55 SRR bR Serf e Bl Bfssbrnen
the first CO2JgRAINGHIELEIHEESHY 2B6hd 06, 7686V 26RL 126 3R Me Wakdk Wikh EORO8L As

the first CO2 depleted stream noves in_an ugzwa_rd direction through the
second CO2 r ebd dPrefevabdy,1seeonddO¢ semenal gonehB 6sincludes Tplaralitynof platesntd@j um  a

second porti Ol s%%w%h Se\%cs)z ani or rp?u: ﬁllngLé 8&1&% SI éiééets and/or %g&ligé ﬁldsecond
CO, removal zone 126 act to increase the surface area of a second CO; removal
medium, which is introduced into the second CO; removal zone 126 via line 124,
in the second CO, removal zone 126 thereby improving the contacting between

the first CO, depleted stream and the second CO, removal medium.
[0068] As the first CO; depleted stream moves in an upward direction
through the second CO, removal zone 126 and contacts the second CO; removal
( medium, a second portion of the CO; is removed from the first CO; depleted
| stream to form a second CO, depleted stream, which preferably comprises less
than about 0.5 vppm CO;. The second CO; depleted stream is directed through
one or more openings 127 in tray 128 (one is shown), which separates the second

CO; removal zone 126 from the water wash zone 132,

[0069] As indicated above, a second CO; removal medium is introduced
mto the second CO, removal zone 126 via line 124. The second CO; removal
medium preferably moves in a downward direction in the second CO, removal
zone 126 due to gravity effects. A portion of the second CO, removal medium
may collect temporarily on the plates 118, sieves and/or packing as the second

CO; removal medium travels in a downward direction. Ultimately, the second



streamto forma second CO2 depleted stream which preferably conprises |ess
than about 0.5 vppm CQ2. The second CO2 depleted streamis directed through
one or nore openings 127 in tray 128 (one is shown), which separates the
second COYOR80A63¢57z0ne 126 fromthe water wash zone 132PCT/OSEDF/ 0527

I ndi.cat ed above, a second CO2 renoval iumis introduced into the second
CO2 renoval zone 126 via |ine 124. The seécond CO2 renoval nedi um preferably
noves in a downward direction in the second CO2 renoval zone 126 due to
gravity effects. A portion of the second CO2 renoval medium may coll ect
tenporarily on the plates 118, sieves and/or packing as the second CO2

removal medi o cr% Fey@laP mddidn dﬂmewg:rrslfeﬁhbnye@émgﬂseswahstfmtaeémuhteg ongefnd VO
2006/ 062657 PCT1 US2005/ 040527 C02 removal nmedi um which preferably

conpri ses caudbi ey shavem byl secend eavstie gpol 115, Cap Wigoninimyzes dbodawowart i ¢ pool

117. Cap 116 ni zes f the seco Q0 di um
t hr ough openi%" °?9?Fgﬂtfﬁ@°?f5r‘§‘?‘&‘ t%rqu&ﬁbqupmgg\g)g af)éd;l?q”ﬁle?ér e
cont enpl at ed cdjpvaﬂwaa Zohé 103, PPhd b&ﬂe&maﬁﬁcmwev&awlac?meh oflsecomy
overflow into opening 106 and enter the first renoval zone 104. [0070]
The caustic |musttn@®éddﬂdnqaemﬂmeolopmmg Mi6i anid enterpthe Set GO, remaval e of
fresh and spent (ia stic, preferably is withdrawn fromthe second C02
renmoval zone 2#9810#a Iine 119 and punped by punp 120 to form punped stream

121. As showngpmyjnped Sf‘ﬁee@msiiglm'tﬁe%t‘!drﬂﬁgadsﬂég)o@l q34S LhfchNBdifipridds 54 F eam

122, discussed above, and a second recycle stream 141. The second recycl e
stream 141 apixitwsaif Iﬁ;csh sn&uepﬂrﬂatamsmcapwéaablgxs Iwathgmml( fromn théeewondt@D; npr ove

the viscosity and , oth fl uj hara eristi reo er the
opti onal heatTFRgvakaRaed26 aiing L MEPSRPELEY pivap (120 e fsfihpimird fean r o5
caustic streafmlak iHowdl ﬁﬁxgﬁg@stréaﬂﬁﬂaﬁ%hhé‘d & a Eé‘xﬁﬁkf%akélﬁkeshwmquzt he *.

second recycle stream 14 formthe second r enoval diumthat is
i nt r.oduced i nliscussed aboegradd @GRcond Tesiale stomam 14]126ic|sacdnd1ec)ﬂdﬂstréﬁhel4] ow rate

O e eecon o Bl T Lhs Ul L 124 e, sonroll oty (I

Ir g\ésgf Ie?nst ? @hﬁ%rh%d;@ﬁe éPﬁ ac t?thrfesr ﬁ%@ia%ﬁéﬁthl%nbﬁﬁt héaﬁng,dﬂﬁdsécemfecond
recycle stream 141 is combined with a fresh caustic stream 123 in order to
increase the CO; removal ability of the second recycle stream 141 and form the
second CO; removal medium that is introduced into the second CO, removal zone
126 via line 124. The flow rate of the second CO, removal medium through line
124 may be controlled with flow control device 125.
[0071] In a preferred embodiment of the present invention, the flow rate of
the fresh caustic 123 that is added to second recycle stream 141 as well as the flow
rate of the caustic make up stream 122 are controlled in order to provide desirable
compositions in the first and second CO; removal mediums. For an OTO derived
effluent stream, the first CO, removal medium preferably is maintained at a
weight ratio of fresh caustic to spent caustic, on a dry basis, of greater than about
1.5 and less than about 4.5, more preferably greater than 2.3 and less than 3.7,
even more preferably greater than 2.8 and less than 3.2 and most preferably about
3.0. The second CO; removal medium preferably is maintained at a weight ratio
of fresh caustic to spent caustic, on a dry basis, of greater than about 1.0 and less
than about 99.0, more preferably greater than about 5.0 and less than about 19.0,

even more preferably greater than about 8.5 and less than about 9.5, and most

preferably about 9.0.



rate of the caustic nmake up stream 122 are controlled in order to provide
desirable conpositions in the first and second CO2 renoval nediuns. For an

OrO deri veq,V E\Jg%%gq stream the first C02 renoval nedi U%th%&%@?dsé,f Idfy

mai nt ai ned a wel ght ratio of fresh caustic to spent causti

basis, of greater than about 1.5 and |esis than about 4.5, nore preferably
greater than 2.3 and less than 3.7, even nore preferably greater than 2.8
and less than 3.2 and nost preferably about 3.0. The second CO2 renvoval
medi um preferably is maintained at a weight ratio of fresh caustic to spent

caustic, on a dr¥ basi s, of greater than about 1.0 and |ess {han about
99.0, nore pré0dehply gAsdpdicaled AO¥LIhE sscandaGE2 |dspistednsirpamh sy diradded,  even

reteranly abiur BE3bahE CbeiRab el B SR aagRy 78 332 i o Bt ™!
i ndi cat ed aboyg7. Thepapes e heRvaaaplahedns i B2 antoi remove ey estraihéddaublie second
CO2 renoval zone 126 to the water wash zone 132 via opening 127. The

pur pose of t healtsdfram thesrspondfr@: depletpd sirepm. cWpo ety inkhwatsr Wash zonesk32e  salts

fromthe second COR et,e r pen | t ne. 132,
t he second ed%"‘ﬁf”éf@%f‘?@ﬁ%isgl%g#r gc&é%f?ﬁ%n{%ﬁh{}}ﬁ\%/a% @{CF@@'? iragﬁqauae to a
mini mal  pressyfifingl bfRsio difMreial bervrech e Walef wadlR 86he? 32antBihe dVerhch®
overhead stream 138. Preferably, water wash zone 132 includes a plurality

of plates 131ptrepsn 13%hobnsferahly matenwaghmongddkinsdudesaplyphtyeS plaes 13, eves

and/ or packing_ in water h_zone t,Q,1 RCr ea he surface area of
the wat or.  wnrip et AL a08RE, i od REGT IR Vacking VAR Te,
in the vater vwashzeNE32lact th Medreds¥ thd BIHERY ang dfBe GRIrashidhts iskadeed t he
second CO2 depleted streamand the water. The water that is introduced into

t hel wat er wasinte dhrewae washzenehBy visolipe i13@sin the wWatasrvwashzene a2 gherghyl/ or

boil er feed water. . 73 . the second COR | et t.ream es i.n an
dpvar d di rect PRV rreRiE S ER e s S Sl MR

i ntroduced by The Reatdr3fat is GRir6RIcEBE thitd AWS Waker Sdsh FoA ¢32 preTaBly édmprisee second
CO2 depleted streamto form a washed second CO2 depleted stream The water

washi ng it thdeminetalizodwiater gndlor h@ler fepdswvaten substantial ly affect the anount
of 02 in the apapnd. CORRRLELR] 6! A6 Hedahl RGOk in b GpiBRGaREEONd O2
through the water wash zone 132 and contacts water introduced by line 136,
entrained caustic salts are removed from the second CO; depleted stream to form
a washed second CO;, depleted stream. The water washing it the water wash zone
132 does not substantially affect the amount of CO; in the second CO; depleted
stream. Ultimately, the washed second CO, depleted stream is yielded from the
CO, removal unit 100 via overhead stream 138, which preferably comprises less
C than about 0.5 vppm CO;.
[0074] As indicated above, water is introduced into the water wash zone
132 via line 136. Preferably, the water moves in a downward direction in the
water wash zone 132 due to gravity effects. A portion of the water may collect
temporarily on the plates 131, sieves and/or packing as the water travels in a
downward direction. Ultimately, the water accumulates on tray 128, as shown by
water pool 130. Cap 129 minimizes the downward flow of the water through
opening 127 and into the second CO; removal zone 126. It is contemplated,

however, that a portion of the water may overflow into opening 127 and enter the

second CQO, removal zone 126.



co2 rermval uni t 100 Vi a overhead stream 138 V\:hl ch preferabl y corrprl ses

| ess than about 0.5 vppm CO2. [0074] As indicated above, water is

i ntroduced into the water wash zone 132 via line 136. Preferably, the water
noves in WWRhEs;di rection in the water wash zone 132, ty
effects. ngortlo%%of the water may collect tenporarily o%ﬁie(ﬁgﬁlof *s 131,
si eves and/or packing as the water trawels in a downward direction.
Utimately, the water accunulates on tray 128, as shown by water pool 130.
Cap 129 mnim zes the dowmward flow of the water through opening 127 and
into the second CO2 renoval zone 126. It is contenplated, however, that a
portion of the water m%‘ overflow into opening 127 and enter the second C02

rﬁm)val zone [99F] I1to %UMWW?@?/MG@@ whueh inglodes/ dissobred caustic I [ 00751
T 130
Absor bed f 1 0P EbegEg ity el Rr e A HEcsRn BB RIOR SO SRR £ 7 o

the water washe %aie wadk 26he132 VR 14 JANhdpuRRd dpxﬁﬂmss%fdrﬁlﬁlﬁﬁ pedgounped
stream 142. As shown, punped stream 142 is d| vided into a water recycle

stream 144 asrcmtam 1Was tAs shawes punpesksireanc] 42Tis dividedsinto ec\gacﬂre'e@tdeeﬁrmm4 i s

conbined wt fresh water strea ich is ed to the rove the
caustic salt ! re*fﬁ.‘}v%lI‘"’aéﬁﬁl‘i"ﬁ't[3 stggam E}é}wj{h@w HaBGY ?18 S?"ﬁﬁmvxgﬂ nefl e 132
and formthe Mﬁﬁ%rﬁ?sﬁtfvﬁﬁff‘sﬁéﬁﬁ 133, Wdhoﬂuﬁﬂ@d'tﬂttﬂetlﬂﬁrd%tﬁé dyaate e 132
via line 136. The flowrate of the water through [iné 136 nmaybe controll ed

with flow conemovalabilityef fR7vatef ﬁtlﬁéé]to the watet wash mmddﬂrmdtfomnﬂmwatment i on
|stoasystemfor renp n dioxide fro fl stream
conpri si ng grsé”&f“@r ?H%H‘“&’Bg‘éﬁd@ ewwaﬁgé %ﬁ‘aj HS%OEI ﬂr‘?@“?vstem
preferably | rgpgag ?tlﬁ- etm rﬁée)%@&ﬁﬁ%lleémﬁl%v% OgS{nEé!‘?ﬁ‘i i on,

di scussed in nore tal ove system conpri ses a renoval unit ¢
havi ng exact |[@076jo CO2 Imeamﬂmi' ezﬂmdumenBythé énaotidly ig tood systern for reamiving hat t he

C02 renpval unit eC| renoval re_and no
fewer, alt hOLF@FPO(“Hg e%zr}f%ﬁm tStrFPé‘} cemﬁﬁ%egrﬁﬁtﬁrea‘aﬁc?&ﬂ“i b@lf’ot ypes of

zones, e.g., g ”“?h 3 fé ‘{ﬁ& Jeiknk FocBREQHF LY Of
theCOZfromthe efpvggnt S reaefntof r I COZS pleteg sctream e.g.,
t he the present invention, discussed in rnore detall above. The system comprises a

COz removal unit having exactly two CO; removal zones. By “exactly two™ it is
meant that the CO; removal unit contains precisely two CO, removal zones, no
more and no fewer, although the CO; removal unit may comprise other additional
types of zones, e.g., a water wash zone. The CO; removal unit removes a majority
of the CO; from the effluent stream to form a final CO; depleted stream, e.g., the
second CO, depleted stream, discussed above. The final CO; depleted stream
comprises less than about 0.5 vppm CO,, preferably less than about 0.4 vppm, less
than about 0.32, less than abeut 0.2, or less than about 0.1 vppm CO;.

