REMOVI NG CARBON DI OXI DE FROM AN OXYGENATE TO OLEFI NS
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particularly, the present i n\{entl on relates to

removing CO2 from an effluent stream derived from an

oxygenate to olefins reaction system BACKGROUND OF
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dipssyRsiedxlemet hod of making ol efin product from an
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convertible into light olefins. The preferred conversion process is generally

referred to as an oxygenate to olefin (OTO) reaction process. 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 OTO 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



with the quench nmedium a |ight product fraction is
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propane, and ot her m nor conponents such as water and

unreact ed oxygenate feedstock. [0005] In order to
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product streams without removing significant amounts of olefin.

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 CO,
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)



vppm CO2, optionally greater than about 200 vppm CQ2,

optionally greater than about 300 vppm CO, or
wo@piobo6xst y greater than about 400 vppm CO2; PCT/US2005/040527

(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

CX2 fromthe effluent streamand forma first CO2
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hagpiRtcdRiredth, Widrkia tRé fifst €6 rémdkal hfediugn BaxIWeighUatib 6f fresh
on a dry basis, of |less than about 99.0. Preferably,
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sﬁgﬁﬁ,aalhélrem the second CO; 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.



has a weight ratio of fresh caustic to spent caustic,
on a dry basis, of greater than about 1.0 and | ess
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5.0 and | ess than about 19. O,4 and nost preferably

greater than about 8.5 and I'ess than about 9.5.[0011]
Optionally, the first CO2 renpoval nediumis the sane

type of solution as the second CO2 renoval nedium The
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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 0.32, 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



exactly two CO2 renoval zones, wherein the CO2 renvoval
unit renoves a nmajority of the CO2 fromthe effluent
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| ess than about 0.5 vppm CO2, preferably | ess than

about 0.4 vppm |ess than abéut 0.32, less than about

0.2, or less than about 0.1 vppm CO2. [0015]

Optionally, the CO2 renoval unit is in fluid

communi cation with an oxygenate to olefin reactor. For
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further conprises a water wash zone. [0017]
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comprising exactly two CO, removal zones. The CO; removal unit optionally
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



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0019] Thi s
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together with the attached dr6avvi ngs, wherein: Fig. 1
provides a non-limting partial cross sectional view
of a two stage CO2 renoval unit according to one
enbodi mrent of the present invention; andFig. 2
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exenpl ary nef- bi pidvidid axyiesMatiting ofleweldidpsani eAkisir@ihg an
system which includes a two stage CO2 renoval unit
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C&Bmprising less CO; than was present in the effluent stream, preferably from

about 0.5 to about 200 vppm CO,. 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 COs.
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
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beneficial in renoving carbon di oxide froman effl uent

sCPERMYMEr i ved from an OTO reaction process. In an OTO
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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 CO,.

[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
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form ng catal ysts. Polynerization grade ethyl ene

typically require less than 0.3 vppm CO2, and

PRIMMRIUAELT B cHRAe stdzaRY DEBBurs€dut ExBorl divsidehabe terfoved

vppm CQ2. @&-025] Optionally, the effluent streamthat

| §rom the eflentopiraaan sompoghsusRNO RAIONE! TSt RE Ripse8kntin one
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measur abl e amount nus e present. In one enbodi nent,
t mepieobawédndiefﬂotaémlgk\t octhaeitnept stxwam. gr eat er t han
abg 100 v

R or BB biweies Y Sisnre esb P Ballo S 1 B gpPenged caims,

c ﬂ{ebﬁﬁblﬂllt Qi(bef{'Bon Hidx I8 Prérent, inIheeffiRentt sheimahoidtang @@ the other
vppm (0.03 vol. 9% carbon dioxide; and in yet another,

g ﬁ@@an@r desgrbedabesamn, Kodetepned by @as ghomageranlysndescribed in
di tal wei ght of the effluent
taggig‘gceﬂ %@%Z?Agrﬂ gﬁ%gpdgses of the present

spe027{ i cat i dm aothet hemzpipeadedhe| dflnent sthemartbatnis pfovided
car bon di oxi de present | e effl uent am

afYmBHSesHL lggsh o f{;%"%d@gxlmec}’rﬁfg%f e @fow&ed effluent
det 5‘1?1 G A abdllt QBN OU AMIYNSR éﬂ)%§@175 889, kethylene, more
anal yti standard ASTM D-2505. [0027] In anot hér
emdiawgrﬁqm abeutfWiério about SQwtt %aand moiirpmvﬁeméb' from about

R e R e A T S

\Mstr%n@t hyl ene to about 75 wt % et hyI ene, m)re

preferably fromabout 30 vt % to_about 60 wt % and
nbe428pr ef er Abkyotheroembesimentz she effbieptosteganythat is poviged also

pr ) |

L

Skfreﬁlmcbh@hsessfr@hcabiodeﬂo alts% propﬂemes&salactum@awt Yabouptylene,

20 wt % |.ene. ferably ovi ed ef f | uent
more prg erag{)yfrom abouteZ QA) t0 a out 6 o 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



stream conprises from about 20 wt % propyl ene to about
70 wt % propyl ene, nore preferably fromabout 25 wt %

w0 200abeass7 50 Wt % propyl ene, and nost pref er abbgT/Us05/040527
about 30 wt % to about 40 w % propyl ene, based on the
total weight of the ef f1 uent st ream [ 0029]
Optionally, the provided effluent stream conprises a
relatively | ow concentration of ethane, optionally a
Iomer concentration of ethane than propane. For

