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WD 2004/ 094355 PCT/ US2004/ 012415 " SELECTI VE
DI METHYLETHER RECOVERY AND RECYCLE IN A

WORIKBNGES TO- OLEFI N PROCESS" BACKGROUND OF THBECT/US2004/012415
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sought a source other than petroleumfor the nassive
apdanthdrtchemicaf reaetionyalighi adbBng ineludactylkaedadpylione andppixyures
the demand for these light olefin materials. In other

WeHeds Thefeli 12 bolefBik atd es@dntibguildingShlbcIREoS RN dcRS pétEiBEmical
to vvork inthis areais to find a way to effectively
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has been focused on the possibility of usi n% ‘
wyarBicappidirabuybdindrisked supply copsideratiers the edhpylong sought a
met hanol, as a prine source of the necessary
salitoerotizrithen Hetetisioivk the xspiye m@betsticarod rpantatarislsathhtyare needed to
attractive because they can be produced from such

SObBE/ the déaeaiol Blek&li g tofdfinthsteAsls CRAtherWdrts, dhe ]ﬂﬂ? grail of the R
recycled pl astics, various carbon waste st reans rom
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tur art 0
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f°||°Wﬂn9 rocedur es: manuf act ure of nt hesi s
dgngndspcalt ﬂ)e&r@féwwvm SENAR Befedley é@%iauop?s yj\sgqqgt dgal of the

ni ckel or cobalt catalyst 25 foll owed by the
il larthkorstentioe hisdreoh feopstdasihs pstsa’elpilit},scbfngurgdiwimoaehoyl oxygenates,
hi gh pressure with -1
and more specifically methanol, as a prime source of the necessary alternative feedstock.
Oxygenates are particularly attractive because they can be produced from such widely
available materials as coal, natural gas, recycled plastics, various carbon waste streams
from industry and various products and by-products from the agricultural industry. The
art of making methanol from these types of raw materials is well established and
typically involves the use of one or more of the following procedures: (1) manufacture of
synthesis gas by any of the known techniques typically using a nickel or cobalt catalyst

followed by the well-known methanol synthesis step using relatively high pressure with
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WO 2004/ 094355 PCT/ US2004/ 012415 a copper - based
catal yst; (2) selective fernentation of various

we@e@andsagri cul tural  products and by- product BCT/IS2004/012415

order to produce oxygenates; or (3) various

0002] G ven_ the
?ﬁ%ﬁ? len @ R ETO PN sb PRI e bty

enatgg %J rom al t ernative non-petrol eum raw

?t? A< bypredugts inipader i BIoder SYSaRae% PERY VaFiBkenTRigations of
for catalytically converting oxygenates such as
Hheshigalotiquest o t he desired |ight olefin products.
These light olefin products that are produced from
[902pet rGivet them bl shieavund ved leltrioatnstechilogdds fopproglacifg oxygenates
avai l able in quantities and purities such that they
b aueﬁxa%e RBAGRAEIEm HwdRAESHIE, FRMP h%@&gea%n%ff&ehmocedmes

materials that ‘are presently produced 10 usi ng
gp“:ftcgl& Sﬁ%gﬁf Qgr%v%ﬁf'n&(ﬁja%g?agr%t Q’ m%ﬂ%ﬁcglqgttgl 191? g%s\érgd gxfgﬁp olefin
BIRp ha 2t hEber oroREth ﬁr%%%%&mpird%sééﬁﬁma%%bawd raw

primarily because of the availabilit commercially
pratsvials et vhAolsshmatrdsbls in gedmtises plmtreew@whetf thehare

prior art has revealed essentially two major

irearbiringeigide tlhddwimstreadlippeusssegiwith thecmneanisitian aed presently produced
met hanol 15 to light olefins. The first of these MIO

QL{IQ% §§t§ﬁ§uﬂ1 Sobase @xl@lﬁugﬁﬁﬂaﬁ{ G0y RRReeRse RBE UlsCERe M the prior

a catal yt| cal | y conversi on zone cont al ni ng a

%Jﬁcﬂlé gﬁ c1£%§r8%‘%20f&§% @&’ 1%5]@%?6&3@1?5@86 %ﬁg@ Eleas%rlgé?l gl(q)t olefins has
i rtﬁe&‘i&éﬁ@?%ﬂr?regﬁﬁérr‘?%oﬁémﬁaﬁr eapatAts avpaligror

catalyst system wherein the problem of DME recycle is
eommipsialyquageronethrol 2gnthesihivolnedee yd ilsish issieef. thaptipoarthas
good yi el ds of ethylene and propylene were reported in
telveded 268ntlyenio, mijbeechindues thi ateadiycussdeonca@pivt eftnethanol
by substantial formation of higher aliphatic and

p%rr?breﬁnb ypire%@r &qﬁésemrrgfbré&gse@@g BRLESR egf@feehﬁ&%d

be useful as an engi'ne fuel and specifically as

gn%%%?rl {Vgﬁ ‘%’f\?H% %{aggﬁ 5 VELS Jahl z%tn%% ntg%n{& y‘aeohtt 8%y1%ehof catalyst

anoun nat eri uce
aten ees of the ! agent propqs ,
BriSHtatcaie Ry ooV okes S dnBr 2 dhiseds? patent
the, MIO conversion step. -2

reports on a series of experiments with methanol conversion techniques using a ZSM-5-
type of catalyst system wherein the problem of DME recycle is a major focus of the
technology disclosed. Although good yields of ethylene and propylene were reported in
this ’263 patent, they unfortunately were accompanied by substantial formation of higher
aliphatic and aromatic hydrocarbons which the patentees speculated might be useful as
an engine fuel and specifically as a gasoline-type of material. In order to limit the ermount
of this heavier material that is produced, the patentees of the 263 patent proposed to
limit conversion to less than 80% of the methanol charged to the MTO conversion step.
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WD 2004/ 094355 PCT/ US2004/ 012415 This operation at
| ower conversion |evels necessitated a critical

wasmessssent of nmeans for recovering and recycPCTIgS2004/012415

only unreacted nethanol but al so substantial anounts

. ' ' r f.0 f
Phis Do bon bR GERE N BB Pt Blecs AR itTal R0 Bont (Fincans for
met hanol scrubhi ng st utilizing a er solvent.in
BORURINEGTAFFSYETRR TP o HriBacied @E&@@@Y@E flse 3pestarita) gounts of a
light olefin value of the unreacted methanol and of
DME initenmedinseipradecty The foght thenef theddeBpataniiigvension yagtiggrefore on
work with a zeolitic catalyst systemwas then foll owed
N DME and betiabl dcribtingaepatilyzingo wates solventas brdgateefficleatly and
use of a zeolitic catalyst systemlike ZSM5 for