[0077] Preferably, the CO, removal unit is in fluid communication with an
oxygenate to olefin reactor. For example, the CO, removal unit optionally
receives the effluent stream from a water absorption column, and the water
absorption column receives the effluent stream from a quench unit, and the
quench unit receives the effluent stream from the oxygenate to olefin reactor.
This embodiment is discussed in greater detail below with reference to Figure 2.
[0078) As discussed above, the CO, removal unit in this embodiment
preferably comprises a first CO; removal zone and a second CO; removal zone.
A first CO; removal medium is added to the first CO, removal zone and a second

CO; removal medium is added to the second CO, removal zone. The first CO,



second CO2 depl eted stream discussed above. The final C02 depl eted stream
conprises less than about 0.5 vppm CO2, preferably |less than about 0.4 vppm
| ess than , less than about 0.2, or less than -1 vppm C02
100771 Pr ef"g‘?g R‘}?’“?ﬁe C02 renoval unit is in fluid com*ru%p@éi%@ﬁﬂowsgﬁ an
exygenate to olefin reactor. For exanplezzthe CO2 renoval unit optionally
receives the effluent streamfroma water absorption columm, and the water
absorption colum receives the effluent streamfroma quench unit, and the
quench unit receives the effluent streamfromthe oxygenate to olefin
reactor. This enbodinent is discussed in greater detail below wth
reference to Rimpevabmediung hazeieight uhe of Sregducaublin/te spericanstic ofgrertenithamit in

this enbodi f er abl i fi oo 1. | d d
e oroval " T S8 FOE ek 365 e Sah B YRlonf26, AL "
removal zone ﬁ%iﬁﬁ%&%id@ﬂﬂ%ﬁicmm'eﬁt@ﬁﬂﬁ@of dahi® tRBCsHd: CO2

removal zone. The first 2006/ 062657 PC1/ US2005/ 040527 -23 renoval
medi um has a W) gt lessathap abbutf $B6hom auky besis.o Is s embadisnent, b figsteG@er t han
about 1.5 and | ess,thgan about 4.5,  on a dry.basiks,. and.the second.

emova o R mEdlhes gRtonalites et ati AL R ANSHE FEmEREGISHF o of
greater than ;e&thala-&o%dd S5 ekt Ban aeut 3.9 pfiferstly rélitdr (has aBout!2)g t hi s
enbodi ment, the first CO2 renoval mediumoptionally has a weight ratio of
fresh causti c ahdlespthan abanii.cThe secogndE0e remdvahmedom optichallydias 2 weighban
about 3.7, prefer reat er than about. 2.8 nd .| ess .t han about 3.2. The
second CO2 reﬁﬁ@a&b%ai%ﬂﬁ“&d?i%ﬁglqak}sqﬁg great aboi“hSiOoa‘@f%?srtE%rha%st icto
spent causti c 1gf bout 19.0,
oreferably greats R0 ot (BCitoufs 3 ol fesy B3 2. 00 [0079] Al t hough

t he(‘p'r ovi ded ¢0679)ent swAlthanglcdne peovidedi effidertr sireamngan berdeeived dwoal aspur ce
that contai ns carbqn dioxide, the invention_is, Egrt lcularly. well-syited for

r enovi ng car.bﬁﬂnYﬁ_“HRl? SORFEnihat coptains rF—"-F!’@Hft dipyxid ﬂ’é‘f’l“i"ﬁ@f‘ﬂn &Pgﬁ?ﬂl rived
froman OTO T eagldftBd Rfr.(}&%@ing'c&&ﬁ%i&&&@ﬂbﬁ%toléﬁn-éﬁhﬁmi Gl Streh)

ef fl uent stream contal ning carbon di oxide 1's obtalned by cContacting an
oxygenat e- contdved figmfandd$Oaekctinint processroleone embadiment ofithdd insention] an

reaction processes will now be descrjbed in gregter detail. C. THE
OXYGENATEpTO p@mﬁ@qngﬁeﬁgéom e 1S ob?ame by contac%ng an oxygenate-

containing feedstock with a molecular sieve catalyst. OTO reaction processes will
now be described in greater detail.
C. THE OXYGENATE TO OLEFINS REACTION PROCESS

[0080) The carbon dioxide removal process of the present invention is

ideally suited for removing carbon dioxide from an olefin-containing effluent
stream derived from an OTO reaction system, although it is contemplated that the
(7 carbon dioxide removal process may be utilized to remove carbon dioxide from an
effluent stream derived from other types of reaction systems
[0081]) A non-limiting list of possible reaction systems in which the
processes of the present invention can be implemented includes: catalytic
cracking, hydroforming, phthalic anhydride, maleic anhydride, Fischer-Tropsch
synthesis, vinyl acetate, acrylonitrile, ethylene dichloride, chloromethane,
polyethylene, and polypropylene. As used herein, “reaction system” means a
system comprising a reactor, optionally a catalyst regenerator, optionally a
catalyst cooler and optionally a catalyst stripper. Since the OTO reaction process

is preferred, the OTO reaction process will now be described in greater detail.



[ 0080] The carbon di oxi de renoval process of the present invention is

I deally suited for renoving carbon di oxide froman ol efin-containing

effluent streamderived froman OTO reaction system although it is

cont enpl at WD 209a4062652 car bon di oxi de renoval process nay PEE/URM05/08e527t O
renove carbon dioxide froman effluent ?érean1derived from ot her types of

rTeaction systens [0081] A non-limting Ifst of possible reaction systens in

whi ch the processes of the present invention can be inplenmented includes:

catal ytic cracking, hydroform ng, phthalic anhydride, maleic anhydride,

Fi scher-Tropsch synthesis, vinyl acetate, acrylonitrile, ethylene

di chl ori de, pd 0Rape! hafes preRi8 OTOCRGeticH Hrd2flsy B MBLEIRE siche dd&?ﬂ:t herein,
"reaction sys means a ‘system conprising a reactor, optionall

cat al yst regecempdsition Bpisednakiiglyae thea¢caivytsiomcﬁ)ﬂheroxagdlatqo¢ompminﬂ§s) ao

catal yst stri per I nce t Qro r roce Is preferred, the OTO
reaction proc S];%t Wieg S noI\ﬂF’BE' B%d’i“?el "l ﬂe éétlaé'ﬁt GRTRPTitOR\EODPESSH BB 657
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(5 l§os .
nol ecul ar sieve catalyst ~ conposition s used to catalyze t e eersmn of
t he oxygenat e(mpmﬂé@dartsmevel cagdlystolaed particuladgadesipable fin snt:lh eoui:mmﬁl eve
cat al yst conposition conprises an_ alum na or a silica-al \l;g.\ na cat al

conposi tion. BTqCP@G%IQﬁ?ﬁ%pWSX G dighly vaeniﬂ & formatipe\af ethylgne an ar e

particularly | e,
hi ghly sel ect ﬂﬁ%&feﬂ@t hé‘ o “rr%{lmg%m\éf ﬁgfeéﬁggwmgg‘ﬁ%ﬁéﬁvi%&l Imting
list of prefecabpésittiGnend&cSARO-K, MMB@SMO—M;CSF&B@BISL 8AP0-a4, theles

SAPO- 17, SAPO 18, SAPO 34, SAPO 35, SAPO-44, the substituted forns thereof,
and i xtures swhstinged foomsfthersef, ind mpjxtuses thererk, Psfesably, dha miojeculag SieNesi t i on

S o, Sapo AR BB 8t e L pdibbie SRl D1 005 g0 e i, ©

SAPO- 35, SAPCcaisistinfPSE STAPCAR(BAPO-8,SAREOAN, SAPO-1G,, SEPOIA4SABORS, 47
SAPO- 56, AEI/CHA int e)sayowt hs, netal containi forns_thereof, intergrown
forns ther eof SARRM204 SARQ:31, SARQB4, SA9u33p, ﬁa%’@e”édsS&B@ ¥ a$APO-40).r ect ed

to an OIO rea E:W y t t gErHE
al i phati c- con$ '48 SW (J%j?ﬁ@c‘kp/asslEj #'@h(@d o § nes ﬁéa%%ﬁ&ﬂ“m&npounds
for exanpl e ahfiedve@Einikelonne thetdtd, iafrEown! fofmatiertst, 8l ikEures thereof

[0083] The feedstock that is directed to an OTO reaction system optionaily

—

contains one or more aliphatic-containing compounds such as alcohols, amines,

carbonyl compounds for example aldehydes, ketones and carboxylic acids, ethers,

halides, mercaptans, sulfides, and the like, and mixtures thereof. The aliphatic

moiety of the aliphatic-containing compounds typieally contains from 1 to about

50 carbon atoms, preferably from 1 to 20 carbon atoms, more preferably from 1 to .
10 carbon atoms, and more preferably from 1 to 4 carbon atoms, and most |
preferably methanol.

[0084] Non-limiting examples of aliphatic-containing compounds include:
alcohols such as methanol and ethanol, alkyl-mercaptans such as methyl
mercaptan and ethyl mercaptan, alkyl-sulfides such as methyl sulfide, alkyl-
amines such as methyl amine, alkyl-ethers such as DME, diethyl ether and
methylethyl ether, alkyl-halides such as methyl chloride and ethyl chloride, alkyl
ketones such as dimethyl ketone, alkyl-aldehydes such as formaldehyde and
acetaldehyde, and various acids such as acetic acid.

[0085] In a preferred embodiment of the process of the invention, the

feedstock contains one or more organic compounds containing at least one oxygen



hal i des, nercaptans, sulfides, and the like, and m xtures thereof. The
aliphatic noiety of the aliphatic-containing conpounds typically contains

from1l to shevdeswoeftsgarbon atoms, preferably from1l to 20peqfRomsalsyys. nore
preferably from1l to 10 carbon atons, and nore preferably from1l to 4

carbon atons, and nost preferably nethakol. [00841 Non-limting exanples of
al i phati c-contai ni ng conpounds include: alcohols such as nethanol and

et hanol , al kyl -nmercaptans such as nethyl nmercaptan and et hyl mercaptan,

al kyl -sul fides such as nethyl sulfide, alkyl- am nes such as nethyl am ne,

al kyl -ethers such as DMVE, diethyl ether and t hyl et hyl et her, .
al kyl - hal i desaietieh Bs thesmept Pé?fg’a?qe s Hn@{thgﬂe ﬂa%PBQCP P?a‘FlK?ﬂtlonkéb%nes

such as i et BibedskanSne ddithoRLARRMEE R AR AaoRL HENAR ALt .

acet al dehyde, vari ous acl ds such~as acetic acl
enbodi ment of akcblkolp wiees sheoklighlatic inmietytofothe dldvholEehaisfronk 1 aordlatarborone or
nore organi ¢ conpounds containing at | east one oxygen 2006/ 062657

PCT] US2005/ 048091, preferablyotiom  lntq 4 catben aipnas.cmdo@oEmetsrabdndrom 1ttt process
o oRee o0, iy AP Gl e P RS ST BRSO 0

al cohol s, pre | al'co atrc noiety of the

al cohol ('s) hagmctudeTover strazght @Ad besmchel ¢hizin aliptatie akbhols afd thelr dnsatu@atedr bon
atons, and nost preferably froml to 4 carbon atons., The al cohol s useful as

f eedst ock in eountgspte Nomimiting ¢xauwinsi ofioxygengtasdecipds faethanelaethanola nd

branched chaipn_al I phat | o] i S S.
Non-limting 3&03%{]5@@%&%1@) %&‘(@’g@%@? {a%ﬂ?ln%ﬁuﬂfg%(ﬂgtﬁgﬁﬁ%t ﬂ%ﬁgﬁosgﬁafﬁérbpanol ,

i sopropanol , fhinaldehfdd) ydineihyE carbbvite, dingdthyll ke@tbigracetid abiRip R Pixt@eher ,

f or pal dehyde, di nmethyl carbonate, dinethyl ketone, acetic _acid, and m xtures

thereof. in tHeraebsin frecmestiselfcaeheabadinient. the fediack cRmprssapne sesashe or
nore of met haf‘%'ﬁ@m?‘;elg‘%@ ol , d%ﬁ]@égﬁ{m §f§85m$fna&o§ﬁg}é'[o?at i on t hereof.