Ster THAR 285 38R, \A?Fc{})ﬁﬁénﬁa@éd S ale ttal WERIHt 9 $heMfluent
e er than about % et hane, not greater than

aﬂmmwns wt @6ethane or not greater than about 2 Wt %
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Skir&aMconiaRisi 583E eahylaieahmd/@tqpylldmw c DRsiemly, aﬂhe aﬁ"ﬂmént stream
propane. For exanple, the effluent strean1o na

c 6PpPIisss gt Jeast a@@l@aiOewt tarrahylagsoand psopyleng; rrs , tlpro@fﬂuent
g%tg%%[?go&m s FR hindht '%b “/P(ig?fte% 90RO EYRAL Shd P%?glgne,

propane, based on the tota I ght o
ehfdre) preferabllycfeom apO@3L] wi I% tmeltdue 90entbdéthglate aid propylene,

t h ded t t aj
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propyl ene. Preferably, tThe effluent stream conprises
f {@32hbout Stigmalty the peded efflugnt sieam lppmprisesgled greater than

966)‘%%{ g){) ﬁ{ﬁ)@ﬁwg{eﬁf £§ raelg(l Xﬁpeeggr{g e%ﬂgéﬁt sé?a%g@&aﬂgl%gﬁﬂhses

e and ropy
f h@ﬂg@&t@yﬂ]aﬁ @bkt 196000 vepparivah not g&iaet tlmhémi)oampbm water or

yl ene, based on the total ight of the efflue
S0 ﬁ@tel[@elzz Olmétqoemamywatehebaﬁcg% WEdotEk ypigaif the effluent
sg{gﬁgwconprlses not greater than about 15, 000 wppm
For exanple, the effluent streamoptionally

cpon33i ses nix 1sgncﬁameeessmlyam &bs)unvemﬁomommppmfﬂmlemream be
not an mater not at er
e A e e R T A e
t e aRf éﬂﬂU@rﬁtstﬁﬁrﬁ%mau{l%%e hinolst YOk atBERaEstaddditiodal and/or
this invention that the effluent stream be conpletely

dpymprepqadryug eqmameltltf Wilé ritot sher aeavied dhefergnscppratig fhe carbon

3t B, TS GEILHEP: 3 A SRR B
least about 10 wppm water, more preferably at least about 100 wppm water, and
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



conpl ex drying equi pnment will not be needed before

separating the carbon dioxide fromthe effluent
wateeamesOpt i onal |y, the effluent stream conprPGEESANS/040527

| east about 10 wppm wat er, re preferably at | east

about 100 wppm water, and nost preferably at |east

about 200 wppm water, based on the total weight of the

ef fl uent stream [0034] In another enbodi nment, the

effluent streamthat is provided conprises not greater

t RRNFARQN ktrdin Whd 2ol fifdt €0, SpleRRaaireimbILy thet 2€ond stage, the

provi ded effluent stream conprises not greater than
aboutC@Odepleted Grreann|cofifapts,a sasprd (i(hf MRl meduny ireatsepond

t bout, 20 wt % CA+. ol ef ins; the t :
Wb R Emg YA fage dnaet, it Bpf ElfitivedB TEoRE 2 sP%rQilon gf the
mos feth ahd fikeICTY, ddpited efdamanti foxnde sécen®\fhalpCOs elepleted

according to the present invention is a two stage
r 8l process. In the first stage, the effluent

é@ﬁ?g‘ cont ﬂ‘fttﬁisaerm)&ﬁhe%hé SRRV O, MR IR | Rrdnd ipfettrably

moval “zone under ¢ Itions effective to renove
acbinpsides poedtéraharofibdun €.50G8ni cabvhdioidel iRmferady,gberfisat €O;

forma first CO2 depleted stream |n t second ,st age, .
{ REPFEH stroPParapInes GaMS el L ohelRs2) TEUS rarggtionide,
r gf%&%lyﬁ%hy%du@_oas &L e 1662/ phRIMBMBON AR MELRE fpreferably
conditions effective to renove a second portion of the

CoRnf glm; ﬂﬁetlofabmstt 10cm>|nd epben digxisier auhmast dreferahivafrom about
S0 bt P3iohe TR BPEL o, L Al PR Usib A ot o

Caopleted 8egfieat er than about 0.5 vppm carbon di oxi de.
Preferably, the first CO2 depleted stream conprises

f IR Thbout Ghs seepndefds depbesed piseant RFSALLY ORIpgises not greater
, 5
pﬁl%ie%g?! )égpéﬁl%&l?&%%rﬁe. P&Qfeﬁ@%?hé—%o?{@ @@zccg:?t%gégl stream

di oXi preferably from ab 0.5 to abo
V ppinprises o giéateri tHen alsowd Onfo sppip reefbenabdxidé, rrooneaiyefetably not

O Bt L BRI B R HTE A By

TRERAEPNUpsicatsh EbRfdeSbise@BnPhef ik Rlclone @MIRd §&8nd CO;
not greater than about 1 vppm carbon di oxi de.

Pdepletedistrgamt he second CO2 depl eted stream conpri ses

B:f‘gpg Zglt )e/r n asre]coan%otlbz %egleyeﬁps@e%r Fr%ﬁarﬂh? )éiog'l%risé.gogteleast 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.



greater than about 0.4 vppm carbon di oxi de, and nost
preferably not greater than about 0.32 vppm carbon
walemxioekss7 based on the total weight of the secpemuS0as5/040527
depl eted stream [0038] The flecond CO2 depleted stream
preferably conprises at least a majority of the
et hyl ene and propyl ene present in the provided
ef fluent stream Preferably, the second CO2 depl eted
stream conprises at |east about 70 vt % et hyl ene and
PYoUAB] ene. Nehy ieAiBalinenPof €Y Inf6iitions leshyldieréd propylene are
preferably at |east about 80 wt % et ﬁyl ene and )
praspydred@nd itheai sepevatdd| ffomrongsinotet.i Vidiestreamel cap be treated, if

pr.ef.erably at | egast ab % I ng, -

HEpG o Rers el ateati oh O dettbud LB FOFIETT: i prefegae
t abwbveneiogitid @hs st @eX relaplecicd gatasefarmed B0BOEarbon dioxide
Fol | owi ng separation of at least a _pmjority (i.e.,  at