PHERQER S SptiT8 mﬂg%l/{g 'ggslfitn valRfdf fife udSnofed@B8thardal ahd of the

represéntative of il'"s 10 early work and it

%gégﬁﬁgﬁggggwﬂqﬂw@istinguished the German contri bution

zeolitic Catal yst based MIO route to |ight
olefins. The jnveptor of.the ' 373 tent made .t
K033 17 s ey HrOME A goqlfioCa et FYSiam pae s fplowed up by

the first of which involved recognition that a i
tsriviebit Oall Cqshpany Wibutlep aowizaied dheisetaf ageolieedalye system like
substantially above the preferred range that the

Zenvie fonmirf@eses of making $ight @bfinh &i8-AuHGE3Te0 repregantitive od Mobil’s
15 make the commrerci al equi prment of reasonabl e size
@ﬁ?}nwﬁﬂk'ﬂﬁ%ri%@dnom?&i%ed hiRVdis@igRsshad the G&fiah@entribdon &/his
pat’ent recogni zed that as you nove to higher pressures

for..t i LI g W 3. Qr . b

e FupREbLEE SRR E Ly ol R b S EPOIhE rent made
there i s a substantial addit]i |. I oss. . of.. that. wa

bt S @RI G OB AUHORHO (o Argic M OO0 En 18 gt hivorved

| oss i s caused by dissolution of substanti al )
treagnition gt s tomwEGial planttraldargyo RPeTRE A PERGFITS sEbstantially

by- product recovered fromthe |iquid hydrocarbon

abdveahe pistartedrrange thatahe Geemar workess is ¢lnafiaidnad siggested in order to
ot her significant contribution of the '373 patent is

pRRE HRdon{hQbial ERREHEAQT r&@koddbe ditOMhELORBeRIL HRFE H6w rates are
n FIG 2 which "promnently features a portion of the

t.h | f i - V.er . ' "
JEHIE e SRR RS0 e LR R SRR ot
exist a high affinity 25 between et hanol DVE .

REbD ene dB AT 3¢ Fepticl SRy So01GF EHEDER GBng o gyfamercil plants,
required -3
the?e is a substantial additional loss of DME that was not considered in the German

work. This additional loss is caused by dissolution of substantial quantities of DME in
the heavy hydrocarbon oil by-product recovered from the liquid hydrocarbon stream
withdrawn from the primary separator. The other significant contribution of the ’373
patent is manifest from inspection of the flow scheme presented in FIG. 2 which
prominently features a portion of the methanol feed being diverted to the DME
absorption zone in order to take advantage of the fact that there exist a high affinity

between methanol and DME thereby downsizing the size of the scrubbing zone required
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WD 2004/ 094355 PCT/ US2004/ 012415 relative to the
scrubbing zone utilizing plain water that was

wGeawgesssl by the earlier German work. [0004]PCT/US2004/012415

Primarily because of an inability of this zeolitic MO

rqute to control the anmpunts of undesired C4+ .

PRV D e are s mecbein ek Haat pispysuzaesisd baythe carlier

catalyst 5 system the art soon devel oped a second

(PenebRees si on technol ogy based on the use of a

non-zeolitic nolecul ar sieve catalytic material. This

BO0OdEh afrithiel yMEEAE bf s irpbilingpithiseeslitic MTG taaé ateddyrol the

reference to UOP's extensive work in this area as

B@RAA OF uhdbsirBd 0B+ OY8rdRAbEA bfodatts Wb &Re U5y Are2RM1H f catalyst

EBQH OF uhsirBl T Y SrpabeRbidabis fY epr%@énteat A pe of catalys
| i ' e | o S

S A 3 T AR b oMM PO BTGP 1S R st thewse of

conpri si.n sil i coal um.nophosphat e. nol ecul ar si eve

R B SOt S ARG BREEAY Shis frasahe QsbEbart is perhaps

that is known as SAPO- 34. This SAPO-34 material was

bests Hipstrated &y aefaropee (o HOPH exédnsiveiwdrkyn fhiy ated ghteported in

olefins with a nethanol feedstock and consequently

wemngrols patsk et whioht Ues\-5095 16B.USd6$26308 and US-A-5191141 are

corresponding light paraffins and the heavier

reptehtalife. ThY $cSARPPeRcR kY FAD MRl RBERAGH, Ss primarily

known to have at |east the foll owi ng advant ages
IAVE= | 11 - ; e Li_ght :
BRs ohSink DR E SR b g AP KL Beh s Thglsgtarsieve
ities of methanol. co ted;, (2) capability of .
A0 B3 5ans Poterry Rt oA PRABeEH PR EraRR o5 SAPO-34. This
g&pgylene w t hout the necessitg_of the use of
PPadst wpieaal wahipynd ta haveparest high seleetpstytfor lighspdefatsevith a
et hyl ene and propyl ene fromtheir correspondi ng
pathahéli feedsrak agd cofs8yuesiiyrvatyyloROseldcriivities fqrthemeddsped of
by- products such as stabilized gasoline; (4)

édr@s%@idmg NgHtQat@fitSand ti@hedi @ Mtfidrials. This SAPO-catalyzed MTO
et hyl ene-t o- propyl ene wei ght ratios over the range of

%) §6él:hti9k190v71§foébal3¥ ameggtgﬁé o}lé%i@%dﬁ?&%%e%fr 1|‘a§$? gggtge g%?gétlc

nversion condi tions; an
e.in h conversion zone relatjiye to that is.

@%&%ﬁf@ﬁe et e et edpeft ot aqfahgilg?leépgﬁwal qugnpgs of
Despite the prom sing devel opments associated with the
mathanel £0aY§yiedd (2 sapbdity of diseqt gedoveiytof obsnargraderaghylene and
probl em of DME co-production is conmon to both types
prépylene without the necessity of the use of extraordinary physical separation steps to
separate ethylene and propylene from their corresponding paraffin analogs; (3) sharply
limited production of by-products such as stabilized gasoline; (4) flexibility to adjust the
product ethylene-to-propylene weight ratios over the range of 1.5:1 to 0.75:1 by minimal
adjustment of the MTO conversion conditions; and (5) significantly less coke made in
the MTO conversion zone relative to that is experienced with the zeolitic catalyst system.
[0005]  Despite the promising developments associated with the SAPO-catalyzed

MTO route to light olefins, the problem of DME co-production is common to both types

.
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WO 2004/ 094355 PCT/ US2004/ 012415 of catalytic MIO
routes di scussed above and vari ous measures have been

weoggestsesl in the prior art to recover and reRPYDUS20DME2415

fromthe effluent streamfrom an MIO conversi on zone.