[ 0086] The val ocks arscu above are converted primarily into

one or nore ofgpRENS. Thehelafibis feedstotlef HiRcuRePABEve ReOshifRfled PRl
feedstock typically have from2 to 30 carbon atons, preferably 2 to 8 carbon
atons, nore pinsé ongeirymore: elefing arllbe rolefinsner, olsfin) mongimers mredusedfigmthe o 4

carbons  atong..40d Mptlanky e RRhY2 & B8 GRGorPARER! pREGRNCE S 8 carbon

atoms, more preferably 2 to 6 carbon atoms, still more preferably 2 to 4 carbons
atoms, and most preferably ethylene and/or propylene.
[0087] Non-limiting examples of olefin monomer(s) include ethylene,
propylene, butene-1, pentene-1, 4-methyl-pentene-1, hexene-1, octene-1 and
decene-1, preferably ethylene, propylene, butene-1, pentene-1, 4-methyl-pentene-
1, hexene-1, octene-1 and isomers thereof. Other olefin monomers include
( unsaturated monomers, diolefins having 4 to 18 carbon atoms, conjugated or
nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins.
{0088] In a preferred embodiment, the feedstock, which ideally contains
methanol, is converted in the presence of a molecular sieve catalyst composition
into olefin(s) having 2 to 6 carbons atoms, preferably 2 to 4 carbon atoms. Most
preferably, the olefin(s), alone or combination, are converted from a feedstock
containing an oxygenate, preferably an alcohol, most preferably methanol, to the
preferred olefin(s) ethylene and/or propylene.
[0089] The most preferred process is generally referred to as an
oxygenate-to-olefins (OTO) reaction process. In an OTO process, typically an

oxygenated feedstock, most preferably a methanol- and ethanol-containing



[0087] Non-limting exanples of olefin nmonomer(s) include ethylene,

propyl ene, butene-1, pentene-1, 4-nethyl-pentene-1, hexene-1, octene-1 and
decene-1, preferably ethylene, propylene, butene-1, pentene-l1,

4- et hyl - pWaG 2006062657 hexene- 1, octene-1 and i soners ther eeCTIGRMBH40828f i n
nononers include unsaturated nononers, diolefins having 4 to 18 carbon
atons, conjugated or nonconjugated di endd; pol yenes, vinyl nononers and
cyclic olefins. [00881 In a preferred enbodi nent, the feedstock, which
ideally contains nethanol, is converted in the presence of a nol ecul ar

si eve catal yst conposition into olefin(s) having 2 to 6 carbons atons,
preferably 2 : th | -Qne or
Combi nati on. eastod i hheTS: thiateenBt GF Eoioliar st cXallish oomhpodiah
preferably anintd coreolor fReé ¢lefiisr pieforabint Aad opredomirahtly, rtilener adder ef i n(s)
et hyl ene and/ or propyl ene. [0089] The npst preferred process is generally
referred to aproamenegfgaed tehergingsdighhalefitrO) reaction process. In an OTO

Gt hanol - cont alT0ol Vo 2§8% AGASKEE inFF ShRGuSlctorbhis b B thofs SRR °
converted in Hhgallyanedas refuce el @mbéiiatioh ifethe Aeadstédk. C THP Qlubat8hre | Nt O
one or nore olefins, preferably and predom nantly, ethylene and/or

propyl ene, regeneraly nan-reactiventoathe| feegdsiock| arfmeleculpsigne catalyst eampasitign. i n one
enbodi ment, cgntains one or .nor bl uents typj.cal |y used. to reduce the
concentrat | onﬁéflﬁ%‘ﬁ“g e%’E?E%PA?ﬁ( .O?T%«luegfﬁ daslyde i’gk&mgeﬁg?rél PAFogeh- Fgﬁfﬁ'i ve to
the feedst ockpRnofiBE,CEatbeH dfdxed; WakA|exSdntialyRORirtActive pabiffind I(Bipktialy

exanpl es of diluents include hel'ium argon, nitrogen, carbon nonoxide,

car bon di oxi delkanestsach as swthane a¢thyneyend prepant)y essentially norsregctivecaromiatiy _

al kanes such as net hane,, et.hane, .and_.pr. ane%}t, esse ti@l.li/ non-reactive -
aromatic confUBRRRNOs. i Fixtures theepf, JAie mogt.p t?rglpfl Neats &% WAFLARYs are

water and ni hiRGe) witht WatdPbeingbeirieulRay toréfetrad.! YinP btk ehtddinidhtLter
enbodi ments, the  feedstock doeS not contain any diluent. [0091] The dil uent

may be used efeetistock dpes notl cpriteineny dilventor form or a conbinati on thereof.
The dil uent i Li her added.directly to feedstock enterin i nto a reactor
or added di ref:q[ﬁ?/fi nt o i'g? gé‘??‘?}rr,na%#é’dﬁ‘g&‘ Tt "aﬁﬂ’dll WLt X i#QUB’ ora

combination thereof. The diluent is either added directly to a feedstock entering

into a reactor or added directly into a reactor, or added with a molecular sieve
catalyst composition. In one embodiment, the amount of diluent in the feedstock

is in the range of from about 1 to about 99 mole percent based on the total number

of moles of the feedstock and diluent, preferably from about 1 to 80 mole percent,

more preferably from about 5 to about 50, most preferably from about 5 to about

25, In one embodiment, other hydrocarbons are added to a feedstock either -
directly or indirectly, and include olefin(s), paraffin(s), aromatic(s) (see for |
example U.S. Patent No. 4,677,242, addition of aromatics) or mixtures thereof,
preferably propylene, butylene, pentylene, and other hydrocarbons having 4 or

more carbon atoms, or mixtures thereof.

[0092] The process for converting a feedstock, especially a feedstock
containing one or more oxygenates, in the presence of a molecular sieve catalyst
composition of the invention, is carried out in a reaction process in a reactor,
where the process is a fixed bed process, a fluidized bed process (includes a
turbulent bed process), preferably a continuous fluidized bed process, and most

preferably a continuous high velocity fluidized bed process.



catal yst conposition. In one enbodi nent, the anount of diluent in the
feedstock is in the range of fromabout 1 to about 99 nole percent based on

t he total %Qﬁ{ﬁ%ﬂ;g.’ nol es of the feedstock and dil uent, BE'@}U%@%O'YI%BOWDN

about 1 to e percent, nore preferably from about 5

preferably fromabout 5 to about 25. Inypne enbodi nent, other hydrocarbons
are added to a feedstock either directly or indirectly, and i ncl ude
olefin(s), paraffin(s), aromatic(s) (see for exanple U S. Patent No.
4,677,242, addition of aromatics) or mxtures thereof, preferably
propylene butyl ene, pentylene, and other hydrocarbons having 4 or nore
carbon atons, [M93}i xt ur %etmmtmf propmesz]caﬁr takepplecedn o wariety mfeeatalyce a
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fixed bed process, |ze bed process (inclfudes a turbulent bed
process), pr eteactod,riser (remtmmuand; the likeli z8witdbdal comzotess] rmadontypies are

preferably a cont ou fl cess 062657
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the like. Sui tai | e conventlon | reactor types are described in for exarrpl e
U S. Patent N&ully tatasl by Jeterenss ent No. 6, 287,522 (dual riser), and
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[0095] In the preferred embodiment, a fluidized bed process or high
velocity fluidized bed process includes a reactor system, a regeneration system
and a recovery system. The reactor system preferably is a fluid bed reactor
system having a first reaction zone within one or more riser reactor(s) and a
second reaction zone within at least one disengaging vessel, preferably comprising
one or more cyclones. In one embodiment, the one or more riser reactor(s) and
( disengaging vessel is contained within a single reactor vessel. Fresh feedstock,
preferably containing one or more oxygenates, optionally with one or more
diluent(s), is fed to the one or more riser reactor(s) in which a zeolite or zeolite-
type molecular sieve catalyst composition or coked version thereof is introduced.
In one embodiment, the molecular sieve catalyst composition or coked version
thereof is contacted with a liquid or gas, or combination thereof, prior to being
introduced to the riser reactor(s), preferably the liquid is water or methanol, and
the gas is an inert gas such as nitrogen.
[0096] In one embodiment, the amount of liquid feedstock fed separately
or jointly with a vapor feedstock, to a reactor system is in the range of from 0.1

weight percent to about 85 weight percent, preferably from about 1 weight percent



velocity fluidized bed process includes a reactor system a regeneration
system and a recovery system The reactor systempreferably is a fluid bed
reactor systemhaving a first reaction zone within one or nore riser

react or ( s) wanzhoeos2serond reacti on zone within at | east onecdnsRNGAIINY
vessel, preferably conprising one or nofre cyclones. In one enbodinent, the
one or nore riser reactor(s) and disengdging vessel is contained within a
single reactor vessel. Fresh feedstock, preferably containing one or nore
oxygenates, optionally with one or nore diluent(s), is fed to the one or
nore riser reactor(s) in which a zeolite or zeolite- type nolecul ar sieve
cat al yst conmpQsjl. . | | Shdpler G
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being introduced to the riser reactor(s), preferably the liquid is water or
met hanol , andcontainedysherein. afhe diguid gad wpen feedstocks gge pPrefrrbbothe samee
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percent to ab@ih tfPsan® grdiffereniCcEhient. pref erably from about 1 wei ght percent
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the total weight. of t f eedst L.hel udin n il ue opt ai ned t herein.
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contal n varyi gideftai stmfald?fg Wik aSédkRd Gholdtdlaesiend citegsisésififositivrl int he
sanme or different diluent. [0097] The feedstock entering the reactor system

i s pref erabl ythequeferred gmbogdumnent,dyclpnets) mithiny thei disengaging vessel arecdesignedne i nt o

ff t t _ent the di i . .al i t ked' -
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separating the catalyst conpositions
from the gaseous effluent include the use of plates, caps, elbows, and the like.

[0098] In one embodiment of the disengaging system, the disengaging

system includes a disengaging vessel, typically a lower portion of the disengaging

vessel is a stripping zone. In the stripping zone the coked molecular sieve catalyst
composition is contacted with a gas, preferably one or a combination of steam,

methane, carbon dioxide, carbon monoxide, hydrogen, or an inert gas such as
argon, preferably steam, to recover adsorbed hydrocarbons from the coked -
molecular sieve catalyst corhposition that is then introduced to the regeneration

system. In another embodiment, the stripping zone is in a separate vessel from the
disengaging vessel and the gas is passed at a gas hourly superficial velocity

(GHSV) of from 1 hr! to about 20,000 hr? based on the volume of gas to volume

of coked molecular sieve catalyst composition, preferably at an elevated .
temperature from 250°C to about 750°C, preferably from about 350°C to 650°C,

over the coked molecular sieve catalyst composition.

[0099] The conversion temperature employed in the conversion process,
specifically within the reactor system, is in the range of from about 392°F (200°C)

to about 1832°F (1000°C), preferably from about 482°F (250°C) to about 1472°F



fromthe gaseous effluent include the use of plates, caps, el bows, and the
like. [0098] In one enbodi nent of the disengagi ng system the disengagi ng

system i ncl‘yg%oﬁ;)%gﬁengagi ng vessel, typically a | ower p%ré%ﬁh@??%fgmh%ﬁed

di sengagi ng  vessel "is a stripping zone. In the stripping

nmol ecul ar sieve catal yst conposition isagontacted with a gas, preferably
one or a conbination of steam nethane, carbon dioxide, carbon nonoxi de,
hydrogen, or an inert gas such as argon, preferably steam to recover

adsor bed hydrocarbons fromthe coked nolecular sieve catalyst conposition
that is then introduced to the regeneration system |n another enbodinent,
t he stri ppi ng(&HRE),imoreprefemblydfiremn abowAL2PF {297C) eabout $23JHGTHYO)etel and
the gas is passed at.a,gas hoyrl IGlal vel ocity, of froml hf'
Foabout 20" ogthresabBaon st sPE U ta BoR Dl G SRRl ecul ar
si eve catal ysamﬁefgae&&ébm@rﬁon?rﬁoﬁf hyE aB569C)C ke UBHRA 11 1PFPRIORPLY Gnédst OM 250C
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t he conversio cess, ,specifically within the,reactor system is in the
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di l uent therein. Tyzﬁ:{o(:% he conversion pressure enployed in the process
is in the rand&adfo 150y 0.1 kPaa to about 5 MPaa, preferably from

about 5 kPaa ggl?gout 1 HRa%eighP hawbr tF@k@f %laabé(g?ﬁﬂy’ﬁ?@\ﬁé?)?gﬂ%kﬁag to

about 500 kPa 1011 The weight ho(r sSpace articularly
in a process prouess dorveonveriipgaa ffesidgick ddontzimingi oriengr moze oxygmates axnythenat es
'n the presence of a molecular sieve catalyst composition within a reaction zone, is
defined as the total weight of the feedstock excluding any diluents fed to the
reaction zone per hour per weight of molecular sieve in the molecular sieve
catalyst composition in the reaction zone. The WHSV is maintained at a level
sufficient to keep the catalyst composition in a fluidized state within a reactor.
[0102] Typically, the WHSV ranges from about 1 hr” to about 5000 hr”,
preferably from about 2 hr'' to about 3000 hr”', more preferably from about 5 hr'
( to about 1500 hr”', and most preferably from about 10 hr”! to about 1000 hr'. In
one preferred embodiment, the WHSV is greater than 20 hr'', preferably the
WHSYV for conversion of a feedstock containing methanol, DME, or both, is in the
range of from about 20 hr' to about 300 hr™.
[0103] The superficial gas velocity (SGV) of the feedstock including -
diluent and reaction products within the reactor is preferably sufficient to fluidize
the molecular sieve catalyst composition within a reaction zone in the reactor.
The SGV in the process, particularly within the reactor system, more patticularly
within the riser reactor(s), is at least 0.1 meter per second (m/sec), preferably
greater than 0.5 m/sec, more preferably greater than 1 m/sec, even more

preferably greater than 2 m/sec, yet even more preferably greater than 3 m/sec,



presence of a nol ecul ar sieve catal yst conposition within a reaction zone,
Is defined as the total weight of the feedstock excluding any diluents fed
to the reaction zone per hour per weight of nol ecular sieve in the

nmol ecul ar Wi0ea@6/062687al yst conposition in the reaction zoneCT/USz0sbIRE2T S

mai ntained at a level sufficient to keep the catal yst conposition in a
fluidized state wwthin a reactor. 10102T Typically, the WHSV ranges from
about 1 hfl to about 5000 hf', preferably fromabout 2 hr-' to about 3000
hf1, nore preferably fromabout 5 hr4 to about 1500 hf1l, and nost
preferably fromabout 10 hfl to about 1000 hfl. In one preferred

enbodi nent, t PSS eat h f a0 f
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velocity (S of the feedstock includi ng di | uent and reaction products
within the r bNoj §9/7081788 afiled Newember 802000y which is heseintineorperetsdibyar si eve
catal yst conmpgsition within a reaction zone in the reactor. The SGV in the

process, partrle ﬁffng?‘ly within the reactor system nore particularly wthin

the riser reqol@)(s). iORE ptiRRsses ForlcdivbRinglRBY oBReAMNe sLl 8§ tethaBbEer abl y
greater than 0.5 nisec, nore preferably greater than | nfsec, even nore

preferabl y gresteemeneaiefin(s) ssing aywoleanlarsiens:catalyss fcompobijion aemdescribetan 3
m sec, WO 2006/ 2005/ 040527 _ - nd _nost pref erabl reat er
than 4 nisec.mﬁgé%? éfdoﬁiﬁ%a@&ilﬁgqgiﬂ/%@&gpwgye A Cté‘_ﬂbﬁ a%é"i&?ﬁ%ec (18
s 1S Dref iy SaRiodObRIHILE at ki 173! WHictARD hicfeh ifbrporel by No-