| suedy a5@9fbopc aHeé andr BBRIg; 2xd)dan ﬁf@@ﬁtmﬁﬁnt gpanprising both

e‘:sfhé/}é?i@ tnd gfoggr@ne,e&Jag!l&n {16 t @k 1%595’1%&@&1 e '?éasﬂitﬂligrkgcond

streans ar covere contain at |eas

majOpr ddpfetéd seream dhtol emsthykd®) stehmt el at prepylere amednpr Each
propylene in th rovi ded effluent stream These .
COROVASRE Surt by O BV IR RICERSH- 6 1 WGt Pbfas Rqupyide final
| biddustsi f any further treatment prior to making

pol ymers or other derivative products.[0040] In one

eb®Md] nent &f onchemberimant & cxanplp| e altyneiclyreenreedethylene

are recovere nd _th ar gt 0 noth T
CERUATERISIEE At huly S BRalt P BP0y Tibon
sdpaid | Prefdrably ctierec®@rddosth e hitor piopynp seéanabomprise
however, to acid treat (i.e., renove acj

as i {) d gases
 8PheraaeF than abewdh/ HPRIRicAOB WiaKides mosp BBHFIDLIOY siatpr than
s ?{W 0,65 gfr?gg):arﬁ& QidkideeHd %Eﬁﬁe@e&wﬁétsgr@gemw about 0.03

ene propyl ene, and then sepdarate the |1 ght
olvppirartion ditvade,dmsdd omthestetabmutigBORf thepleetveredsethyams and/or
into an et hylene stream and a propyl ene stream Each
dEFRY F\?ge%‘ﬂsream is then further processed, as is

kipgoa2] i N t hesafllicated oY) Bhe dakbtdl dPkRURfoval BRAYs bMthe
one enbodi nent, for exanple, the ultimtely recovered

ephege@naventivhonclpdespiemayengs eareemsioxsiephometha groydedy efdluent
e e T
néleatPigett effliehdireatioinl ttw0 siépy. pPrefeeaylpahe efflmshtteream@omprises
prreel];t?vre?}P lfe)\/N ﬂ?(tlroga{rggrg %mécl)qnaegts 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 effluent 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



about 0.05 vppm carbon di oxi de, and nost preferably

not greater than about 0.03 vppm carbon di oxi de, based
worobloe26sDt al wei ght of the recovered et hyl enePentdsmns/040527

propyl ene streans. [0042] Asuindicated above, the

carbon di oxi de renoval process of the present

i nvention includes renoving carbon dioxide fromthe

provi ded effluent streamin two steps. The carbon

di oxi de preferably is renoved by acid gas treating the
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stream conpri Ses rel atively few hydrocarbon conponents

t barboratiess eavstic) iahnipa,oadeylar nsigyrsh andi encgrbsancse Particylarly

systens. [0043 ol i [ .d.acj tr

SYStrERes e oTche s tnfibng SHIAC beliRRte) WERLTBRhmer nd
agtlthigRsicktaeat nent systens are preferred. In either
system the acid gas is reﬂnved fromth fl uent
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gl assy pol yner and cel |l ul ose acetate. Sol utions
cont ai ni ng am nes and caustic conpounds are preferred,

Wi th caustic confddntdObeing—nore ferred. Thus, the
first and/ or second CO2 renoval mediumoptionally is

sel ect ed fron13£ gr odp. consi sting 2am.Nes,
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si eves, and nenbranes, particularly nmenbranes forned
of pol ysul fone, polyimd, polyanide,‘glassy pol ymer
af@P4se] | ul ofer perpeses @f theoprgsnt specifivglien predithgmppended edaims,

first,.and second. I V ' ‘ fera »
coRppi€e SyPRRS Mhng et IR PR, 7 ey e an
| ialKalihé) Gorhpundr i@sehitionnwaithi i Rffectiveniy remecingiacid gas from an
mechani sm the CO2 renoval, prqcess of ihf present _ |
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Preferably, the caustic comprises one or more of hydroxide ions (OH'I),
bicarbonate ions (HCO;™') and/or carbonate ions (COs?). “Spent caustic” means
caustic that has lost at least a portion of its CO, removal ability, e.g., a solution
comprising bicarbonate ions (HCOg") and/or carbonate ions (COs?). In contrast,
“fresh caustic” means caustic that has substantially all of its CO, 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



[ 0045] For purposes of the present specification and

t he appended clains, "caustic," w thout being nodified
whyobleeser ns "spent” or "fresh," nmeans an al ketT/I82005/040527

conpound in solution, which {'gs effective in renoving

acid gas froman ol efin-contdining effluent stream

Exanpl es of such al kal i ne conpounds i ncl ude sodi um

hydr oxi de and pot assi um hydroxi de, preferably sodi um

hydr oxi de. Preferably, the caustic conprises one or
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removal process of the present invention. [0047] In
o percentispditraanstic, greatef thast200Tpighicrascant SpaRd calftie ORpraatss shan
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CHost i, OT0 megionpeph@nalihe fasted@iGyr rétheval ateditm? $referably
wei ght, percent fresh caustic, on a, drgl basis._In, ll'ler ns
ofomiprigss 3bgRGdS | WeEhtapsrems fresh apstics fndogpoyt Jpygight percent

' tionally conprises |ess than about weight
gggégg%lgﬁr esh caustic, |less than about 80 wei ght
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percent fre austic, on a dry basi,s. tional th
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p2e dnapims df appertrarge labidu thedgst 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
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
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wore@c0meopt i onal |y conprises greater than 10 wWeCTOE2005/040527
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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 CQO, removal mediums.
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effluent streamderived fro an Oro reaction system

the second C2 renoval nedi umpreferably conprises

about 90 wei ght percent fresh caustic and about 10

wei ght percent spent caustic. [0050] In terns of
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0.04 to about 2 moles per 1ter 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, e.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 cause the second and/or first CO,