[ - A- 4 26 rel gtjvel i gh pressure )
ettt G es Al ghivadnd VednE o ies o higee sugsested in
solvent in order to recapture and recycle the DVE 5
thspeioraditaFesovaangd ﬁ@:ygbégw froma theegffluenisghamp fwss e MTO
with reference to this '263 patent, it is pointed out
¢drarersidrezopg Amil $8\-4382263 3 @iedi vél e gle pressuraDMI® @Bsoktéon zone is
and the fifth exanple was run at an even hi gher
fogasitlieingfa peE0v d&aclveReinQrddrMe rddapiuay fI¥ERE Yl the DME
suggested by US-A-4587373 focused on utilizing a nore

I | o b , . .
e B T o T el h 8 R SR RO P53 patent i
t he. onver si o eactor be diver ot DIVE
S o SRRl e s et PO K anl e B exampte
recapture the DME contam nant fromthe ol efin product
WRT RAR argyen highes psessieg of 4800k netad thesigaprevements suggested by
commerci al plant size by operating the MIO conversion
YU8elo 1687313 facusatioh utiligihg n npore kefficiand DVESslvest ihhk DM
suggested by the prior art and specifically focused
ARoptibe 26hOindREs Ak AT d3hatR kAR LME nt@liR81i¢ RaH to the MTO
operating the MIO reactor at 15 this high pressure

Al [ L e -

S BB A e Bhte, 838151100 50 5540 more effcienty
rincipal arator in the effluent work-up_porfion of

Fhp B DYER iR Rhah e Bt et il SRSy § ppment

di ssol ved DVE from t he heavy hydrocarbon by- product

RPpRsshio Tedupmeamaeictl planhsizhly ppaselingcthe MTQfcomyagsior regetor at a

the '373 patent, it is proposed to strip the heavy

thyclr ighertpoeletyd pressiue than eco veggedteti byrthd préoriri amlrspecifiBally
separator 16 in stabilizer tower 26 in order to

foemag ot ageddi6r opetation af 530MeP PN ndtéd RaNGHrag tHE BBRD Y&Eior at

therein while simltaneously using a nethanol solvent
thfd HifPprefMFe @Ql?jlﬁrahg{;v sAbstantihP hdks ?th%thteg{;%)@drg&rl?on product
practice a product recovery tlow schene qui srm tar
o _that disclosed in F|G 2 of the 373 ent in

S8 anet el gt imsCinal Cpnfatstap B S et vBBk R parihn of the flow
systemin a MIO conversion zone, | have now found a
SF%‘?I?‘F} ainless gfppseyypresaken to strip dissolved DME from the heavy hydrocarbon by-
product stream. In particular, in the flow scheme of FIG. 2 of the *373 patent, it is
proposed to strip the heavy hydrocarbon by-product recovered from the primary
separator 16 in stabilizer tower 26 in order to recapture the value of the DME
intermediate dissolved therein while simultaneously using a methanol solvent in the
DME absorber 22.

[0006] In my attempts to practice a product recovery flow scheme quite similar to
that disclosed in FIG. 2 of the *373 patent in conjunction with the use of a SAPO-type

catalytic system in a MTO conversion zone, I have now found a further problem
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WD 2004/ 094355 PCT/ US2004/ 012415 associated with the
use of this flow schene in order to recapture and

WO eayode53 he DVE i nternedi ate that contam nanPGT/UR®04/012415
effluent streamfromthe MIO reaction zone. | have

f d. th f rt n of, the methanol feed to th
ORISR s s BRI B0 Ronsibin SRaet 6 Frsapiee mdat: the DME

as suggested in the '373 patent in order to recover

ate thapeentamingnts yhe of ﬁéﬁﬂé sjrars ditosn et VA reaction zone. I have
co-absorption of light olefins into the nethanol
$mindahat if apswionalf dc methimd fided te cieeME'O donvetsivanaine is diverted to
solvent's ability to extract, fromthe |ight

eleadME 265531 B fiGebdiiilin thd 1373 Patedt I\ GBIV rdoser DR/[E more
not only DME but sSubstantial “quantities of C2 and C3

Q%fﬁ:ﬁén{?@ e {8 Qﬁbsﬁzﬁ-ﬁgﬂ egos tltoH of hng@olQl%#s 1ﬂ{o t‘ﬁQ ?nethanol solvent

gr eat conplica SI gn o
PO based 1

r oduct r flow sc S, MIO
Ewelé‘?eg.%ﬂi@ g A BRSO VAEn SPBS B s GoR P ieht
zone is operated with a met hanol sol vent at scrubbi ng
elsharcontHyNg HpuLisiress! 1@ theRPER abserkerofot oty RNEE but substantial
pressure of 2020 kPa with a 99.85 nass- % net hanol
gaingiging of @p ahe &gtoldiths vasmssrepontd tnhthe G73 mitenft hnd greaidy
40. 3 mass-% of the C3 ol efins charged to the DME

s&hplidaess thé Hési feofcdrefakis@pRedhct Wotlhap BVE- dchehe kércwsﬁpo based

sol vent bottom stream w t hdrawn from t he scrubber.

Ui B i S SO oo g s
t fins.is cre
er&%qn%t it lsdian g EebEMe EweRiee o554 srbpprossure
e while increasing the rate of detrinental coking
eﬁﬂo%oﬂil’acwlaﬁ V285 arpst-go methanplesobient, @tlsastd 2tvmagsarof the )
that these C2 and C3 olefins are, reactive and can
oletias gul b8 ymmes-z aft the ﬁl3a:rhe';fins@hakgnd &t theMNME starbbecwitbe co-
precursors. 20 [0007] The probl em addressed by the

F¥sefRAtin tHVDRIH-A6h Tiguitl BENvettWoRokstBHRSYidMrhwh Fbm the scrubber.
di m nish this undesired buildup of C2 and C3 ol efins

Wheh s PMEELRAY0! \}%ntssttfegﬁh% Hcr%feﬁ‘go th%g%*l“becowg ion zone, a

conver si on zone when anor 1s use vent

N I R -
2004/ 094355 PCT/ US2004/ 012415 SUMVARY OF THE

thrvizerpf ¢d¢ MTO conversion zone while increasing the rate of detrimental coking on
the catalyst contained therein due to the fact that these Co and C3 olefins are reactive and
can undergo polymerization and condensation to form coke precursors.