09/ 708, 753, filed Novenber 2000, which i$ herein incorporated by
reference. 10kfesdncex her processes for converting an oxygenate such as

met hanol to or nore olefin(s) usi a | ecul ar si.eve t al yst

conposi tion a@gﬁﬁescri acorﬁlﬁg o Wl%gg‘%’ |°P§Y13é'§}°$\p?fal§, Péﬁ’(ﬁy
(propane redustibamidte N nMSnNYs fFodh B0Wet %f REISWATK, CXBRENE 18 fandthet east
1.0), which is herei'n Tncorporated by reference. [01051 According to one
enbodi ment, tdémbadimersrthe condrsiom ef prathanol/is foom G2t % toc%ywt Yogreferably i s
from90 wt %to W, % -Accqrding to another enbodinment the conversion of
met hanol is fﬁ%%givtv%t@/ @3"19}8 W % preferably

[0106] According to another embodiment, the conversion of methanol is
above 98 wt % to less than 100 wt %. According to another embodiment, the
conversion of methanol is from 98.1 wt % to less than 100 wt %; preferably from
08.2 wt % to 99.8 wt %. According to another embodiment, the conversion of
methanol is from 98.2 wt % to less than 99.5 wt %; preferably from 98.2 wt % to
99 wt %.

[0107} The oxygenate to olefin process forms a substantial amount of
water as a byproduct. Much of this water can be removed by cooling the olefin
stream from the oxygenate reactor to a temperature below the condensation
temperature of the water in the stream. Preferably, the temperature of the product
stream is cooled to a temperature below the condensation temperature of the
oxygenate feed for the oxygenate to olefins process. In certain embodiments, it is
desirable to cool the product stream below the condensation temperature of
methanol.

[0108] A quench column is one type of equipment that is effective in
cooling the olefin stream from the olefin to oxygenate reaction process. In a
quench column, a quenching fluid is directly contacted with the olefin stream to

cool the stream to the desired condensation temperature. Condensation produces a



from94 w %to 98 wt % [01061 According to another enbodi nent, the
conversion of nethanol is above 98 wt % to |less than 100 wt % According to

anot her e Lhe conversion of methanol is from?9 %, 1 ess
t han 100 W@?%@Bﬁé’?ably from 98.2 wt %to 99.8 wt % Ai?(j{ﬂg?ﬂ“ mt"'@SZZnot her

enbodi nent, the conversion of nethanol .gs-from98.2 wt %to |less than 99.5
w % preferably from98.2 wt %to 99 w % [0107] The oxygenate to olefin
process forns a substantial anount of water as a byproduct. Mich of this
wat er can be renoved by cooling the olefin streamfromthe oxygenate
reactor to a tergerature bel ow t he condensation tenperature of the water in
the stream Peerdensgd yater penttiningestigemly whish is lalsogefemgd do ag @rheavy bsttewsl ed to

a tenperature _bpelo he, condensatd nperat ur.e of t 0, nat.e feed for
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to cool the pRdsirhcts coRAMA ReAPYdri@doaper ffall, 0Thé ev@Beal Vapor Grearigs hanol .
[0108] A quench columm is one td%/pe of equi pnent that is effective in

cool i ng the origh iimolafineprodvat.oand: ¢sa alsocfantain somg wywaenatedr amredusts 3srwelbss. | n
h | ' fluid.i ' t | tacted with th | efi
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wat er containing stream which is also referred to as a heavy bottons
stream The okeildensqgomateprconfainihg the dtavy botbwos stream edrthe equencts calumapor , and

exits the quench colu as an over head .vapor, strea The over head vapor
Streamis  ri RS YA EPPAHEHTER el caoied, ¢ 8nbyiabea sichpedend oo
byproducts as jyedtbd back 4 Be: queRch sM1EMNOXY SEPRTGFEIMRARURodimeftab iR

di oxi-de. [0109] In one enbodinent, the quenching fluid is a recycle stream
of the condemyed coaling medmmafromrag cuittidesoayae ibtet the querchreolmm falthbeghyitienc h

colum. This water .cantai ni streamis desirably cooled, e g. y.a heat
exchanger, an®®; % 98%'@3’?%&%%6‘ PHEr af%ﬁag nc?ﬂ‘%ﬂﬂ‘?“?l‘fo"f% SS?%’F@BHB& in
this enbodi meghedc Bflmn.i Nj €ct cooling medium from an outside source into

t he quench col'um, although it nay be desirable to do so in other
separ ation eqi@id®knt dovimos¢ patiovlef embadiment of the invention, the quenched olefin

stream is further processed by compression, preferably multi-staged compression.
Two, three, four or more stages can be used, with two or three stages being
preferred.
[0111] Preferably, the olefin stream is compressed to a pressure that is
greater than that at which the oxygenate to olefin reaction process is carried out.
Preferably, the olefin stream is compressed to a pressure of at least about 30 psia
(207 kPaa), more preferably at least about 50 psia (345 kPaa), most preferably at
( least about 100 psia (689 kPaa). High pressure ranges are particularly preferred,
with the upper limit being a practical one based on cost of design and ease of
operation. Practical high pressure limits are generally considered to be up to
about 5,000 psia (34,450 kPaa), with lower limits of about 1,000 psia (6,895
kPaa), about 750 psia (5171 kPaa), and about 500 psia (3447 kPaa) being
increasingly preferred.
[0112] The compressed effluent stream then preferably is directed to a
water absorption column, In the water absorption column, the compressed
effluent stream contacts a water absorbent, preferably comprising methanol, under
conditions effective to selectively remove some water and some oxygenates such

as acetaldehyde and acetone from the compressed effluent stream. In this



guench colum. [0110] In one particul ar enbodi nent of the invention, the
quenched olefin streamis further processed by conpression, preferably
mul ti-staged conpression. Two, three, four or nore stages can be used, with

two or thregoshe@rsssei ng preferred. [0111] Preferably, tp@r,ggﬁg‘oﬁ,@mgyeam
is conpressed to a pressure that is greater than that at which

oxygenate to olefin reaction process i's ¢8rried out. Preferably, the olefin
streamis conpressed to a pressure of at |east about 30 psia (207 kPaa),
nore preferably at | east about 50 psia (345 kPaa), nost preferably at | east
about 100 psia (689 kPaa). Hi gh pressure ranges are particularly preferred,
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selectlvely renove sone sone oxygenates suc as ace yde and

acetone from tddditioasiridsiadioniof b déstillation eelomnl n this 1 WO 2006/ 062657
PCT/ US2005/ 040527 . -32 enbodi ment, a weight majority, of the ethyl ene and
propyl ene fronfihy conﬂﬂ%@ﬂ‘béﬂﬂmﬁfﬂ?tmﬁ%opsaF@&S’Wr"é&‘q gthyleng ang
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e.g., acetald are’r covere I'n a secon He first

fraction will hgofifye oowhe habsstbed ®iygendtendi ithe provided aoldﬁﬁtstﬂehmt wal sl urm,
and the second fraction will be a bottgons fraction or addjtional side
fraction of a Wpamted(ina seondofraghion. [Rrefezpblynthsfasicfrpionwilk costain pb least
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oxygenat es i n profrablyoatiled aueR59%, siid @81 prefekabdeat least about 95%.
[0114] The first fraction also will contain a weight majority of the carbon
dioxide that was present in the compressed effluent stream. Accordingly, the first
fraction, or a portion thereof, preferably is directed to the carbon dioxide remoyal
unit of the present invention, described in detail above, for removal of a weight
majority of the carbon dioxide therefrom to form a CO; depleted stream.
[0115] Following carbon dioxide removal, it is desirable to remove
additionally entrained material, e.g., entrained caustic salts, in the CO, depleted
stream by contacting the CO; depleted stream with water in a water wash, which
preferably is integrated into the carbon dioxide removal unit, as described above
with reference to Figure 1. This contacting is particularly advantageous when
water absorbent, e.g., methanol, from the water absorbent column carries over into
the first or overhead fraction.
[0116] This invention further includes an optional drying embodiment. In
this embodiment, a solid or liquid drying system can be used to remove water
and/or additional oxygenated hydrocarbons from the CO, depleted stream.
[0117] In the solid drying system, the ethylene and/or propylene having
been separated in a first fraction, and acid gas treated and water washed, is

contacted with a solid adsorbent to further remove water and oxygenated



separated in a second fraction. Preferably, the first fraction will contain
at least about 75% of the ethylene and propylene in the provided ol efin
stream nowa 2006/662657abl y at | east about 85% and nost preperabiossadosteast
about 95% [0114] The first fraction also will contain a weight majority of
the carbon dioxide that was present in he conpressed effluent stream
Accordingly, the first fraction, or a portion thereof, preferably is
directed to the carbon dioxide renmoval wunit of the present invention,
described in detail above, for renoval of a weight majority of the carbon
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€. g.. entrai ngthredksicre fifad bads coftalries SGRtaboti adsorbénteam by contacting the
CO2 depleted streamw th water in a water wash, which preferably is

i ntegrated i nf318he carAdsorpli@xisdsciud farvamoningtlow goneeatrationseef waterand wi t h
reference to Fi qur his,contactdng is.particul Ly ;advant ageous when
wat er absor be??f)%e’éﬁa‘i}ly‘#gfﬂgﬂ%ﬁ’ an fgﬁh@lﬁ@g&geg%@@!}%g ca%’(?fliuﬂ}??%yri es
over into thgotf hérblall9"bed ¥ahbeadd b raeig @her [tchifdnt THiseenisnV PréfefiBly, Uit her

i ncl udes an optional drying enbodinent. In this enbodinent, a solid or
li qui d dryi ngadspeheatrsyséem bised sasdparb of dhisviaveritosr hasanwltiple adsprbergnbads.
oxygenat ed hmgf carbons fromthe.COP depleted stream 17%‘& n the solid
Grying. syst on Pt BRRAISRO R Eifimogs SERFEE WA B nsed boplimi it o
first fracti ofhe pROsafR pbittatt tpdold AB6kbERL effor\éﬁ&ﬁ@é;iﬂéﬂu@ecwdasg&teﬂlwth a
solid adsorbent 'to further renove water and oxygena_ed WO 2006/ 062657
PCTI US2005/ 04tpixally 088 bed iy arclint ome thed ve regenaraled offeling, anthe thitd bedisi on
pro(teess pr ef erg&hg is carried out in one or nore fixed beds containing a
sui'tabl e sol i ¥rbent. [0118] Adsorption is useful for rempving | ow
concentrat i onfqy) wat er Tﬁ@glgecmcyame%@ sONd oP GalidRONRd iRRRe h@dorbeAMBYdNg
oxygenat ed hydrocar bons tha ma%/1 not nornally be renoved by using other
treat nent sysdepends Rnethsr fyley , ofanontamyantse heing yremwvedis e Examplsaref eflid hi s
i nvention has [.tipl E’ adsorbent bheds Mul t i g{ e beds allow for continuous
separati on w {FGIRth fﬁ&%’&"‘ﬁl&rwg‘ﬁmﬂ{lﬂﬁgﬁﬂagm A e O ERTBOTYSy BfenBt ate the
sol i d adsor beggygehfted 8¥dBRABond shdPabisbiRAt RQHdS YSIIQI® altmiiias Ailica, BASOEd 'S
on-line, one bed is regenerated off-line, and a third bed is on

- nm) molecular sieves, 4A (0.4 nm) molecular sieves, and alumino-silicates. Beds

containing mixtures of these sieves or multiple beds having different adsorbent
solids can be used to remove water, as well as a variety of oxygenated
hydrocarbons.
[0120] One or more adsorption beds can be arranged in series or parallel.
In one example of a series arrangement, a first bed is used to remove the smallest
(' and most polar molecules which are the easiest to remove. Subsequent beds for
removing larger less polar oxygenated species are next in series. As a specific
example of one type of arrangement, water is first selectively removed using a 3A
(0.3 nm) molecular sieve. This bed is then followed by one or more beds
containing one or more less selective adsorbents such as a larger pore molecular
sieve, e.g., 13x and/or a high surface area active alumina such as Selexorb CD
(Alcoa trade name).
[0121] In another embodiment, the first bed is 2 3.6A (0.36 nm) molecular
sieve capable of selectively removing both water and methanol. This bed can then

be followed by one or more 13x or active alumina beds as described above.