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



and second CO®2 renoval nediuns may conprise both fresh
and spent caustic, but in different anobunts. Such CO2
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contrast, if the first CO2 renoval mnedi um conpri ses
caustic and the second CO2 t¥roval medium conpri ses an
am ne, but no fresh caustic, then these renoval

medi uns woul d be of different types. [0053] Optionally
either or both the first and second CO renoval mnedi uns
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[8/058] Y 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 COs, is directed to heat exchanger 102 in which the effluent
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first and/or second CO2 renoval zones ranges from
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about 54C. The pressure in the first and/or second CO2

renmoval zones optionally rahHés from about 1034 kPaa

to about 2758 kPaa, preferably from about 1724 kPaa to

about 2413 kPaa. It is contenpl ated, however, that the
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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 medium 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.



effluent stream 101 in order to inprove the flow
characteristics of the effluent stream 101 and ensure
WO b@b/063867 ef f | uent stream 101 is in vapor fornP@r/USI005/040527

its introduction into the O(% renoval unit 100. [0061]
Vapori zed effluent stream 103 7is introduced into first

CO2 renoval zone 104. Preferably, vaporized effl uent
stream 103 is introduced into the bottom section of

the first CO renoval zone 104, as shown. Upon entry
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Unlike an effluent stream derived from a steam cracking system, OTO derived
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 strearh 140 is combined with caustic make up stream 122,

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



conprises caustic, accunulates in the bottom of the

C®2 renoval unit 100, as shown by first caustic poo
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whi ch conprises a m xture of fresh and spent caustic,

preferably is withdrawn fromthe CO2 renoval unit 100

via line 108 and punped by punp 109 to form punped

stream 110. The caustic in the first caustic pool 107
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rocycl one, not shown. Vortoil-brand liquid/liquid

hyﬂ4ocyclones are particularly preferred. As shown,

p stre ed. i n e, caus
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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
into 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



[0066] The first recycle stream 140 preferably is
heated i n heat exchanger 112 to inprove the viscosity
waewentdesr fluid flow characteristics thereof.P@f/U81005/040527

heating, the first recycle stream 140 is conbined with
caustic make up stream 122,  Whi ch preferably contains

a greater anount of fresh caustic than the heated
firstrecycle stream 140, to formthe first CO2 renoval
mediumthat is introduced into the first CO2 renoval
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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.
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noves in a downward direction in the second CO2

renmoval zone 126 due to grav?]t'y effects. A portion of

the second CO2 renoval nedium may collect tenporarily

on the plates 118, sieves and/or packing as the second

CX2 renmoval nediumtravels in a downward direction.
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[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 CO, removal zone 126.
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The water washing it the water wash zone 132 does not

s ob $tea®®i &bmythafeffbrent streamatediarm adinabCD:idepleted streaonels., the

Ccx2 d Qast d.stream UlLti natel th S ﬁgﬁe
a0t a5 Brriat SR BlHE o TeEBRRE R AReB i Seam
1Q8mptiges 8 tibosit 0.8 aPpprh IRD,, preifetiblp ek eanbibyut 0.4 vppm, less
conpri ses | ess than about 0.5 vppm CO2.
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[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;
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[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.
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[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
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[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
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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.
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liquid or a vapor form or a .
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
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directly to a feedstock entering into a reactor or
wadwedcdsT ectly into a reactor, or added w th BCT/US2005/040527

nol ecul ar sieve catal yst conposition. In one

enbodi nent, the anount of diTuent in the feedstock is

in the range of fromabout 1 to about 99 nol e percent

based on the total nunber of noles of the feedstock
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c Growetht igaseals efflacntanclugepibs use ef platss chre dlbowsfand the like.
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VaSon, PIRBLebln Um0 PRy B0 TEBToEonS oM the coked
( Bﬁﬁécuﬁr Wik 221 REdomPaGHS that ¥ thel-iRrodREERS the regeneration

S}I?Stérg aIrll gr?other 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



Serial No. 09/564,613 filed May 4, 2000 (nultiple
riser reactor), which are all herein fully

wo epwengesat ed by reference. [0095] hi the prefeeT/E82005/040527
enbodi nent, a fluidized bed process or high velocity
fluidized bed process includes a reactor system a
regeneration systemand a recovery system The reactor
systempreferably is a fluid bed reactor system havi ng
a first reaction zone within one or nore riser
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entering the reactor systemis preferably converted,
panfficent tp keep thel datalyst pomprsitidnrigta fluidigedstate oyithin ATECIET.
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C%Kg %r&@r&f léhﬁ) diment, the WHSV is greater than 20 hr', preferably the
WHSV 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 particularly
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,



sieve catal yst conposition, fromthe gaseous effl uent

containing one or nore olefin(s) within the
walewenemgi ng zone. Cycl ones are preferred, howevBUS2005/040527

gravity effects within the djsengagi ng vessel wll

al so separate the catal yst E%ﬁpositions fromthe

gaseous effluent. O her nethods for separating the

catal yst conpositions fromthe gaseous effl uent

i nclude the use of plates, caps, elbows, and the |ike.
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aloettiand D3 F0Fn 0830010, to 1658 Oigin Ibhewe depaetsiably e wt % to
egBIOﬁﬁd in the conversion process, specifically
wPt Bt he react or system varies over a w de range
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i s based on the parti al gressure of the feedstock
X

e%@ltemsawebmocmqy Much o ithis preatesi gan bp}fﬁm@&q:q 9y cpeling the olefin
CRY S HE ec)%&llégr?ate 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



enpl oyed in the process is in the range of from about

0.1 kPaa to about 5 MPaa, preferably from about 5 kPaa
wo eooaloeass7 1 MPaa, and nost preferably from aboetT/B82005/040527