[0007] The problem addressed by the present invention is therefore to substantially
diminish this undesired buildup of C and C3 olefins in the DME recycle stream flowing

to the MTO conversion zone when methanol is used as a solvent in a DME absorption

zone that is a prominent feature of an MTO reactor effluent work-up scheme.
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[0008] The primary object of the present invention is
to make the recovery and recycle of DME and/ or other

we@oogenases found in an ef fl uent stream from aPCIVITR2004/012415

conversion zone nore selective relative to the DME
recovery technol ogy_t au in the 5 prior art, thereby
enabling a reducti éHMM%E#QQF&HEM Ié)%ver si on
zone due to the decrease in the anount of the DME
recycle stream A secondary objective is to provide a
&é&t i vEhenpsimary abfect etiho drspentrinvansion dd © rosket therdoprery and
|ntermsd| ate found in the effluent streamfroman MIO
cavyvlercs IDVIE zndéer wihee bx ypehated fouad irethefflustdxsicamtfiah by MTO
di m ni shes the risk of causing substantial coking on

EHS/ bR RE RIS SERBN WSBtive td tAE DY rsQR¥E8/ t%blﬁfblcﬂg@r té&ﬁh% in the
due to internal recycle of relatively |arge armunts

ro
}5?15%%1{ qﬁe‘i ﬂ)}yn g%al})’n?g%f%g?{%ﬂ]nﬁl %;ze[ qqgf? Mjh@mo \%531 1 %s(;n g nc{ue to the
r.ec stream ssed the resent invention

6 5 o P SV TGSt A SEPBICAY OEBe iguprovide o
is applied to the rich solvent streamrecovered from
@fﬂ@ct}‘yﬁnmh(yi TVECsEL st ieeyrly onde DMVBrintermediate found in the effluent
sel ectively renove substantial quantities of |ight

strezim frem dhSVITIecefvesinnvwohd othichsselpoiitd mathiold ubdtdreiatly dgminishes

t he net hanol content thereof, thereby substantially

e of Bhignd ﬁl%strahﬁz!ﬂ%oﬁﬁlg %ﬂ\(ﬁ‘é &Ra19§tTs9Gb S RBd Irht%e MTO conversion
perf ormance of the MIO conversionh zones when it 1S

uen? 1ﬂt9rn§ elc?;lg af %ia%q%lgqﬁ%g \MUHQ o v B%ara%c(%llve 1i §9t olefins.
L B e B iy o

stream contai ni ng both DVME and nmethanol that is a

BiFH ﬁ@ﬁ@reﬁ@&lthyﬁge Breset énvomdop by gisyiding r kpasprllyl designed stripping
schene that is taught in US-A- 4587373 can be

edrfel thatam appliedad vedidhysohadi sigpam 1speeral frqsmrthmpxemhﬂyghm
olefin stripper to the flow schene of the ' 373

Rssofiton zbhé s Srded @%@Tec@ﬁ%&ﬁ%e%ﬁb&ﬁfﬁaﬁ gﬁ’éﬂu@é@f l‘@ﬁ blefins

bottom streamfromth absorber and is designed

S SRS S AE BaPHPEL A o

B PR DG e b oh e R 5B DT BTG PpRGO! e MTO
gc;(nxlgr%?o%t z%%ess \UN%llgn 3 S1’s (E)p!veEatgc? ijn e&e 1trlpe2?a%lad ltngr?rtler %Jlt% : r%gétg; Qf%?lent
product work-up flow scheme.

[0010] Ihave now found that the problem of light olefin contamination of the
principal oxygenate recycle stream containing both DME and methanol that is a
prominent feature of the MTO product work-up flow scheme that is taught in US-A-
4587373 can be efficiently solved by adding a special purpose light olefin stripper to the

flow scheme of the *373 patent. This stripper operates on the liquid solvent bottom

stream from the DME absorber and is designed to run at a severity such that a substantial
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in this stream The flow schene of the '373 patent
suggests that this oxygenate-rich |iquid stream

WG h@ybohisbe subj ected to an oxygenate stri ppi ngPGL/ER2004/012415

which is designed to |lift 5 essentially all of the

§§% g pﬂhgﬁgﬁf 8][ ﬁnyggf(}l{?&f; 1§it121 ml)lggfélss Jggm%?éjgtﬁﬁeégintﬁqéﬁfrﬁm without
PRy F AT —

severity level is adjusted so that it is not severe
wribisgtream. The flow sghlfgmﬁ ofi they 73 hgkent eregests thae thivexyggaate-rich
contained in this liquid solvent streambut is at a
liguiélstredm sloudd bé subjédtedstiobmtoamgermtd striffing otef GOAclDis designed to lift
et hyl ene 10 dissolved in this solvent stream and 40

ééaer?t&%y% dJrie M@Métmnte{lm&heﬂfh Thid Fe0itse dITReNEHa@Hly from
herefore a novel nmethod of selective recovery of a

%oﬁfﬁ%ﬁ%%@&dﬁﬁ YFinSertt o'il i [ CP(Fnue tplréiﬁﬂe i (e Might

conversi‘on zone |ch e stream

FRET e TegaE PR OihyH BRTEP GRYY el S Pst e hat t s

oIeflns and m nor anounts of other 15 hydrocarbons
BoiceEsty geonghds liftrnegnificant pertiop aftthe w@aﬂ@tq@a@mﬁ\;@ fjeliquid
cooling and separating at least a portion of this

sflfdny eméans butdam a kevel winich ik tiftsubstentiatlyD0rte d60% of the ethylene
cont ai ni ng net hanol and DVE, a hydrocarbon |iquid

§its§cﬁ%'ﬂ 18 QR 3bREMG1ERMNARAD to . of tadistopdeh® C6 ol ef i ns
a hydrocarbon vapor stream containi ng DME,

g@&?ﬁnolqjﬂ: t;ﬁésgx @@t@qg e%jg}egnfwo 1%1%8 fgeeemegéc%reery ofa
B o e TG EE PSR ehrleld ettt 3 N0t g fiasion zone

effective to produce an overhead vapor stream
whivhaatfipeng soweE conping Ryrarodugt Witee gareasigd predinprbsd MEd

a liquid hydrocarbon bottom streamcontaining C4 to
{Beraledfateneacthmt, ¢thglenextromiarsCy th€gjefims cardromov apounts of other
stream separated in the first step is conbined with

BYdrbeABénsanB Akl baatedl ThBEir@¥epeads HREI ifldle&Booling and
produced in the DME 25 stripping step to forma

B Ly B e AT e

r L:! Eé 6{%\/&@# Iag’& @i}ﬂ?n zone 0% 1%1%6 reagle?o&&a(lﬁue}g methanol, DME,

soI vent contai ni ng net hanol at scrubbi ng condi ti ons
atd € t9 ¢g olebing epd adadrocarpor vapor stream containing DME, methanol,

ethylene and propylene. In the second step of this method, DME is stripped from the
liquid hydrocarbon stream recovered in the first step in a DME stripping zone operated at
stripping conditions effective to produce an overhead vapor stream containing DME,
methanol, ethylene and propylene and a liquid hydrocarbon bottom stream containing C4
to Cg olefins. In the next steps, the hydrocarbon vapor stream separated in the first step is
combined with at least a portion of the overhead vapbr stream produced in the DME

stripping step to form a DME-rich light hydrocarbon vapor stream which is then charged
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l'iquid sol vent bottom stream containi ng net hanol, DVE,

wat er and substantial and undesired anmounts of
weedwloetsss and propyl ene and (2) a |ight ol efi nP€T/TR004/012415