stand-by. [0119] The specific adsorbent solid or solids used in the

adsor bent beds depends on the types of contam nants bei ng renpoved. Exanpl es
of solid adsorbents for renoving water and various pol ar organi c compounds,
such as axp2eRALe@7 hydrocarbons and absorbent |iquids, igeEishosddasdnas,
silica, 3A (0.3 rim nolecular sieves, 4A (0.4 rim nol ecul ar sieves, and
alum no-silicates. Beds containing m xBéires of these sieves or nultiple
beds having different adsorbent solids can be used to renove water, as well
as a variety of oxygenated hydrocarbons. [0120] One or nore adsorption beds
can be arranged in series or parallel. 1n one exanple of a series
arrangenent, a first bed is used to remve theginall st and nost pol ar

mol ecul es whil®l22Zhr e t hdheadsabent; beds canpe opgrated: at amblepb trnpemature Iy i ng
| arger | ess d ot | dﬁ%‘"ﬁ" Ific i
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a 3A (0.3 nRegemdrativon af tht eieorbditi mateeidlsi sart bencdrribd wuechybxomvemtionalnor e
beds containing one or nore |ess selective adsorbents such as a | arger pore
mol ecul ar s mesthodsdnejuding Sseatmment oyithha siregm of ardiy dnert gas suoh ascnitipgem #a such
as Sel exorb de nane). [0121] In another enbodi nent, the first
bed is a 3.6 e(vat'(eé‘%&?ﬁeﬁ%tﬁﬁ%l ecul ar sieve capable of selectively renoving
bot h wat er arjg123t hanolln tHdh liguidedtyinarsysteai) a watet abscrbad ibysah o fndwer e 13x
or active alum na beds as described above. i WO 2006/ 062657 L

PCTI US2005/ 020ser Arom 3he finsh fraptiom:h he yadersbserbpateancdmanyeligpd effeetiveaid anbi ent

or Gownwar a #PogY e Sl e b BIPER e P RTerbill b SonesBorbolels sl /P

out by convengiigfptevidlBhiRg&iisdc! uding treatnment with a streamof a dry .
inert gas such as nitrogen at elevated tenperature. [0123] In the liquid :

dryi ng syst edP12]wat er Pagfsmabbye ihe plefinsfzemtthe adspspiéon hedscpontaingless than; r st

fraction. The t bsar n. b fquid ef tive in r vi,ng wat er
froman ol ef iahg@t fdeoa%ppfyr g%ge&’a §e p??@l%&m !eegs %0 ‘Efgﬁtfol PP ag@ﬁ@ost
preferably less than 1 wppm. Preferably, less than about 10 wppm oxygenated

hydrocarbons are present in the stream leaving the adsorption beds, more
preferably less than about 5 wppm, and most preferably less than about 1 wppm.

[0125] After drying, the CO, depieted stream is directed to a separation

system for separating the various comiponents contained in the CO, depleted

stream, particularly ethylene and propylene. Such separation systems are well-

known and are described, for example, in pending U.S. Patent Applications Serial

Nos. 10/124,859 filed April 18, 2002; 10/125,138 filed April 18, 2002;
10/383,204 filed March 6, 2003; and 10/635,410 filed August 6, 2003, the -
entireties of which are incorporated herein by reference.
[0126] Figure 2 illustrates an OTO reaction system, which includes a CO;

removal unit according to the present invention. In the figure, an oxygenate such

as methanol is directed through lines 200 to an OTO fluidized reactor 202 wherein

the oxygenate is converted to light olefins and various byproducts which are

yielded from the fluidized reactor 202 in an olefin-containing stream in line 204,

The olefin-containing stream in line 204 optionally comprises methane, ethylene,

cthane, propylene, propane, various oxygenate byproducts including CO,, C4+

olefins, water and hydrocarbon components. The olefin-containing stream in line

204 is directed to a quench unit or quench tower 206 wherein the olefin-



as that previously described. 101241 Preferably, the olefin fromthe
adsorption beds contains | ess than about 100 wopm water, nore preferably

| ess t han eapioesdéesopm and nost preferably | ess than lppppReEsfEer abl y,
| ess than about 10 wppm oxygenated hydrocarbons are present in the stream

| eavi ng the adsorption beds, nore prefe¥ably |ess than about 5 wppm and
nost preferably |less than about I wppm [0125] After drying, the CO2
depleted streamis directed to a separation systemfor separating the
vari ous conponents contained in the CO2 depleted stream particularly

et hyl ene and pr lene. Such. s ration.systens are Il - .. ng, ar e
described, fo °"g§ Isﬁfarpr‘}ﬁg@ﬁg%ﬁglg&)%@ Igﬁae erA&%‘l ?t@%triegwbp é’\é}ﬁalelgﬁaglel\los.
10/ 124, 859 fi t@dpdNehtslarcl€ondéfed; 10/ 125,138 filed April 18, 2002;

10/ 383, 204 filed March 6, 2003; and 10/635,410 filed August 6, 2003, the

entireties of [(R7kh ar eTheeendsosedtcomponents,whigh cemprismwater] 2y Méthdrpgure 2
Illustrates ap OTQ reactjon s whi ch .i ncl udgs renoval . unit
according to _ﬁ'ﬂl@ greeg‘é‘?ﬁc iﬁ?&’gﬁ?@g%‘f“ﬁ ?lebo Pﬂ'ﬁr ne 28983(%88%8 gﬁ.xth? as
met hanol is digfiehRd é&iﬁﬁ&ﬂhts'dr@&%cé)?c@& tiRodgh RO FHoubslikz & theetspt OF tid2
wherein the oxygenate is converted to light olefins and various byproducts

whi ch are vyi quaheh towesrR06h&hielcaingprents indinet 230 preferably ane coplsliima cooltng ni ng
streamin line. cont ai ni n treamin line 204 optionally
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byproduct s i ngeuienddidin ftbfich RwRE 20, water and hydrocarbon conponents.
The ol efmcontaining streamin line 204 is directed to a quench unit or

quench tower HD@8hher ei Antdlefintesitainingy4po0 &y Yiekle8 fradCThe JGRORH ItoWeS206 - 35

containing strreamin lin 04 i.5,cqoql e nd water and ot her readil
cordensable. LEmBierisad sBogn Aandds Slproontasine Ry E SEPESHbIMYS

whi ch conpri sgr ¥@teSdomprEor 11034HANE rebl1BRE EdRpRYRATIe ¥ GiaidE skrBIR YO a
bottons |ine 208. A portion of the condensedpconponents are recycl ed

t hrough | i ne optipriatly passedithroughfine216ie a waten ebsorptiver wHO218.TiMetbanopdment s i n

e 210 preforablip e conledin, 8 5o 100 KL 1 serbemne R TR Lo

tower 206. absorption unit 218 through line 220. Methanol and entrained water, as well as
some oxygenates, are separated as a bottoms stream through line 222. The light
olefins are recovered through an overhead effluent stream 224, which comprises
CO; in addition to light olefins. Optionally, the effluent stream 224 is sent to an
additional compressor or compressors (not shown) and a heat exchanger (not
shown). Ultimately, the effluent stream 224 is directed to CO2 removal unit 250.
[0129] As discussed in greater detail above with reference to Figure 1, the

(5, CQO; removal unit 250 of the present invention has two CO; removal zones. As

shown, a first CO; removal medium 251 is introduced into the first CO; removal
zone in which the first CO; removal medium 251 contacts the effluent stream 224
under conditions effective to remove a first portion of the CO; therefrom and form
a first CO; depleted stream, which is directed to the second CO; removal zone. In
the second CO; removal zone, the first CO, depleted stream contacts a second
CO; removal medium 252 under conditions effective to remove a second portion
of CQO, therefrom and form a second CQO, depleted stream.
[0130] In the upper section of the CO, removal unit 250, the second CO,
depleted stream preferably contacts water from water stream 253 under conditions

effective to remove entrained caustic salts therefrom. Ultimately, a washed



[0128] An ol efin-containing vapor is yielded fromthe quench tower 206

t hrough overhead stream 212. The ol efin-containing vapor is conpressed in
one or nore conpressors 214 and the resulting conpressed ol efin-containing
streamis VZprI6K6A6ST passed through line 216 to a water ®OTATFOISHNF0ITI t
218. Methanol is preferably used as the g\ater absorbent, and is fed to the
top portion of the water absorption unit 218 through |line 220. Methanol and
entrained water, as well as some oxygenates, are separated as a bottons
streamthrough line 222. The light olefins are recovered through an

over head effluent stream 224, which conprises COQ2 in addition to |ight

ol efins. Opti t I | t Intc} I
conpressor or 9%%#7%?%0525‘?)&%&%41%#%gaﬁl)lgm&gﬁ%%ttﬁgxc Za%g'feyrq, al( ﬁ%? ztsg%ggm) .
Utimtely, tbrecéd taandepatationrsyiemh 226,dwhiehtadionallYCCRmpeisesvahe onirhor250.
[0129] As discussed in_greater de_hai.,l above wiith reference to Figure 1, the
CO2 renoval uBfRAration uwitsispeh s disbifjelio cRlnms hiamtioR s andRAPTPlGRes. As
shown, a firs{ £O2 renoval nedium 251 is introduced into the first CO2
renoval zone In which the first CO2 renoval medi um 251 contacts the

ef fluent stregom3dp4 undee separstion opRenellectparsted ther wmponentsdontinedant i on of

the CO2 therefromand form_a first CO2 deg%eted stream which is directed
to the secondtheorashedsecend £pcdeplgied stpgant dodbndhesosepasatinnagystegnd26 farmst i r st

condi ¢ ons et IS PRS2 oRBGRS, compBisii HiAan HHEeR 208 Fitbon 1 o1 v
second CX2 depicdbgides bf &lMledeOdotdining sthaml PP cofipeisingNmobtly lethyl&iR; ragnoval

unit 250, the second CO2 depleted streampreferably contacts water_ from
wat er stream ehenererisinggniireanoi2d cempasing yeostly qtansy 8 respylenceantEning: i c

Second Oce” aeprerE ol Pofintoad WY SrilRiaRCH IRRERESTNRERRGR 220 oG

directed to ac&@paAsiag ntutly)rbeie? dd onbiok insetbypraduky seduiiy, isE6%n Q8die’ nore
separation units such as distillation colums, absorption units, and/or

adsor pti on uRB2sonjpuisdigontios eerpof he edygeyaie bypredects.apayided sbaveeheryyponent s
contained in shed s nd C | et ed st.ream 254.. Thus, separation
et om 96 foPlitisaRg Rt Re atdar AFSESI phRA e i e EFRRIRL e

hydrogen and/ gfocesy. lB¥paration processes that may be utilized to form these streams are well-

known and are described, for example, in pending U.S. Patent Applications Serial

Nos. 10/124,859 filed April 18, 2002; 10/125,138 filed April 18, 2002;
10/383,204 filed March 6, 2003; and 10/635,410 filed August 6, 2003, the
entireties of which are incorporated herein by reference.

[0132] Figure 2 also illustrates a catalyst regeneration system, which is in

fluid communication with fluidized reactor 202. As shown, at least a portion of -
the catalyst compositions contained in fluidized reactor 202 are withdrawn and L
transported, preferably in a fluidized manner, in conduit 233 from the fluidized

reactor 202 to a catalyst stripper 234. In the catalyst stripper 234, the catalyst
compositions contact a stripping medium, e.g., steam and/or nitrogen, under
conditions effective to remove interstitial hydrocarbons from the molecular sieve

catalyst compositions. As shown, stripping medium is introduced into catalyst

stripper 234 through line 235, and the resulting stripped stream 236 is released

from catalyst stripper 234. Optionally, all or a portion of stripped stream 236 is

directed back to fluidized reactor 202.