kPaa to about 500 kPaa. [010l1] The wei ght hourly space

velocity (WHSV), particulartd-in a process for

converting a feedstock containing one or nore

oxygenates in the presence of a nol ecul ar sieve

catal yst conposition within a reaction zone, is
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306 hr 1 . [0103] The superficial gas velocity (S

ofnjedt eodlingdwedivia frore lan @iistfedpiige Hrto shradueasle £9lgmn, although it
product s_w_ i hi he r.eactar_i f I gl.ent
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W tidtich caluh@act i on zone in the reactor. The SGV in the

process, particularly within the reactor, system re
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0 rﬁ@rG'rpfeff@rﬁ | 19 Pake8 cofnPRRsion.
O?%eﬁésg%ﬁﬂ%ré@%?@e)ﬁg% %}S}Oeé er tﬁgn 1 sec,coe\?enSl?n
miwe, phreé,efoubloy morastegestdaarbe2usads edth wed ogwthrge ratages being
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P t han 4 nisec. A SGV of from about 15 ft/sec (5

M@1j 0 abopter@blyt He6lefid &irdhif)is iconiph@E&T toed. préRtre that is
for exanple, U S. "Patent Application Serial No.

0greAGS {FBthat 4t vaichithecorygenats tpolofin redstion pragesfeis gifried out.
SRR LIS pek 400 ek B A% 8500 o
QXY 1), imdrs )prefatably & least sisouk 80 psiaqB45 &Ra®) webt preferably at
C?erggtogbiotuit ?(r)]O %gig (g8e9slc<:1§aiab.e%igh 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



in PCT WO 01/ 23500 published Apr. 5, 2001 (propane

reduction at an average catal yst feedstock exposure of
w@roobeexss7 1. 0), which is herein incorporated bRCT/US2005/040527

reference. [0105] According to one enbodiment, the

conversion of the primary ox¥genate, e.g., nethanol,

is from90 wt %to 98 wt % According to anot her

enbodi nent the conversion of nethanol is from92 w %

to 98 wt % preferably [0106] According to another
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contai_ning stream .which i.s alsp referred to as.a .
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colum”as an overhead vapor stream The overhead vapor
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SRR RALILELS ) s 8 DR et
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, 1s

contacted with a solid adsorbent to further remove water and oxygenated
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containing streamis desirab3y cool ed, e.g., by a heat
exchanger, and injected back™into the quench col um.
It is preferred in this enbodinent to not inject
cool i ng nmedi um from an outside source into the quench
colunn al though it may be desirable to do so in other
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col um e conpres nt stream
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€18 one exapié dEhyettes aarraﬁgd’n@ém,vﬁﬁﬁdbctdﬂlsalsed 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, €.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 a 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.



second fraction. Typically, the first fraction wll be
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wa@odoannzesand the second fraction will be a botPONES2005/040527
fraction or additional side fraction of a distillation
colum. [0113] In one enbodi #fent of the invention, a
majority of the ethylene and propylene in the provided
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[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,
ethane, 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-



[0118] Adsorption is useful for renoving | ow
concentrations of water and oxygenated hydrocarbons,
w@emehessT enovi ng oxygenat ed hydrocar bons t hat POERYSI00$/040527

normal |y be renoved by using other treatnent systens.
Preferably, an adsorbent syé%Se'm used as part of this
invention has nultiple adsorbent beds. Miltiple beds

all ow for continuous separation w thout the need for
shutting down the process to regenerate the solid

agdsAiARB! strel@r inGRM4EIs cobled ahBRgered @l&teidily condensable
typically one bed is on-line, one bed is regenerated

ofémponeats aspeorslenssidr d bed is on stand-by. [0119] The
L q g N g _
Zg@g? 1C a %gé Qgﬁél%gnegiséo%lﬂn%%ﬁ@gt\g%éh Uélflgnéé"whlgﬁ are withdrawn

ent bé es of contamnants
b&iong thee qustet. tolveargiicethrafghs ol botkoadskimd808.s Aoportion of the

e entedoRgmerarBe i ia BoRE o 2 0ckEEnD fHeqiabaes the
| peded %oxﬁ%r‘*wgnil%ﬁ c%hlpbfiéhts lfiﬁn{eoz 19 &E@ragﬁldﬁ*@ ¥b&¥ed in a cooling

sl eves, ( m ol ecul ar sieves, _ )
akity en® ;> Beat iexcitapger (Betdshovo)htsaiasitygravide aicedingfmediegrn do cool

si.eves or ltipl eds ving different adsorbent
s&W&?@B?P%@?J%@@“F’BWF%ﬁ@ve water, as well as a
Veo18l Yy of anyglefirtestainitd wpar Rovislded GloadtheQpenol tdwre206

adsorption beds can be arranged in series or paralle].
| Hhroveh eveshgar stream 2 12e fheolefin-eopiapimgtvaper isjcoapressed insone

t . . :
A2 AR 19 TR o010, LGRS
r eptotiailyg pasgedehrough dinp @léarto axyatenatisecptopaniie?] &ar Metlembl is
in series. As speci fi c_exanple of one type of
PrlTaaited st ooy PG aspHET Bd S iy g foBRvaeR okt grater
A 5D tfdn3umiM 1 SR SN Bie ﬁ()gvﬁieth-ﬁ%l_sarﬁp&ntfa%eﬁr\ﬁﬁer, as well as

followed by one or nore beds containing one or nore
| ewne orymobicy,caradsprisehasa botomastrean grgegh ey 822. The light

| i ., 13 / hj_gh f .
1D af nonp Ve e ea s Myt et 208 §6%n 3 fPrises
[ @14k alifitianes gkt s1ehadi OBidnally, e bifieht Siedni $24is3effo an