DME-| ean 5 overhead vapor product stream At |east a

ortlon uid solvent bottomstre reco

Pb e OV Ssptrigngne e et s sditedlien GERH gl a DME
ol efin stripping zone operating at stripping
spctiveisplysniegontaining anathpnet #i Ssluhgmlgéag@man%@fwlaﬁ £q pgoduce: (1) a
portion of the ethylene and propyl ene contained in
lihuisl ssblewetttont steam euntdining nethanph IDMjEawgtes agphsubis@atial and
portion of the methanol therefromto produce a

ShadsRBE AmOVRE B?étﬂ%/l%hé a@dplop§lené ahce(fzwlhgﬁteoléﬁn@ﬁﬁ DME-lean
propyl ene and containing trace anounts of DME and a

L’”?Hano?‘%‘\ég‘%e‘#a%‘n iy 135 %g%@&)oﬁg(ﬁ@f'tﬂ# ﬁg? T ——
£ Fure Tt ot A b liar LGS P e L ol pigping zone

scrubbing step. In the Iast ste at least a portion

gperaling AtstinnNSeMgitians sEeetoin 18 suidahleasiryibsiaatialiosian of the
the light olefin stripping step is recycled to the MIO
cthmleae sidpropyleee tdnthined abthissselveot streahnywithau istippgng any significant
addi tional oxygenate reactants thereto. [0012] In a

566100 &f eEaeth AR thepéfréh o pRosihedd sthipy&@tiveMRad bkniBERNRethylene
as described above is further defined by passing at

2 12(2]2{(/)8?15@9 |51]ri1d %ﬁ%&ﬁfnm& qteclcec‘ %&P&R? bf BXEE mllgﬁﬁ%@f%nﬁqbottom stream

ht olefin stripping step t

B prthenoh aRisyang Fe bR RO Bt o relaive to the

light olefin strlp |n 20 zone. [0013] A further
Habodeliresnniey of ﬁ@l whrent RO Seer FRegYered fropethe primary DME
nmet hod of the present invention as first described

abyobtEng step Herthaleft stem ablgadtt hepopassadke buidisolverdtottam stream
portion of the stripper overhead streamrecovered from

tddeverb@ronotheliht Sikfih PRippBigStephs fRyded &LBOMBOYoPMEsion zone
absorptlon zone wherein it is countercurrently

%Eﬁgtn‘/gﬁ Pro%%?%cﬁ%@g% %éeﬁ%gﬁ% }/e I thelet s Cr ubbi ng

con tlons sef ect an overhead -9

HAH5Y ond AR G ENE A O it B B GuFe Dt R tscribed

st ream cont ai hi n -, et hanol and water which is

ARAYpd$ Ewth@bd@fﬁ@d%ycpaéw&étrl@asbﬁ peitiop of theestrpreg OV phgad stream
recovered in the light olefin stripping step to the lower region of the primary DME
absorption zone in order to recover the DME that is stripped in this light olefin stripping
zone.

[0013] A further embodiment of the present invention involves the method of the
present invention as first described above further defined by the passage of at least a
portion of the stripper overhead stream recovered from the light olefin stripping step to a
secondary DME absorption zone wherein it is countercurrently contacted with a DME

selective solvent at scrubbing conditions selected to produce a DME-lean overhead

-9.



DME- | ean overhead streamis conbined with the |ight
ol efin-rich overhead product streamrecovered from

W0 b@4p9438mry DVE scrubbing step to formthe |iBgL/US2004/012415
ol efin product 5 streamrecovered fromthe MIO

. 1 Yet th j t .of the instant
REOEE bR B an e TR T Lotk bPGom seam contining

ﬁﬁ/lﬁc“t}ée li)I\/E recovery nethods described in any one of
fiPetagnol apd wates yeieh isseryslegiie thsiMTOrmonsensiopptapy The resulting
conditions utilized in the light olefin stripping

b leancivathead:stsemvieisi combliedetitis the flighi elefin-rieh promie&Epduct
liquid solvent bottom stream 10 containing less than 1
steesisn Rcetciyd 206, thSRtREryDESERIIIHHRY & rRAVY i

[0015] FIG 1 is gﬁgr ocyggs fl ow]%lai\gagr%frﬁjgf a p#%i@}?fgdpmdua

5  eretiet®rtePhohige Mﬁﬁfgcessi. nvention, which portrays

the essential 1 nterconhections and interrelationships

en eratir ones .associated with the

et PR 0 0% o nGton iy dpeyorhes
2 a]? a,[ rocEss flow di agram for a DVE recovery schene
Ppdigatiqg todhe sglgctive RUYIE Seranary methpdssdesetibediin gy aneof the first
I tems of equipnent that are well known to those of
Gregicmhogingits Whemin the stippinguohdisisnhetdiiztsy tedihe bkiin stipping
heat exchangers, punps, conpressors, suction druns,
stapoinkludeit spiisy levelniEfGedto pRIIBENS BEu; '
control s, valves, reboilersp and tﬁng?E§#M§%m¥gﬁﬁ§mn

10 oOhRiGhINAT NG kslMeH  [0017] The followi ng terns
and conditions are used I1n the present specification
with the followi ng neanings: (1) a "portion" of a

omost 11 on a0 N b RSFRIERL Rt HigkwiRGs S *°

obtai ned by elimnating a -10 WO 2004/ 094355
US2004/.012415 readily separabl e conponent
IPoRet r B (15§ Privest % shdemsmoes Arairms oyorbmentasike prsent

.adm xture with steam then after condensation of a
IpEREPn.RER Bortigys theessentialinterdonnentiops psbsitarel Apusiays between
portion and a hydrocarbon portion); (2) an "overhead"

thyt opeaatingreaemsassdréated ith\the ineadt fekavVEDBE fcavRiNBethod.
specified zone after recycle of any portion to

15 [0016]  FIG. 2 is a process flow diagram for a DME recovery scheme of the prior art.

Not shown in these drawings are items of equipment that are well known to those of
ordinary skill in the art such as heaters, coolers, heat exchangers, pumps, compressors,
suction drums, knock out pots, condensers, overhead receivers, controls, valves, reboilers

and the like.