[0133) During contacting of the oxygenate feedstock with the molecular

sieve catalyst composition in the fluidized reactor 202, the molecular sieve



nmonoxi de; an ethyl ene-contai ning stream 228 conprising nostly ethyl ene; an
et hane-cont ai ni ng stream 229 conprising nostly ethane; a

propyl ene- onioas/bé288y st ream 230 conprising nostly propyl pagisRosdos2?

pr opane-cont ai ni ng stream 231 conprising nostly propane; and one or nore
byproduct streanms, shown as line 232, mprising one or nore of the
oxygenat e byproducts, provided above, heavy olefins, heavy paraffins,

and/ or absorption nmediuns utilized in the separation process. Separation
processes that may be utilized to formthese streans are well- known and are

d i bed, f | i di S, P . l4L.cat ial .. Nos.
107 124, 550 11 P Ropbosbrbag Blams S 168 AP AERAARES TRE'R mdOS
10/ 383, 204 fi htbchif §ievé catd 98 Tompositibh becimes1d 1dasl watiAliosiked 6In sfdBto t he

entireties of which are incorporated herein by reference. [0132] Figure 2
al so il ustratesstivate shalmaieculasgeiees gafabist spmpesifiomhthehcatalystncompesiton

[ ti th.fl.uidi { 02. As.sh , t ti f
Che oat al yst BTRY b S eaf ety PesTGoa T et SPOTR, R, B8RS
and  transpor tRalystPE@hFosHidny is fraspblted, dpre@iabIoninethe flidiea dbine?3&ofd OM t he

fluidized reactor 202 to a catalyst stripper 234. In the catalyst stripper
234, the cat ataslyst stopprsilditorestalysh regeneratos 238 ipicegduit @3 LmPrefengbly, $heeam

and/or nitrogen, upder. condit.j.ons effective tg .renove interstjtial .
nydr ocar bons FBRF FEsYReaaPsHoD s Sansbaned i A R Hmb R ot coBgtu,
stripping nedpgymis introduced into catalyst stripper 234 through |ine 235,

and the resulting stri p&)lgd stream 236 is released fromcatalyst stripper
234. Optional [6134h1 | or Im gatadyst orgateraler 238 dhes tsiripned 2calysi compesiiard back

to fluidized ree%ct or 202. §0133 .Durin % ntgct i.ng of the oa< enﬁje
f oddst ock i t PGS APESDERIPT MEdiup, Watermy poIaptisHe Orvest: PROG REPEHERY: 2
reactor 202, Eﬂ;&:&%'@%ﬁﬁblyﬁn@lﬁﬁiﬂéﬂl@é@ﬁ | 38 2%Réd Rathlys2e08 (M4 5rattialiy3 7

catal yst conposition may bécone at | east partially deactivated.” That” is, the
mol ecul ar si evageneratslthe catelystsomposiban portained thereine Asshpwm.tthefeggneratiend. | n

d t ti.vate t I I ' t al L1 th t al t
Commos: ¢1 on’ - FREE} S oadh A R R e ghiEof BFRRH Khoma 5B8 €' SL0on,
the stripped r&ﬁ&iﬁ?)&&ﬁerﬁmtél%ﬁrboirﬁ)ofsilﬁaﬂ§ BRI t1Gfhately GhipoRbd, préfetdbey

I S

fluidized manner, Trom catal stripper 234 to catalyst regenerator 238 in
condui t 237. i eflyidizad/mannes from catalyst regenerator 238 back to the fluidized reactor

202 through conduit 241. The gaseous combustion products are released from the
catalyst regenerator 238 through flue gas stream 240. In another embodiment, not
shown, the regenerated catalyst composition additionally or alternatively is
directed, optionally in a fluidized manner, from the catalyst regenerator 238 to one
or more of the fluidized reactor 202 ahd/or the catalyst stripper 234. In one
( embodiment, not shown, a portion of the catalyst composition in the reaction
system is transported directly, e.g., without first passing through the catalyst
stripper 234, optionally in a fluidized manner, from the fluidized reactor 202 to
the catalyst regenerator 238.
[0135] As the catalyst compositions contact the regeneration medium in
catalyst regenerator 238, the temperature of the catalyst composition may increase
due to the exothermic nature of the regeneration process. As a result, it may be
desirable to control the temperature of the catalyst composition by directing at
least a portion of the catalyst composition from the catalyst regenerator 238 to a
catalyst cooler 243. As shown, the catalyst composition is transported in a

fluidized manner from catalyst regenerator 238 to the catalyst cooler 243 through



stripped catal yst conmposition is transported in a fluidized manner through
conduit 237. 101341 In catalyst regenerator 238, the stripped catal yst
conposition contacts a regeneration nmedium preferably conprising oxygen,
under condwvOi20es62657f ecti ve (preferably including heati ngp('gmsmk;@d;sn
catalyst) to at least partially regener ate the catalyst conposition

contai ned therein. As shown, the regener8tion mediumis introduced into the
catal yst regenerator 238 through line 239, and the resulting regenerated
catal yst conpositions are ultimtely transported, preferably in a fluidized
manner, from catal yst regenerator 238 back to the fluidized reactor 202

t hrough conduit ,24 T, aseous. ¢ n cts m t he
cat al yst regé’ﬂgﬁhﬁ’ﬁ %?2 gge ?ﬁpﬁl&gﬁ%f%ﬁ%%ig? ?BBQ‘?# vl é#‘ﬁp%rﬁ%‘f ‘?%jr %Odl ment ,
not shown, tihe fedsaEmants flonl adisét conIP243 badktodRéltithigRakhshepdtor 233
alternativel y is directed, optionally in a fluidized manner, fromthe

catal yst regahmugh @pnmﬁB 264, oheancshernimbodimentyaof Ishowinz the casdest catalys and/ or

th t al t t f th
e alost Yo sRuipoRBn didinaally B0 FtsFRg syl B iredled, Sbipbnty dn i Thidiped” o 0
wi thout fir Stmﬂﬁl'EF'ﬂ:kgn e E‘&!ﬂpsttéb%le? sy She &Hﬁdr@%ﬂh@ﬁﬂﬂlﬁﬁtrbﬁ?@r’ 001N a

fluidized manner, fromthe fluidized reactor 202 to the catalyst
r egener at or Zmﬂlorp&]ﬁhﬁjlys&smpperm al yst conpositions contact the

regeneratio tal yst regenerator 238, the tenperature of the
cat al yst _con‘p‘g‘; tmﬁﬁncrease due to the exotherm c nature of the
regenerati Ono[Piﬂﬂess AR Rdéras Prdvidé h bEReF RersBR3InEAY fe bfés@xﬂ%ﬁéﬁlhoﬁhe

t enperat ure e catal yst conposition by directing at ast a portion of
t he catal yst thenfadlsiving) mohrexpetimentahtexiample riegefferedt or 2 3Bist exampleatal yst,

Ui di zed e EPIERG TGP Smeval S e Ab Seecifraly ed‘ee&pscﬁ JoreEssing 243
through WO 2094 660 il lan 4Rl 43R de v%@ffc?ﬁ' {: U@Te id I ng
Iys’t 51 prefer In a T

cool ed cata conposition is transporte I zed
manner from cahgagsk tocedC@f rémavabaniit (dnit B chtlel pnetsemagecrmoat (Whl(ﬂ‘BﬂS

t hrough condui t n an t.her enbod] t, not shown ¢ooJ ed cat al yst
conposi tion é&ﬁ?‘ﬁ?éﬁa‘#qsm fon femavRg Cﬁ&r‘l‘% an;€ aﬁeeﬁ‘bﬁ%}ﬁi ﬁ-?mI ! a
fluidized nqppgrreac%ﬁlgysttgﬁ catal yst cooler 243 to one or nore of the

fluidized reactor
[0137] Tables 1 and 2, below, indicate that the relatively high

concentration of sulfur-containing compounds in the steam cracking derived
effluent stream necessitates a three stage CO; removal process, while the CO; in
the OTO-derived effluent stream can be efficiently removed in two CO; removal
stages even though the OTO derived effluent stream comprises about three times
the amount of CO; than is present in an effluent stream derived from a steam

cracking system.



and/ or the catal yst stripper 234. D. EXAMPLE [0136] In order to provide a
better understanding of the present invention, the follow ng

non- exper i le is offered. In this exanple, a hypothetical

H2S/ CO2 rerr%rw\g)taﬁahﬁtﬂﬁé?g;?Unit A) specifically designed for re%&/beDS’%Q§7and
C2 from an effluent stream derived from3a-steam cracking systemis
conpared to a C02 renoval unit (Unit B) of the present invention, which is
specifically designed for renoving CO2 froman effluent streamderived from
an OIO reaction system [0137] Tables 1 and 2, below, indicate that the

relatively high concentration of sulfur-containing conpounds in the steam
cracking derived ef fTabletl: RemuwingHo%8sd COdsom an-SteamsCragked 2 r enoval

process, while the CO2 mu%t%%ﬁihyeh&ébgmfﬁgzgm can be

efficiently removed in €% he OTO deri ved

effluent stre r a hy ng T TR
present in an efﬁl u Sﬁgfre &é%?tentrti vggs %ﬁgo 1*(%5 g,}%@%?qﬂac%ﬁy emn WO
20061062657 F ?00405;2} 30 B¢ 1 MYPRE 1 VAL % gmian
St eam Cr acked S ony P MR [Three HPS/ C02 Renpval |Zones $6¥RE™h (Stage
Percent H2S i }0 n_CQ2 t CORLin _Nol Spent llvpom I(vpnm I(vppn)
(vppm) CZ (ficBeHamuifstic (vl  bpB9GPRO0 B396.495 | 156,0800 160800547593 150. 000
150. 000 475. 7/1Bot®m t{odn 2 40] 456. 49523R4PBY 82387 00050600 0460406 .| ATS.7Botif om 3
40 82. 237 26. |3ottokd(. POO 15P4®00 4[782.737 BR6.B6™T 4150.080. 368.0804%45530./000
121. 502 385. 3BotkRh (|4 5 20| §o 457 L2367 1284507 V950:880 $141 56 [B855AM|6 40
Son 00" Bott o So ol Mo e L Ras¥ e Y0, BT9L S07 {98 /10" 1313157
e ‘Bottom [6 7"~ “[40° " [Z7T0°7| U869 [98419 [79.721 |252.83
( Bottom | 7 40 0.869 0.279 79.721 [ 64.575 | 204.80
Bottom | 8 40 0.279 0.089 64.575 |{52.307 | 165.89
Bottom | 9 40 0.089 0.629 52.307 |42.370 | 134.37
Bottom | 10 40 0.029 0.009 42370 | 34.320 | 108.84
Bottom | 11 40 0.009 0.003 34,320 | 27.800 {88.17
Bottom | 12 40 0.003 0.001 27.800 {22518 |[71.42
Middle |1 5 1 0.001 0.000 22,518 | 17.183 |54.50
Middle |2 5 0.000 0.000 17.183 | 13.112 | 41.59
Middle |3 5 0.000 0.000 13.112 |1 10.006 |31.73
Middle |4 5 0.000 0.000 10.006 | 7.635 2422
Middle | 5 5 0.000 | 0.000 7.635 5.827 18.48
Middle |6 5 {1 0.000 0.000 5.827 4.446 14.10
Middle (7 5 0.000 0.000 4446 | 3.393 10.76
Middle 8 5 0.000 0.000 3.393 2.589 8.21
Middle |9 5 0.000 0.000 2.589 1.976 6.27
Middle |10 5 1 0.000 0.000 1.976 1.508 4,78
9 Middle | 11 5 0.000 [0.000 |1508 |1.150 |3.65
Middle | 12 5 0.000 0.000 1.150 0.878 2.78
Top 1 0.1 0.000 ¢.000 0.878 0.666 2.11
Top 2 0.1 0.000 0.000 0.666 | 0.505 1.60
Top 3 0.1 0.000 0.000 0.505 0.383 1.21
Top 4 | C.1 0.000 0.000 0.383 0.290 0.92
Top 5 0.1 0.000 0.000 0.290 0.220 0.70
Top 6 0.1 0.000 0.000 0.220 0.167 0.53
Top 7 0.1 0.000 0.000 0.167 0.127 0.40
Top 8 0.1 0.000 0.000 0.127 0.096 |0.30
Top 9 0.1 | 0.000 0.000 0.096 0.073 0.23

"On a dry basis. The remainder being fresh caustic.



Bottom 9 40 0.089 0.029 52.307 42.370 134.37 Bottom 10 40 0. 029 0. 009
42.370 34.320 108.84 Bottom 11 40 0.009 0.003 34.320 27.800 88.17 Bottom
12 40 0.003 0.001 27.800 22.518 71.42 Mddle 1 5 0.001 0.000 22.518 17.183
54.50 M dwi0=20B6/862657000 0. 000 17.183 13.112 41.59 M ddl ep8TArs@odds37000
13.112 10.006 31.73 Mddle 4 5 0.000 0.000 10.006 7.635 24.22 Mddle 55
0.000 0.000 7.635 5.827 18.48 Mddl e 6 ¥-0.000 0.000 5.827 4.446 14.10
Mddle 7 5 0.000 0.000 4.446 3.393 10.76 Mddle 8 5 0.000 0.000 3.393 2.589
8.21 Mddle 9 5 0.000 0.000 2.589 1.976 6.27 Mddle 10 5 0.000 0.000 1.976

-

1.508 4.78 Mddle 11 5 0.000 0.000 1.508 1.150 3.65 Mddle 12 5 0.000
0.000 1.150 0.878 2.78 To 041.0. 000 0 0. 666 2.11 Top 2 0.1
0.000 0.000 0.666 0.505 1. E’Blblfnggﬂwviﬂ%nggrﬂngég)g 9505 0. 383 1. IL2)1 Top 4
0.1 0.000 0.000 0.383 O. mugnggt,e;,ggnsr,@o €0) 108R0v1 220ed. 290 0. 220 0. 70
Top 6 0.1 0.000 0.000 0.22 on 7 0.1.0 000 0000 0 167 Q. 127
0.40 Top 8 [0SetionopStage oopPercgrm HzS% 3 188 oulrdCQ, . 1 096
0.073 0.23 |On a driyNbasi s| Spént r e(wpipnaer (gimig |f(vpsh) ¢
2006/ 062657 {PCT/ USZDQﬁ,’;ﬁMOSe:Zustlb Tabl e |2: Rengvi ng CC
Ef fluent Strleamin [ Renoval Zones {Sectiorng Stage H2S
out C2 in OF Fsth P2 1 [ 39 SP¥Bi0b P 0lode” PH¥50'008 :