(0.36 nm nol ecul ar sieve capabl e of selectively
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opaEral ed at Asrdiscasdedtie grrercatienid absveawith reference to Figure 1, the
CO; 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 CO, therefrom and form a second CO; 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



el evated tenperature as required, and with either

upward or downward fl ow. Regeneration of the adsorbent
woreoenesmbs can be carried out by conventional PEL/OSmSs/040527

including treatnment with a s;Gream of a dry inert gas

such as nitrogen at elevated tenperature. [0123] In

the liquid drying system a water absorbent is used to

renove water fromthe first fraction. The water

absorbent can be any liquid effective in renoving

WadcBhd I acpieed &fdath 354 @apeldBa &foms akl €O, rhifovtalt 250 and

absorbent is the sanme as that previously described.
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pagiterably lLess than 1 wopm Preferably, |ess than

about 10 wppm oxygenat ed hydrocarbons, are present in .
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by reference. [Q126] Figure 2 illustrates an OTO )
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The ol efmcontaining streamin |ine 204 opti onal [y

c engretieseaf witehham dncospaigtied hereindpegfsencgr opy| ene,

pr e, vaki ous [ e
CIEPBTGH i ne PHE 2 YT LA b A sty e is in
olfipfd cormmohiaationngits frugdred readton202. As shown, at least a portion of

the catalyst compositions contained in fluidized reactor 202 are withdrawn and
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



204 is directed to a quench unit or quench tower 206

wherein the olefincontaining streamin line 204 is
waeowb®ee26and wat er and ot her readily condensabl BCT/US2005/040527

conmponents are condensed. [0127] The condensed

conponents, which conprise water, are w thdrawn from

t he quench tower 206 through a bottons |ine 208. A

portion of the condensed conponents are recycl ed

through Iine 210 back to the top of the quench tower

208 alydtNBorRFVRARIE Ha§ Betomeng RA pirefipr abloivae® CDidtas, the

in a'cooling unit, e.g., heat exchanger (not shown),

s modesutap sisv o vatalystecoopebiting baeamasat degsirsstialbyked. In order to
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ﬁ%ﬁgfygrlgﬁpﬁe@iﬁms il @%gpﬁer‘af&iz@_@%lcxnms;@ﬁ pgfaasl@,, the

0 a water absorption unit 218. Methanol is
peeippedibdtylysisechpasitivhés watsportabiscr hedized smadnérghfoggh tenduit
tE? top portion of the water absorption unit 218
t Bugh line 220. Methanol and entrai ned water, as

WE134fS SOMEy Q4HBRDAleBSherAGIE 238 Qlﬁs’itsﬁq)fp_é@ cat41pdtt @Bposition
stream through |i'ne 222. The light olefins are

r eeBods adeganeatigh mediuy.apiSEb L FOMPIETIRG 8XYasAnyEn conditions
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aggbiehérarahe calpstedaPosition compined grren. ( A9 sheguin) regatbration
heat . exchanger (not shown). U ti mate] the effl yent

stiredi 2mtpducsr Bt e cetawag?meraﬁ%ﬂwugfslme {1504 the
25 LSRR AR Sn e bl RQMEp Bl by
i iy efhidrednasnitenot @DR arabysbrezkbnaratoe 238 Backstodhe flualifeidrrsactor
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effeCtive to renove a first portion of the CO2 _ .
t skovet,r ey zaendraiedh eatdlysts cormmpitinep laddidanallyr eangltematively is

is.directed to .the.seco
o SIS GeBopAR b A SE AR i T P G Fouchalob Bas 1 one
C @R tndstk Sofaths eliddide dCEFactor 2 adndroedihe reatibydt ytrih@er 234. In one
conditions effective to,ren?ve a second portion of CO2

@

t Ebedimsa. i eVm & RELIhAT dis qaiplyel eqmissitinin 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



[0130] In the upper section of the CO2 renoval unit
250, the second CO2 depl eted stream preferably

W@ wbAaet6s7 wat er from water stream 253 under condi/USINS040527
effective to renove entrained caustic salts therefrom
Utimtely, a washedsecond 6624 depl eted stream 254 is
yielded fromthe CO2 renoval unit 250 and directed to
a separation system 226, which optionally conprises
one or nore separation units such as distillation
c absor ot | ' / ' | ferabl
[ 2SR USSP ear 0l cBimpBRon Y rttpufitd. preferably
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st.ream 254, . Thus, separatio stem 226 for a Light
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catal yst stripper 4,. th talyst conpositions .
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Nighd @Bt SNAOL tEANHI fre@ns it hh Efliene stréani RIFEVE] from a steam
interstitial hydrocarbons fromthe nol ecul ar sieve
caragkipgtsysiomposi ti ons. As shown, stripping nmediumis

i ntroduced into catal yst



stripper 234 through line 235,

and the resulting

stripped stream 236 is rel eased from catal yst stripper

WQR36/063657 onal | y,

al |

236 is directed back to flui
During contacting of the oxygenate feedstock with the
nol ecul ar sieve catal yst conposition in the fluidized

react or

may becone at

202,
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is,

or a portion of strippedPGL/USANG/ 040527

i zed reactor [0133]

t he nol ecul ar si evecatal yst conposition
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In order to reactivate the

| east partially coked.
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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.