20 TERMS AND CONDITIONS DEFINITIONS

[0017] The following terms and conditions are used in the present specification with
the following meanings: (1) a “portion” of a stream means either an aliquot part that has

the same composition as the whole stream or a part that is obtained by eliminating a

-10 -



5 the zone for reflux or any other reason; (3) a
"bottom' stream neans the net bottom streamfromthe

WG p@aeid436xl zone obtai ned after recycle of any POFUSN4/012415
for purposes of reheating and/or reboiling and/or

IR Roati fit v
P e e

under stood when flow is shown from 10 a zone of
comprisdsilaguémw pprtsssudea hydrasahon@osion (@han “pyeskendr stream

(6) presence of necessary heating and/or cooling
nRANGeinst bvephdaddesdveredfiftoantiespsdified zdret aflee recyclees any portion to

operating at different tenperatures; (7) an

5 tHHE PSR Uk B aﬂr?) (gtﬁﬁdr adh: (33h boRsH” stddgmeins tﬁe net bottom

concentr a]tc ed e gver head st r eam w t hdrawn from
d
ARFITER R P PR RO oy s

aseous state; _.and t he te "I L ef.inp ,
aifag andign rebeiling 2 911 W58 Sk G e Aons KB A 1o Blocked-off
DETAI LED DESCRI PTI ON OF THE | I\I\/EI\ITI ON [0018] The
veenlit domgpigol valve det isiset tpracosition;tha ervesis tosy Télrcwrgb the line; (5)
conversion step which wutilizes nethanol as the
pRdskitt dFalecesoatly complestdie ankygpmapsis nedastand whés flow is shown from
expl ained hereinbefore, there are essentially two

10 a‘%'oﬁ% Bf feltiveRAb E’s%ﬁrette alZBfe 68hiBhM PJréssGRNUP péseRceddf néBessary

to’light olefins. The principal distinction
betvvee thes t o appr
Rtk O Tt R A RS o P RSRER %&@%ﬁ;&@% Fepating o
in the MO catalyst s em g refe
diféenldBImPETRERITTS (INBS R/ﬁ*@?% Gfg?i & Stﬂ?ﬁs d%?%ﬂ it {§ concentrated
associated with this non-zeolitic route to MO
it trevesredicod stagaen withdewindeen ithe wecified 30gs (P31 “vapor” stream means a
US- A-5126308 and US- A-5191141, all of the teachings of

swbArf Roamind dne-ckInMOCc3APLADABThe PETOWS2AOANAYINDS term “light
specifically incorporated herein by reference. As

15 olldihsC Heas étﬂ?f %Hceg) opyiafehind 9sixtukdi@herBbef €rred nol ecul ar

sieve is a s al'um nophosphat e system whi ch has
been established as occurring in numerous specific

tal st
e ents, 1 He R TR O T AR o

conver si on has been |dent|f| ed as a SAPO 5 34

[Bma ué"gﬁ start AL hg)ﬁ,?;ﬂ Sor iafeelse f;il%\\/e%tl{)r? ' MITO condgpsgon gtep which

pre

utilizes methanol as the principal source of the oxygenate reactant. As explained
hereinbefore, there are essentially two different approaches to the catalytic conversion of
20  methanol to light olefins. The principal distinction between these two approaches is
based on the type of molecular sieve which is used as the active ingredient in the MTO
catalyst system and I prefer the non-zeolitic route to MTO conversion. The details
associated with this non-zeolitic route to MTO conversion are summarized in US-A-

5095163, US-A-5126308 and US-A-5191141, all of the teachings of which are all
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20

equally well with effluent streans from MIO conversi on
zones that contain zeolitic or non-zeolitic catalyst

weymtemsss it is preferred that the ef fl uent stpPEHDS1HO4/012415

derived froman MIO conversion zone that is run with

S 34 cat al te The SAPQ. 34 nol ecul ar_ si eve

Sheg LY, S DR b el St ke amishasa daachings. Ghe
f| [ler and 10 fornmed i nto shapes such as extrudates,
prefareed rapleemesiens is Asificosluminophashgtersystemxiick hesgbden established
known in the art may be used as a binder and/or filler
susluamgah mninesgusspediiacrystalistiusarred Aedphrli@ted in the cited patents,
silica-alum na, and/or one of the various silica-rich

fhle RSkt bfé@érré@lr§AF©|sﬁu&ﬁfé%1 M1 E&%%l&f hAAHER ?cfe)ﬁtlﬁgﬂ hda SAPO-

in the art. When a binder and/or filler is used In
4 SAPQO- 34 .wi
HEE g 0 PO ALl AT, Bt oo

of |n|sh d catal ys referably 40 mass- %
bl Vi PeE 80k hrodr S Bl onomon aeebel eatain zeoliic o
i ngredient is the SAPO-34 nol ecul ar sieve and the

MInzRetitic gplglyst sysiemseit i§ pretenred gt thaefflaentaireatn e degved from an
used to provide structural integrity to the catal yst

MAIQ ¢arlvessionBasie tit actunodthna § APO-SARIZ4 soatbal Yié SAPO-34
systemis to utilize it in a particle size suitable

hlec@af §ibVindf Be LERACA Qe TS i '
parefl gl é Si ze?o? 65 t0685 Zﬁﬁn&%ﬁylﬁﬂo%ﬁlig?%&aﬁg%%ﬁmd

%oErgeME% %ﬁ#g? LR eﬁﬁlﬁl Fate%a 111? \?\/ﬁﬁ?rgs ?rpgwglt{i'e %ﬁ%%[gaﬁ%@c oxides well

reac confl gura

referr stem i nstead of _a
Ok”éldnﬁﬁedmi Fﬁj ot a@flg?r&ng@r @F}éwws abmingsilicgealumina-
met hanol feed streamw th the catalyst particles and
rhasphate, silicatabming grndéar anp ehthefvatines siientich dlgycbkieate well known
catal yst. Either a noving -12 WO 2004/ 094355
tPCTYstISL 00U RKillGn theealt. SYdrenbiaderaantlf oy ifidiez Bisb@th formulating the
system may be used with good results. Best practice is

IO catflysd SPstéin f $ APO1328 K 11ARHal A bk Snt ﬁy;ﬁ{ aﬁﬂaur{t 8P3%d 90

The fluidized MIO reaction zone i s operated

s ?fl%sfelﬁ%@g%‘é %ﬁ iRty ?ﬁa@&%eﬂh@ @I* Biigbs
O,

PSRRI e S e PTG oIRP O R r G i ynd Fesinder

170 to 345 kPa. The contact tinme of the reactants with
angor Eidlenisypgtingr material that is used to provide structural integrity to the catalyst

particles. Best practice with a SAPO-34 catalyst system is to utilize it in a particle size
suitable for a fluidized reactor system — typically an average particle size of 65 to 85
microns.