Bottom | 2 25 0.000 |0.000 |[297.519 | 196.706 | 348.37

Bottom | 3 25 0.000 |0.000 | 196.706 | 130.053 | 230.33

Bottom | 4 25 0.000 | 0.000 |130.053 | 85.985 |152.28

Bottom | 5 25 0.000 |0.000 |85.985 |56.849 |100.68

Bottom | 6 25 0.000 [0.000 |[56.849 [37.586 |66.57

Bottom | 7 25 0.000 |0.000 |37.586 |24.850 |44.01

Bottom | 8 25 0.000 |0.000 |24.850 |16.430 |29.10

Bottom | 9 25 0.000 | 0.000 |16.430 |10.863 | 19.24

Bottom | 10 25 0.000 |0.000 |10.863 |7.182 |12.72

Bottom | 11 25 0.000 ]0.000 |[7.182 [4.748 |8.41

Boitom | 12 25 0.000 [0.000 (4748 13139 [5.56

Bottom | 13 25 0.000 [0.000 [3.139 [2076 [3.68

Bottom | 14 25 0.000 .[0.000 [2.076 {1372 243

Bottom | 15 25 0.000 |0.000 |1.372 [0907 |161

Top 1 10 0.000 |0.000 10907 [0616 [1.09

Top 2 10 0.000 |0.000 |0616 |0419 |0.74

| Top 3 10 0.000 |0.000 |0419 {0284 |0.50

Top 4 10 0.600 [0.000 [0.284 [0.193 |0.34

Top 5 10 0.000 [0.000 10193 [o0.131 [023

Top 6 10 0.000 [0.000 [0.131 [0.089 {0.16

Top 7 10 0.000 |0.000 |0.089 [0.06t |0.11 -

Top 8 10 0.000 | 0.000 |0.061 |0.041 |0.07

Top 9 10 0.000 |0.000 |004t |0028 |0.05

Top 10 10 0.000  [0.000 [0.028 0019 [0.03

Top 11 10 0.000 [0.000 |0019 [0.013 |0.02

Top 12 10 0.000 |0.000 |0.013 10.009 |0.02

Top 13 10 0.000 [ 0.000 10009 [0.006 |0.01

Top 14 10 0.000  [0.000 [0.006 [0.004 [0.01

Top 15 10 0.000 |0.000 [0.004 |0.003 |0.00

"On a dry basis. The remainder being fresh caustic.
[0138] As shown in Tables 1 and 2, above, an effluent stream derived
from a steamn cracking system comprises substantially more H,S than an effluent

stream derived from an OTO reaction system and about three times less CO; than



(from Caustic (vppm) bottom Bottom 1l 25 0.000 0.000 450.000 297.519 526.91
Bottom 2 25 0. 000 0.000 297.519 196. 706 348.37 Bottom 3 25 0.000 0.000

196. 706 1 33 Bottom4 25 0.000 0.000 130. 053

Bottom 5 S@mgﬁ%&%g’%’TOOO 85.985 56.849 100.68 Bottom 6 2%&2&8@% 56. 849
37.586 66.57 Bottom 7 25 0.000 0.000 341586 24.850 44.01 Bottom 8 25 0.000
0. 000 24.850 16.430 29.10 Bottom9 25 0.000 0.000 16.430 10. 863 19.24
Bottom 10 25 0. 000 0.000 10.863 7.182 12.72 Bottom 11 25 0.000 0.000 7.182
4.748 8.41 Bottom 12 25 0.000 0.000 4.748 3.139 5.56 Bottom 13 25 0. 000

0.000 3.139 2.076 3.68 Bottom 14 25 0.000 0.000 2.076 1.372 2.43 Bottom 15
25 0. 000 0. 009 faur@7ip & OO derped effhyent streamg. OHos,0a gmtlg S99gmOinGl §edam09  Top

2 10 0.000 0.00 616 0,419.0..7 To 0 0.00 4 284, 0.50
Top 4 10 0. ORI gy 48 dprigid é&é‘%’eﬂ?"% P H58 08, 585 50131 0. 23
Top 6 10 0. OQfLfn QPR Shidctibe OstESR &aél&ng Eaktié S}Qleﬁis()%glcg}l QRc10d08Guskic061 0. 11
Top 8 10 0.000 0.000 07061 0.041 07 " Top 9 00 0.041 0.028 0.05
Top 10 10 0. Go@em.laOmMgt (=28t @I@ﬂ%sﬂco"ﬁ l'erﬂml kanes0 As. reflected d0Tatde 0.1the0. 013
0.02 Top 121 OOOOOOQOQOé gt 02 To%§3100 000000009
0. 006 0. 01 70N 15 BT JeACHER 1. 15BRVinBo kS g i3S - 000
0.004 0.003 (Efﬂﬁ)ent stream as well as to remioving a significant amount of CQO, frpm the

effluent stream. The middle and top removal zones are dedicated primarily to

removing residual COs.

[0139] Surprisingly and unexpectedly, however, it has now been

( discovered that although the amount of carbon dioxide in an OTO derived effluent

siream is significantly greater (about 3x) than the amount of CO; that is contained

in a steam cracking derived effluent stream, carbon dioxide removal from an OTO

derived effluent stream to polymerization specifications can be effectuated in two

carbon dioxide removal zones rather than three.

[0140] In order to achieve adequate CO, removal in two zones, however,

it is desirable that the first CO, removal medium comprise more fresh caustic (less

spent caustic) than is present in a H;S/CO; removal medium that is typically

directed to the bottom H,S/CO, removal zone of a steam cracking H.S/CO,

removal system. Without limiting the present invention in any respect, it is

believed that this increased amount of fresh caustic is necessary to overcome mass

( transfer resistance between the CO, and the aqueous caustic solution. H,S

removal is not as mass transfer limited.

[0141] Having now fully described the invention, it will be appreciated by

those skilled in the art that the invention may be performed within a wide range of

perimeters within what is claimed, without departing from the spirit and scope of

the present invention.



On a dry basis. The remai nder being fresh caustic. [0138] As shown in Tabl es
1 and 2, above, an effluent streamderived froma steam cracking system
conprises substantially nore H2S than an effluent stream derived from an
OTO reaction system and about three tines less CO2 than WD 2006/ 062657

PCTI US2005/ 040527 -41 is found in an OTO derived effluent stream Thus, a
caustic systemin a steam cracking systemtypically is designed for the
renoval of both H2S and CO2. To obtain42his objective, steam cracking
caustic systens typically include caustic towers having at |east three

H2S/ CO02 renoval zones. As reflected in Table I, the bottom zone is
primarily dedicated to renoving H2S froma steam cracking effluent stream
as well asmvi ng a significant amount of CO2 fromthe effluent
stream Th and top renoval zones are dedicated primarily to

removi ng residual CO2. [0139] Surprisingly and unexpectedly, however, it has
now been discovered that although the anmount of carbon dioxide in an OTO
derived ef fl.uentA psicessdnr fesoying{r @4 fremiah piflpentatierm wherein tBxprot¢san t he anount
of CO2 that _is con ai?ed f_i n a steam cracking derived effluent stream
carbon di ox{HEPERGV AP 'om an OTO derived effluent streamto

pol ymeri zation spgci fyrewtin@fige criifedd 8tr&int 6/ 4aRIgdnAteltWOleiBPrRREs, Mhepeinde
renoval zones rather than three. [0140] In order to achi eve adequate CO2
renoval in thaefthentesreamepmpapes greaterithangbenty I98vermHHP2it he first O renoval

medi um conpri se re ] ' .Spe ust i I sent in
a H2S/ C2 renoval”’ ne .°E%§ﬁé@9?§ﬂ‘&%§t§4“§§‘?ﬁ9ﬁi ad@‘%*e@@é%t“jt“’g’)”t '{!}g‘ﬁﬁ‘&l sl oo
renoval zon€0gfentval smmuadackhdigorddHeCRe: to ranmwa firsygiréon ofdhé GG frokd M ti ng

the present inyention in any re pe&t, it bel i eved that this increased
amount of fihesHluenlyepm and forara Bsh((: deplefpd stegmeconusisingirom abawt 0,548 st ance

bet ween t he @mq] e S teh (WaTp't ! t as
nmass transfaer %m tgg-h P%l%%iam@?%g n%zvvé@llc}ﬁly e%@%%b%@agﬁéeﬁﬁ%\t}gﬁ%ﬁon, it
will be appeasticabadertiypaustiboaen diyibatiedf igreateh thaambout it artdHessitlmnesbbatehs;may be
performed within a wide range of perineters within what is clained, wthout

departing f#m t he spirit and scope of the present invention.
(c) contacting the first CO, depleted stream with a second CO2 removal

medium in a second CO, removal zone under conditions effective to remove a second
portion of the CO, from the first CO, depleted stream and form a second CO, depleted
stream comprising less than about 0.5 vppm CO;.

2. The process of claim 1, wherein the effluent stream comprises greater than about
200 vppm COs.

3. The process of claim 2, wherein the effluent stream comprises greater than about
300 vppm CO,.

4. The process of claim 3, wherein the effluent stream comprises greater than about
400 vppm CO,.

5. The process of claim 1, wherein the first CO, depleted stream comprises from

about 0.5 to about 10 vppm CO,.

6. The process of claim 2, wherein the first CO; depleted stream comprises from



-42- CLAIMS 1. A process for renmoving CO2 froman effluent stream wherein
the procéss conprises the steps of: (a) providing the effluent streamfrom
an oxygenate to olefin process, wherein the effluent stream conprises
greater than about 100 vppm CO2; (b) contacting the effluent streamwth a
first CO2 renmoval mediumin a first CO2 renoval zone under conditions
effective to renove a first portion of the CO2 from the effluent stream and
forma first CO2 depleted stream conpris#hg fromabout 0.5 to about 200
vppm CO2, wherein the first CO2 renoval nediumhas a weight ratio of fresh
caustic to spent caustic, on a dry basis, of greater than about 1.5 and | ess
t han about X iNg the first CO2 depleted streamw th a
second CO2 %g%voé?{bdar?égglu%%rﬁ?%je?cond CX2 renoval zone under conditions
effective to renove a second portion of the CO2 fromthe first CO2 depleted
stream and form a_second .depleted streamconprising |ess than about 0.5
vppm C2. 2.7-The Thrarssss Jiclaimd; ﬁﬁi{ewm@?wm ERe denlpted stiganteqmaniisetlshr i ses
greater tha CQ2. 3. The process of claim2, wherein the

ef f | uent st?le%%&ggtrr%gi %@gt??'eat er than about 300 vppm CQ2. 4. The process
of claim3, wherein the effluent stream conprises greater than about 400
vppm CQ2. 5._ The process claim1, .wherein e first CO2 depleted stream
conpri ses frbm BFosgssOticlp g}lhe’fﬁl f)ﬁ‘??PEfbng ge l‘?"ﬁés'ﬁ"ra&b TBFS €F%i m 2,
wherei n the fid foufB22 dph eicgd stream conprises from-43- about 0.5 to about
1.5 vppm CQ2. 7. The process of claim1l, wherein the second CO2 depl eted
stream conprises |l ess than about 0.4 vppm CO2. 8. The process of claim 2,

wherein th c2 d t ' I th bout .0. 3
GO0 6. The Spr ocale PoTeeEt AR, | RAEFE e GG CLp Faro BB D0 4% R A s L e

sane type ofsplution as the second CO; removal medium.

10.  The process of claim 1, wherein the first CO, removal medium comprises greater

than about 60 weight percent fresh caustic, on a dry basis.

11.  The process of claim 1, wherein the first CO, removal medium comprises less

than about 40 weight percent spent caustic, on a dry basis.

12. The process of claim 1, wherein the first CO, removal medium has a weight ratio
of fresh caustic to spent caustic, on a dry basis, of greater than about 2.3 and less than
about 3.7.

13. The process of claim 12, wherein the first CO, removal medium has a weight

ratio of fresh caustic to spent caustic, on a dry basis, of greater than about 2.8 and less

than about 3.2.

14.  The process of claim 1, wherein the second CO, removal medium comprises

greater than about 1.0 weight percent spent caustic, on a dry basis.

15.  The process of claim 14, wherein the second CO; removal medium has a weight

ratio of fresh caustic to spent caustic, on a dry basis, of greater than about 1.0 and less



solution as the second CO2 renoval medium 10. The process of claim1,
wherein the first CO2 renoval nedium conprises greater than about 60 wei ght
percent fresh caustic, on a dry basis. 11. The process of claiml1l, wherein
the first CO2 renoval nedium conprises |ess than about 40 wei ght percent
spent caustic, on a dry basis. 12. The process of claim1l, wherein the first
C®2 renoval nmediumhas a weight ratio of fresh caustic to spent caustic, on
a dry basis, of greater than about 2.3 af#dl-less than about 3.7. 13. The
process of claim 12, wherein the first CO2 renoval nedium has a wei ght

ratio of fresh caustic to spent caustic, on a dry basis, of greater than
about 2.8 aqﬂada%%ﬁwg{@an about 3.2. 14. The process of claim1l, wherein the
second CO2 renoval medi um conpri ses greater than about 1.0 wei ght percent
spent caustic, on a dry basis. 15. The process of claim 14, wherein the
second CO2 renoval nedium has a wejght ratio of fresh caustic to spent
caustic, on 1 dryihsREgesss foc?%melét &’lwrﬁwathe seuenit CQ; rrmgayal qnefiigmwaa Wtergilh about
99.0. 16. Thegq . ' : ' e di um has
2 wei gnt raroRaRSaliic B Bicl e OR R S o EERY tnd LT DU T

great er thanhababotit B.Q and | ess than about 19.0. 17. The process of claim
16, wherein the second CO2 renoval nediumhas a weight ratio of fresh
caustic to spent caustic, on a dry basis, of greater than about 8.5 and | ess
than about 975. e pliRsdURERRS 60 tH decolCOS tdAPMb&TRERSE We?géx't n the
first and second coé’ removal zones ranges from about 38C to about 66C. 19.
The process rofio ef fagsincagstic whepent eaustine on e dpebasisupfereatertthan dhiont8.5 andilesecond CO2
removal zone[ﬁ r nggi from about 43C to about 54C. 20. The process of claim
1, wherein t ‘3”’31" %re in the first and second CO2 removal zones ranges
from about 1034 kPaa to about 2758 kPaa. 21. The process of claim 20,
wherein the pressure in the first and second CO2 renoval zones ranges from
about 1724 KBaa tldieapengss dalamdpagereipthe gmperturs én thedirstandsorad €2 from an

effluent st rr@%@ral%fe@%ﬁke& RS PIBGESEC 1o about 66°C.