[0135] As the catal yst conpositions contact the
regeneration nediumin catal yst regenerator 238, the
wo eovpesmtUr e of the catal yst conposition nmay i PCT/88805/040527
due to the exothermc nature4oof t he regeneration
process. As a result, it may be desirable to control
the tenperature of the catal yst conposition by
directing at |l east a portion of the catal yst
conposition fromthe catal yst regenerator 238 to a
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Top 8 10 0.000 0.000 0.061 0.041 0.07
Top 9 10 0.000 0.000 0.041 0.028 0.05
Top 10 10 0.000 0.000 0.028 0.019 0.03
Top 11 10 0.000 0.000 0.019 0.013 0.02
Top 12 10 0.000 0.000 0.013 0.009 0.02
Top 13 10 0.000 0.000 0.009 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 steam cracking system comprises substantially more H,S than an effluent

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



On a dry basis. The remai nder being fresh

caustic. Table 2 : Renobving CO2 froman OTO Ef fl uent
weeaeassn Two CO Renpval Zones On a dry basi SPCTV82005/040527

remai nder being fresh caustig. [0138] As shown in

Tables 1 and 2, above, an effluent stream derived from

a steam cracking system conprises substantially nore

H2S than an effluent stream derived froman OTO

reacti on system and about three tinmes less CO2 thanis
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resi stance bet . S.C ' ..
CERND AT eBe IRkl M (B0 Brdsbft BUMRRMC LB Hbect, it is
[ BdKichkd et kHigineasasdddnhyunt o6 freshbmdstidie necegemy toooverédme mass

w il be appreciated b ) )
transfer res?s?ance between Yhe 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.



those skilled in the art that the invention may be

performed within a wi de range of perineters within
wobmb/062%5T| ai med, w thout departing fromthe spiT/U$20851640527

scope of the present inventign. CLAIMS W claim 1. A

process for renoving CO2 froman effluent stream

wherein the process conprises the steps of: a.

provi ding the effluent stream from an oxygenate to

ol efin process, wherein the effluent stream conprises

gcgd st han about 100 vppm CO2; b. contacting the

efftuent streamwith a first COrenoval nediumin a

f Weclaimae renoval zone under conditions effective to

renmove ,a_first {i _

F7one R AP B O B S LATIADE, SRR prces
f r om abempriéesdhd epladut 200 vppm CO2; and c.

contacting the first

. depleted streamwith a cond
CO0 rerval PrRHIBEe ETHuSE SHFRM dep PR AEVERNalsdA ISR cess,

condi tions R Ufcdin 9Bt afePfHah @Bo@f10b
coz fron1thgh?ﬁﬁigﬁﬁﬁg&ﬁggﬁ%téé g??ﬁagggnd forn?a h%pm

second CO2 @€pht eted stream conprising | ess than about

0.5 c2. 2. T f claiml inthe .
ci 11 uont. &t Fanfiingey POBECTednaf fdlru et s bigfm i

CO2, preferabiit gosat@bvdl HRAe aBBe cordRionp RIficEiTkE tonRhRve a
preferably %r eater than about 400 vppm CQ2. 3. The

process of é&rginertionoef the Gfpe fremnthe [gélygnt ireanpand form a first
depl et ed i .
vobm o, - pCSPOSERTR 434 oo IRty sbaty b G284 248 vppm

Cx2. 4. The(Qw,peess of any one of clainms 1 through 3,
wherein the second deplete tream conprjses |es
than about GoMAGEmTEORS b Or cenifigf FEEN Rith: Auseen CO:
0.32 vppm Celgnval TLRA %@%@cdci‘:lfgz @OY ré2PHokd Bhd® cdnditions

through 4, wherein the first
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 CO,, preferably greater than about 300 vppm CO,, more
preferably greater than about 400 vppm CO,.

3. The process of claim 1 or 2, wherein the first CO, depleted stream
comprises from about 0.5 to about 10 vppm CO,, preferably from about
0.5 to about 1.5 vppm CO,.

4, The process of any one of claims 1 through 3, wherein the second CO,
depleted stream comprises less than about 0.4 vppm CO,, preferably less
than about 0.32 vppm CO..



removal nmediumis the sanme type of solution as the
second CO2 renoval nmedium 6. The process of any one
wo@booeledess 1 t hrough 5, wherein the first CO2 penosmbs/040527

medi um conpri ses greatermthqg about 60 wei ght percent

fresh caustic, on a dry basiS.” 7. The process of any

one of clains 1 through 6, wherein the first CO2

renmoval medi um conprises | ess than about 40 wei ght

percent spent caustic, on a dry basis. 8. The process

of_any TRE§r&ess bRiall§ chet S OldBls T, thdu@hed, nwhéteinf ihesfirst CO,
renmoval nmedium has a weight ratio of fresh caustic

to spermaevalistedim inthe samg tmesefssoluiongasdhe sgcop 402 removal

about 1.§inﬁgeferably greater than 1.5 and | ess than

about #%6"hore preferably greater than about 2.3 and

| ess than about 3.7, even nore preferably greater than

about 2.8 and | ess than apout 3.2. 9. The process of
afly ondhefPreqest 9§ a1yt ieoRighlans hnibraeh SrehEBEoNg %@Fz €0,
removal. medi %{@dﬁﬂmohﬁ?%%sg dfe? lthdr 8o My eibh O p¥ye ke NEresh

percent spent causti c, ry basis. 10. The process
of cl acansfi¢, omedryibasishe second CO2 renoval nmedi um
conpri ses greater than about 1.0 wei ght percent spent
caustic, on a dry basis. 11. The process of claim 10,

wher ei Tht HRo&8E @R GnGhe! 6MBMahs TeMidiigh @ SwhereRi Bt first CO,
rati o of fresh caustic to spent causti on ad

. C ry
basi s, removg eredivmt pRIAPTSH UEsSs thanapkput s weight Reiesmt spent
19. 0, 8&§E§%%H¥#g%58§ter t han about 8.5 and | ess than

about process of any one of clains 1
through 11, wherein the tenperature in the first and

second _CO2 renoval zones nges from about 380C to
aBout BBE,ProFest of ABYyorer ohdeu{ t_i‘é‘t‘i‘ggo%a%‘if?l%ﬂ‘@dim €O
13. Th ?erﬁ?]v%? Gl hay w%[%(te 9%&0%@&5@1 c]au§tfért9dlé$%nct);c%ustic, on a

wherein the pressure int irst and secon

r enovaldryzbasis of gnepte thamababoul, rofdmbkPgreatep thamolib and less
gzgg tg%g’abg{lteé{.g,rﬂalggeypr];{ega@l}g gr%léltter ﬁlé%%blétﬁaf3 tar?d ?ets)s? H}an about

3.7, even more preferably greater than about 2.8 and less than about 3.2.