[0019] Although the MTO conversion zone can be operated with any of the reactor
configurations known to the art, it is preferred to use a dynamic bed system instead of a
fixed bed system in order to efficiently contact the methanol feed stream with the catalyst

particles and facilitate the regeneration of the resulting coked catalyst. Either a moving
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ordinarily measured in ternms of a Wi ght Hourly Space
Vel ocity (WHSV) cal cul ated on the basis of a mass

whownig43f3 ow rate of the sum of the nmass of t hBCT/US2004/012415

nmet hanol reactant passed to the MIO conversion zone,

g%y ot her Qéwaenate reactantiﬁpresent in the feed or
PEEPLP B IZ8A Pedh yirar B2 OR Used wih gred prseli® Aest practice is

therein divided by the mass of the SAPO- 34 nol ecul ar

Bvespsr sy esserfluiflized hed oardysopstemsi on zone. WHSV for use

in the MO conversion zone associated with the

[9026Ent Thevendized MO rdastigezdne tgerdted 40&bn@ltichs, Whithinclude a
the best results obtained in the range of 5 to 20

ﬂéfn‘p@ratlﬁb RESOGNS, GWQZ GRS ?ﬂe@e‘i‘reﬁ%%‘?éé B¥he 450°%h 580¢ Yhe

exot h erm cC, a Si gnl I cant enper ature |1 ntrease w |
S5 645 0§95 o SRS b8 v
T A AT A o o

m ni mum | evel desired to hold average coke on the
edinetlyampasyradindensrof agl eighellewn e 8pacs AR att GVHSY) calcaated on
range of 1 to 20 mass-% of the active ingredient in

- thhbagdiaibpd yats leowdly flovorate of e et ¢he mbsstdiehd MmBGand freftant

to 17 mass-% 20 [0021] The regeneration step
PR&RGH WENTE &Shvteﬁ?oﬂ%ecﬁ{g‘vcﬁﬁé' g%é% OXI Lujlts s present in the feed or

ordinarily use one of the éstab

sary.. n

B LD Ao LT s BB PR vaﬁrﬁ’@v ffmnass 8ffhe sapo-
onver si on zone. ry factor that w]

* %F?lé’h“FYFePr@F% t &e mgﬁawrw ﬁ%‘@nWH@VéQhV@rlg FdéﬂwMTO
zone and the regeneration zone is the equilibrium

AV efslogfzogo kisopinted atitll the presenitinventips catesinge fronpl R5100 hr, with
maintain in order to obtain the desired conversion

the bedt reshltSARGING34 i apadh@atf 8l ty L0 hr11SindOtROMPOSHIBBion reaction
PCT/ US2004/ 012415 systemruns quite successfully at

i§ @PU@? b}@d"thérﬁﬁ@' i i SRAYaMp eﬂt@ﬂ%%ﬁcr@é&@ \ﬁlﬁ%kﬁrsafc}&ﬁ #he reaction

coke ~make up of approElmateyZ mass- %
I g PSPl IR

skill jn the art can hen establ.ish a circul ation
LAY LT RV SRIgRC 585108 2Rhthe dPSAMARIG K Brefgrakly set at a

rate which 5 holds the overall average coke | evel on
migemenylevdl desireg te Aokl aystage gelteeon the etcilatingimvimaory of preferred
conversion zone in the desired range. In conparison
SWR® chiahdi ini aoaage 6I0Coemadsi B of theh@tive ingredient in the catalyst and,
more preferable, in the range of 5 to 17 mass-%.
[0021] The regeneration step associated with the MTO conversion step will
ordinarily use one of the established oxidative techniques for removing the necessary
amount of coke from the catalyst prior to recirculation to the conversion zone. The
primary factor that will establish the circulation rate between the conversion zone and the

regeneration zone is the equilibrium value of coke on catalyst that it is desired to

maintain in order to obtain the desired conversion level. A SAPO-34 based catalyst
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circulation rate for an MIO fl ui di zed conversi on zone
wll be quite Iow since the regenerated catalyst is

woei4nessed to supply heat to the MIO reacti onP@DIE2004/012415

[ 0022] The net hanol feedstock that is charged to the

MIO conversion step_can 10 ordinarily be used with a
dritereArnsfuiesuecestHhty pheonnersionilevelseft 9546 Rbighercanddesvt in a coke
i ncor por at ed above; however, best practice is not to

wepke AP @if penoKineattly 2 tb Wanassaod fenoetbinol pqastaient chirgadrto the

The use of a diluent is beneficial in the sense of

OO rcohvarsign siep. RadwinglthdPeokapifat, fdmédie oTRkdiANS!skill in the art can
reactant but is disadvantageous in the sense of

kReleRBS1ia LRGN ththetlggTr{egﬁ&i %agéh ﬁggﬁ?g{kgcgke at a rate which

provi ding additional materi

t froamthe products,in. the.recovery section, o
AR SRRt R SR BHuniee Pt YRl SRAAI eitned in the MTO
conversion step, it is preferably steamthat is
RYeTEen Fansin thatlesied eansge-HaCompaon; wigyiredipral FCC operation, the
contam nant of the nethanol feed streamas well as of
tieulattanogis] for axYH AuilizadrooanasioSzomewilhbewgrie loavssisceithe
is desirable to charge a crude nethanol feed stream
capphaiied rgtalipt is@olhecdbd % WpbBrheat ARE MY rd¥Rtion zone.
substantial diluent that is 20 brought into the system

| th t F ol j

WOQQ] erfeaRéthsidi ?t?da’St’IplEE tHAPR ch%%%& ?Oe @g‘@@r@ conk/%rﬁfgﬁ slteg can

preferred to run with a netha ream

.1 0. S- %, et hanol ., .15 ta be recognjzed
Oty Be Beclm £ MG AR Banant il Qe Bt i pll G and
aut ogenoyusly generated in the MIO conversion zone due
FGORREFLOVE HIVEHET, BEHATACAR RO e Giluet ober @At ai 1
over 56 nass % bound water and due to the fact that
pHeggiondy ipeeluged stham Beecuse of a 20uent Guberiefigial im thbeery® Of
reaction zone are such that the initial fornmation of

Evifrolling thd paviél BREBOSBS meBahbIUSZAM/ L A4k dvantageous in the
extrenely fast and results in the formati on of one nol

Shso,SHERMAL ST Y81y Tty S 0

' s MO conversi on zone will therefore

M1 LR SERYEL 3 B 0B ot DD whens
Il as unreacted t hanol, 5 substantial quantities