19.  The process of claim 18, wherein the temperature in the first and second CO,

removal zones ranges from about 43°C to about 54°C.

20.  The process of claim 1, wherein the pressure in the first and second CO, removal

zones ranges from about 1034 kPaa to about 2758 kPaa.

21.  The process of claim 20, wherein the pressure in the first and second CO,

removal zones ranges from about 1724 kPaa to about 2413 kPaa.

22. A process for removing CO; from an effluent stream, wherein the process
comprises the steps of:

(a) providing the effluent stream from an oxygenate to olefin process, wherein
the effluent stream comprises greater than about 100 vppm CO2;

(b) contacting the effluent stream with a first CO, removal medium in a first
CO, removal zone under conditions effective to remove a first portion of the CO; from
the effluent stream and form a first CO; depleted stream, wherein the first CO; removal

medium has a weight ratio of fresh caustic to spent caustic, on a dry basis, of greater than



conprises the steps of: (a) providing the effluent streamfrom an oxygenate
to olefin process, wherein the effluent stream conprises greater than about
100 vppm CX2; (b) contacting the effluent streamwith a first CO2 renoval
mediumin a first CO2 renoval zone under conditions effective to renove a
first portion of the CO2 from the effluent streamand forma first CO2

depl eted stream wherein the first CO2 renoval nediumhas a weight ratio of
fresh caustic to spent caustic, on a dry4basis, of greater than -45- about
1.5; and (c) contacting the first CO2 depleted streamw th a second CO2
renoval nmediumin a second CO2 renoval zone under conditions effective to
renove a secﬁgglgi[“pgﬁ&i on of the CO2 fromthe first CO2 depl eted stream and
forma second CO? 'depl eted stream wherein the second CO2 renoval nedium
has a wei ght rati(g of comtestmgdheBtst €Ot deplatpksiteanawish & sgcond CO2demotdsi s, of

| ess than abo 99.0. 23 he process of clai.m 22, erein the effluent
St ream comprPelun Ji RireRpd Chasertalfone JaderFopsiipRLtresuve SHEmpY L SeRds ¢ ai m

23, wher ei n doheonfihd €O} &kl tRAMsE CNUESOSd WAL &id {HARA s8RANITCO,3HPeieRPM CO2.
25. The process of claim 24, wherein the effluent stream conprises greater

t han about stre@nypipmeinde seegnd GRereprovelgnedion hes aveighbratioloé freshreapsiie 16i r st COR2
depl eted stream conprises ftrom .about 0,5 about 200 vppm CQ2. 27. The
process of cspg}mﬁ?lfgl,g’ Wi ibﬁm?’hog??s?ﬁ?f]awbggpl eted stream conprises from
about 0.5 to about 10 vppm CQ2. 28. The process of claim 27, wherein the
first CO2 dgﬁl eted stream conprises from about 0.5 to about 1.5 vppm CO2.
29. The procddss dheprasesp ofzlaimfdr whereinibe effluert gireanp coraprises arsater thap ghout

conpri ses I%ﬁ h@%bout 0.5 vppm CQ2. 30. The process of claim 29,
wher ei n the S6c8 depl eted stream conprises |ess than about 0.4 vppm
CO2. -46- 31. The process of claim 30, wherein the second CO2 depl et ed
stream conprj ses | ess

i 24,  The process of claim 23, wherein the effluent stream comprises greater than about

300 vppm CO;.

25.  The process of claim 24, wherein the effluent stream comprises greater than about

400 vppm CO..

26.  The process of claim 22, wherein the first CO, depleted stream comprises from
about 0.5 to about 200 vppm CO,.

27.  The process of claim 26, wherein the first CO, depleted stream comprises from

about 0.5 to about 10 vppm CO;.

28. The process of claim 27, wherein the first CO; depleted stream comprises from
about 0.5 to about 1.5 vppm CO;.

29. The process of claim 22, wherein the second CO, depleted stream comprises less
than about 0.5 vppm CO2.
30. The process of claim 29, wherein the second CO, depleted stream comprises less

than about 0.4 vppm COs.



t han about 0.32 vppm CQ2. 32. The process of claim22, wherein the first CO2
renoval nmediumis the sane type of solution as the second CQ2 renoval

medi um 33. The process of claim?22, wherein the first CO2 renpoval mnedi um
has a weight ratio, on a dry basis, of fresh caustic to spent caustic of
greater than about 1.5 and |ess than about 4.5. 34. The process of claim
33, wherein the first CO2 renoval nediumhas a weight ratio, on a dry
basis, of fresh caustic to spent caustic4®f greater than about 2.3 and | ess
than about 3.7. 35. The process of claim 34, wherein the first CO2 renoval
medi um has a weight ratio, on a dry basis, of fresh caustic to spent
caustic of gpeat . 8 - : rocess
of claim ZZ%IV\he?rehle&\)H?I%Sesaéggg%%ﬁ OC%gé}rglgﬁg%/%FOﬁrfJeg? %J%’I %géd gtm%v@ %ﬁlpn‘g%glf %%o, on a
dry basis, ahad4best0.3augim €00 spent caustic of greater than about 1.0 and

| ess than about 99.0. 37. The process of claim36, wherein the second CO2
renoval nmedium has a weight ratio, on a dry basis, of fresh caustic to .
spent caustiw of g 0 : . The
process of c3l(2é1i m %?)%\fﬁgesr&efir&?lﬁ%l%g’ gg%rglggh%t ??ﬁ%\%@%ﬁ@gﬁﬁg %E‘Q‘&é’ﬁ’gm
rati o, on a asylubiasassthe sécofid €6h ramwmal imedium. spent caustic of greater than
about 8.5 and |l ess than about 9.5. -47- 39. The process of claim 22,
wherein the tenperature in the first and second CO2 renoval zones ranges
from about 38C tmé?_?d&assﬁﬁ@hiﬁ@z, Jh&RRCERECO) r&ﬁcﬁz‘aﬂn@&%um"ﬁ&@%%\}eﬂghtt he
tenperature in the first and second CO2 renoval zones ranges from about 43C
to about 54Gatia} bn aTre b obEeshafausticap speppcavaticeoicgreatetitharpabous b end lest he fi r st
and second EZ e | zones ranges from about 1034 kPaa to about 2758
kPaa. 42. T Varb?b(?gg)ég of claim 41, wherein the pressure in the first and
second CO2 renoval zones ranges from about 1724 kPaa to about 2413 kPaa.
43. A system for renoving carbon dioxjide froman eff|uent streamfrom an

oxygenate t3- ol diteprgsercdshinciprheringhefishtOr rameyial asdum beso weighn Co2, t he
system COMPrL 3, aliry basis, of fresh caustic to spent caustic of greater than about 2.3 and less

than about 3.7.

35.  The process of claim 34, wherein the first CO, removal medium has a weight
ratio, on a dry basis, of fresh caustic to spent caustic of greater than about 2.8 and less

than about 3.2.

36.  The process of claim 22, wherein the second CO; removal medium has a weight
ratio, on a dry basis, of fresh caustic to spent caustic of greater than about 1.0 and less

than about 99.0.

37.  The process of claim 36, wherein the second CO; removal medium has a weight
ratio, on a dry basis, of fresh caustic to spent caustic of greater than about 5.0 and less

than about 19.0.

38.  The process of claim 37, wherein the second CO; removal medium has a weight
ratio, on a dry basis, of fresh caustic to spent caustic of greater than about 8.5 and less

than about 9.5.



CX2 renoval unit in fluid comunication with an oxygenate to olefin reactor
conprising exactly two CO2 renoval zones, wherein the CO2 renoval unit
renoves a majority of the CO2 fromthe effluent streamto forma final CO2
depl eted stream conprising | ess than about 0.5 vppm CO2, wherein the CO2
removal unit conprises a first CO2 renoval zone and a second CO2 renoval
zone, wherein a first CO2 renoval nediumis added to the first CO2 renoval
zone and a second CO2 renoval nediumis-4dded to the second CO2 renpval
zone, the first CO2 renoval nedium having a weight ratio of fresh caustic to
spent caustic of greater than about 1.5 and | ess than about 4.5, on a dry
basi s, and the L0 i I i I fresh
caustic to sjg'ent S@ggg% ie%‘%;fd grg%&%ﬁkﬁﬁeﬁgﬂgﬂgiﬁoﬁgﬁﬁg%{edsgsaetc%ﬁdaﬁ About
99. 0, on a demotrgozes rdnes Tom abpst I_MICHH aleduab6iCI3, wherein the CO2 renoval
unit receives the effluent streamfroma water absorption colum, and the
wat er absorption columm receives the effluent streamfroma quench unit,
and the quengh unipk pFQE& Hekith®, RGNS eilpbBARY I BB Yird B QXYILOBLE tO
olefin reactor. -48- 45, The systemof claim43, wherein the CO2 renoval
unit furt herremovgbzomsssangendrorrabowadBiCroamut 84°C. The system of cl ai m 43,
wherein the effluent stream conprises greater than about 200 vppm CO2. 47.
The system of claim 46, wherein the effluent stream conprises greater than

about 300 \vpIpm GER pratlss offeiM\S! WHereh B flefBufk/in tNOBIsEANA sebshdedd) eRBYalSt r €am
conprises greater than about 400 vppm . 49. The system of claim43,

wher ei n t he Zonessengesfrompeehophl 03dddiaata #heyt 27/58dPamt ratio of fresh caustic to

spent caustic of greater than about 2.3 and | ess than about 3.7. 50. The
system of claim 49, wherein the first CO2 renoval nediumhas a weight ratio
of fresh cauti c The psfress of Gt cwhére@riRepressutdia thefttidnddefordtD] emsvilhan
about 3.2. 51. The system of claim43, wherein the second CO2 renoval nedi um
has a wei ghtZongsdangss don abowh 1’04 Jdan o ahgusHdkPaausti c of greater than about
5.0 and | ess than about 19.0. 52. The system of claim51l, wherein the
second CO2 renoval nedium has a weight ratio of fresh caustic to spent
caustic of gi3eat ex systeanfcabandvite Carborddibeds frbfnaan efifbient stBab froth3n oAEnsty st em

of claim43, rein the fi | CO2 depleted strea onprises | ess .
to\gpe%n process comprlgﬁlg greater a% a%out 100 vppm (82 rtH?E: system comprising a

CO; removal unit in fluid communication with an oxygenate to olefin reactor comprising
exactly two CO, removal zones, wherein the CO, removal unit removes a majority of the
CO; from the effluent stream to form a final CO, depleted stream comprising less than
about 0.5 vppm CO;,, wherein the CO; removal unit comprises a first CO, removal zone
and a second CO, removal zone, wherein a first CO, removal medium is added to the
first CO; removal zone and a second CO; removal medium is added to the second CO-
removal zone, the first CO; removal medium having a weight ratio of fresh caustic to
spent caustic of greater than about 1.5 and less than about 4.5, on a dry basis, and the

second CO; removal medium having a weight ratio of fresh caustic to spent caustic of

greater than about 1.0 and less than about 99.0, on a dry basis.

44, The system of claim 43, wherein the CO, removal unit receives the effluent
stream from a water absorption column, and the water absorption column receives the
effluent stream from a quench unit, and the quench unit receives the effluent stream from

the oxygenate to olefin reactor.



t han about 0.4 vppm CQ2. 54. The system of claim 53, wherein the final CO2
depl eted stream conprises |l ess than about 0.32 vppm CQ2.
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45.  The system of claim 43, wherein the CO, removal unit further comprises a water

wash zone.

46.  The system of claim 43, wherein the effluent stream comprises greater than about
200 vppm COs.

47.  The system of claim 46, wherein the effluent stream comprises greater than about
300 vppm COs.

48.  The system of claim 47, wherein the effluent stream comprises greater than about
400 vppm CO2.

49, The system of claim 43, wherein the first CO; removal medium has a weight ratio

of fresh caustic to spent caustic of greater than about 2.3 and less than about 3.7.

50, The system of claim 49, wherein the first CO, removal medium has a weight ratio

of fresh caustic to spent caustic of greater than about 2.8 and less than about 3.2.

51.  The system of claim 43, wherein the second CO, removal medium has a weight

ratio of fresh caustic to spent caustic of greater than about 5.0 and less than about 19.0.

52.  The system of claim 51, wherein the second CO, removal medium has a weight

ratio of fresh caustic to spent caustic of greater than about 8.5 and less than about 9.5.

53.  The system of claim 43, wherein the final CO, depleted siream comprises less

than about 0.4 vppm CO,.

54.  The system of claim 53, wherein the final CO, depleted stream comprises less

than about 0.32 vppm COs.