9. The process of any one of claims 1 through 8, wherein the second CO,
removal medium comprises greater than about 1.0 weight percent spent

caustic, on a dry basis.

10. The process of claim 9, wherein the second CO; removal medium
comprises greater than about 1.0 weight percent spent caustic, on a dry

basis.

11.  The process of claim 10, wherein the second CO; removal medium has a
weight ratio of fresh caustic to spent caustic, on a dry basis, of greater than
about 5.0 and less than about 19.0, preferably greater than about 8.5 and
less than about 9.5.



14. A systemfor renoving carbon di oxide from an

ef fluent stream from an oxygenate to olefin process
W@ewpn6sng greater than about 100 vppm CO2, tPET/ByRDIE0M0527

conprising a CO2 renoval uni}j, conprising exactly two

COX2 renoval zones, wherein the CO2 renoval unit

renoves a majority of the COfromthe effluent stream

to forma final CO2 depleted stream conprising |ess

than about 0.5 vppm CQ2. 15. The system of cl ai m 14,

wher ei ITh peodesPofl @yavialof thairhs 1 shrowgh 1 1yivcheesimthertempératime in

with an oxygenate to olefin reactor. 16, The system of

cl ai m 1 figghandpesondt £ Quapmp¥hrPRes 1#HBTS HeRaboRS3E felo about

ef [ | ueRkoc i eRmbly Al AnIARECIDIRRLHAN colum, and

t he water ’absorpt’ion colum receives the effluent
stream froma quench unit, and the quench unit

receiv the effluent streamfromthe o enate to .
olléf i n TPERERGSH 0 2PY Off 3T ERERL hIGPoein SHEFSH Teirypipire the
t hr oughirdiGind WORMAICD L BRI HIZoh& TN Ss frith hbduiMOBE KPaa to about
conprises a water wash zone. 18. The system of any one

of cl ai2g8 kBaa, hrederghly from elvait 724 klitee tefbouiddi3 kPraeam
conprises greater than about 200 vppm CO2, preferably
greater than about 300 vppm CQ2., nore preferably

gneat erA &iidin FbOHMANE vabon ARideOfrorhhn sfflsie@tmthmafiym an
one of clainms 14 through 18, wherein the CO2 renoval
unit coxpEakedo Hlefin procespgompry)g Rreatsh hanrbodt -y CO»,

CO2 remny [ ' ggpcorngﬁcg

i s adde %tﬁgg?lpirq@?é&go?er%ﬂaéﬁ uzone n &%les){esgg%g% C0:
CX2 r emouaval meoiés, mhesimtiedOt ocrhdnal siet ortloGSPa neymwitalof the
zone, t f.irst r enoval di.um havi n i ght

orto U fiokh the Rt et Tk fnap s Qadgled stream
than abgmbriding 1&8 thah@BSutl(1RpAERAG,. 4. 5, on a dry

basis, and the second CO renoval nedi um having a

wei ght ratio of fresh caustic to spent caustic of

gr,eat ert han, about .1. 0 gnd | hap~about 99.0. on. ag .
5 badhe S Bt R 008 Gty 87 tuid
first CoRAni@iBaYah withdinlbXypaateo \Widfhteadtad i 0 of fresh

caustic to spent caustic of greater than about 2.3 and
16. The system of claim 15, 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.

17.  The system of any one of claims 14 through 16, wherein the CO; removal

unit further comprises a water wash zone.

18.  The system of any one of claims 14 through 17, wherein the effluent
stream comprises greater than about 200 vppm CO,, preferably greater
than about 300 vppm CO,., more preferably greater than about 400 vppm
CO..



| ess than about 3.7, preferably of greater than about
2.8 and |l ess than about 3.2. 21. The systemof claim
wda 206062620 wherein the second CO2 renoval nedi POT/OS®0R040527

wei ght ratio of fresh caustig to spent caustic of

greater than about 5.0 and Té&ss than about 19.0,
preferably of greater than about 8.5 and | ess than

about 9.5. 22. The system of any one of clains 14

through 21, wherein the final CO2 depleted stream

cogpri laiths4 4 LB, whéreintthalg 1
"R | e S%%%ﬁff%ﬁ%%ﬁ%%%%ﬁc& A Femoval bnrroe

i n fl uiwit compuists cafiisb@Onirernoveh zamromded secobh Cpge@ayal zone,

the CO2.renoval unit i ey
remvawhfffﬁégatl‘rit Eb’Tﬁ%men%i nFciéedrqrogn\}a %gééf 9 wc& g gemoval
oher el Bofdnd ek GRCD; wenickaCaieitng 65 adddd osthecaioid €O;

wash zone and a second caustic wash zone. 25.
r enov arenaiial zeste, tiedirsh G igmoyal m?clwmﬂ@wmg&ﬁwg@. TAYP %.f fresh

wat er Washc 1o Qfent 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.

20. The system of claim 19, 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, preferably of greater than about 2.8 and less than about
3.2.

21. The system of claim 19, or 20 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, preferably of greater than about 8.5 and less than
about 9.5.

22.  The system of any one of claims 14 through 21, wherein the final CO,
depleted stream comprises less than about 0.4 vppm CO, preferably less
than about 0.32 vppm COa.

23. A CO, removal unit in fluid communication with an OTO reaction system,

the CO; removal unit comprising exactly two CO; removal zones.

24. The CO, removal unit of claim 23, wherein the CO, removal unit

comprises a first caustic wash zone and a second caustic wash zone.
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25.  The CO, removal unit of claim 23 or 24, further comprising a water wash

zone.