USHf S pir(??F%l‘rlﬁé]aq Y ) cg}viqwcghséf,:p, Efrlé Bmf%rﬁlély steany haigg derived from
ol efins and mnor anounts of other hydrocarbons and
ey dhas s amTippyicadld gontamhinhnttdf¢hqumethenaldekd stream as well as of the
recycle oxygenate streams. Since in many cases it is desirable to charge a crude methanol
feed stream containing up to 20 wt-% water, there may be substantial diluent that is
brought into the system with the feed stream. In most cases however, it is preferred to
run with a methanol feed stream that is 95 to 99.9 mass-% methanol. It is to be
recognized that a substantial amounts of a steam diluent will be autogenously generated
in the MTO conversion zone due to the fact that methanol can be calculated to contain
over 56 mass % bound water and due to the fact that the kinetics of the reaction

occurring in the MTO reaction zone are such that the initial formation of DME is
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SAPO- 34 catal yst systemwhen it is run at 97+%
conversion levels, approximately 70 to 78% of the

woreiohamsts equi val ent carbon entering the convePGI/U82004/012415

step will be converted to the desired C2 and C3

o] efl 5%

S g PR o eabtn T B Y S S5 Brery 2 mols
| evel of saturated rbons produced in the MIO
@Hﬂ@%@gt8ﬁ“§¥%ﬁnéﬁ@ﬂ%ﬁi%ﬁéthane et hane and propane

are characteristically held at ve ow | evel s when a
[802%) 34 Tharkluest stieamygisldrawa figm pn Né%pweﬁsa%mewllzherefore
to 5% of the carbon bal ance. [0024] The effl uent

&inkLa s Kntiningndunes MEGyaterlsy-product ds wellpdsomirdéagtademetharel,
relatively 15 high tenperature of 350 to 600C and

§ﬁ‘6§ttantli)zﬁ HRfleaBF DA nt&aRldede, I%EHy‘Péne ProfiileBE,i P04 olefins and

phase separation zone. Typically, this cooling is done

Ig)%lntog moBth e g{hﬁ? ﬁ}ﬁcgg&gl?otﬁ%ﬁh %§g%énlﬂ{%s "fe‘}ﬁﬁ%]llge@vﬂﬂ'?ﬁé %referred

ntor by an aqueous qu treami

quenchl tower or a,conbin of bot t hese.

A BT sHedys" Ry arheR 5 T IR RIIG L GBRTR ety 70 to
that is used, it is preferred to substantially coo
89 of ednetbanchequisalsnt carbontestesingithe conyersiaasteipwd be gpaverted to
wat er by-product contained in the effluent fromthe
106 desifesli ©NarmbO olefink wWthiXyod % afmdnchrbbowenveredrtateie and
with a cool quenching medium consisting essentially of

SHimARy 0.3%o QULARNERG ©INAE! TR Rvehe@RYatbdBydrocarbons
fluent streamis partially condensed with recovery

Erﬁgﬂ‘?ﬁ?% ?lﬁ%&@éoneglr S}OIII%PSP%EICEI Q?m%%ﬁ% elayang asu gﬁpaﬁé are

onversi on zone ower

Qper at es ressure which is 50/ f t he
Sreikuacdly rf Harnloy s TRCRTEREE L A

the overhead recovered fromthis quench -15 WO

200y gendpbe PETS W tiougaghaybBanceower wi l | stil |

contai n substantial amounts of water vapor along with

[0oe4hy driheatinomt stacach exitinetetMTOrroatuat willofypichiéy be at a relatively

synthesis reaction. A preferred two stage quench tower

ﬁ‘gﬁ dri@r8 418580 aPFi0°Caht st Be SRRt ANy S1&Mbrior to entering a
B- 6403854, all of the teachings of which are

? Qgparﬁg%?t Bﬁ% ﬁtélﬁﬂ\ﬁﬁg rtﬁisr&oﬁﬂn ﬁfc@tlg Bffer byt ehtsexchange against the

erre over stream rom

nchto r and run it t rough a seri of .sucti
Eﬁ%eﬂsme S adydbe b Pigauice:d BFeabeans HgeSdpg over o
to a range of 2000 kPa to 2600 kPa.
a combination of both of these techniques. Regardless of the heat exchange technique

that is used, it is preferred to substantially cool and condense at least a substantial portion
of the water by-product contained in the effluent from the conversion zone utilizing a
quench tower operated with a cool quenching medium consisting essentially of water and
at quenching conditions whereby the effluent stream is partially condensed with recovery
of a substantial portion of the water by-product of the MTO conversion zone. The
quench tower usually operates at a pressure which is 40 to 95% of the pressure

maintained in the MTO conversion zone and the overhead recovered from this quench
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[0025] Referring nowto the attached FIG 1 for
details of the product recovery schene of the present

WO popen943om |t shows a schematic outline of thePCT/US2004/012415

interrelationship and interconnection between the

vari o nes .of referred embodi nent of th resent
et RUEAET Bie B onB LSRG O S Vet A B s e G Rypgarbon
charged with a nethanolic feedstock that enters the
andqryaenatapiodaets obthe Zpnibesis fegctigre rapeaionef Ferdageieach tower
with the teachings set forth above to produce an
ddsfgnufeonth tlsit np@ivatibn Gshewn tis patentdJ-Bebé4038DAalllF thatedchinsgs of
charged to the | ower regi on of quench zone 2 wherein

Wwhich SreCIR#E8 6 sHpbRARd Hereif BN kre¥eteRbe. Vit idprafegRali@ thke this overhead
circul ati ng aqueous streamin order to condense a

¢ : . . Lol
FRER AT o qEdpR Rt B8 § BRSURILHeR 8P SuckiBh Bhume and
Zone 2 is shown with an aqueous quenchj [ Lng
GrReain ooy Hev 4 T8 pR T EeLT s BHERSE A, o SehagkE
regi on of quench zone 2 after passage through a
@Qgﬂabl Redgong ngw toriwerstachstFIh dipn detailsgthe predagt reqeaery
circul ati ng agueous streamin the quench zone is
sohemd oAtire presant innentibh  Hisbopas sadntatic oxtlime nétle ineaelagioyship and
zone 3 which operates to strip 20 substantially al
REYaRnstes Bdienahe vali R QbM&D i aprbfRfred brdulliatdnhf the present
aqueous scrubbing nediumand to recover and recycle
] o] t X ISj j .
i ERRro AL 6 MFD MCHARPAERIME S OO0 futitBnolic

ree of contamj,nants is wthdrawn_ .fromzone 3 vja .
e focunfm AR G e [E0R 18 pTEIT adptdefice with the
by-product. The resulting cooled and quenched o
tghdvinasaat fpahabowe foquadice @pwililucat stresm whishenity gone bvigilige 13
line 14 is 25 then conpressed by neans not shown to a
prdds shirged @rige lqpvae véegos bqepelt rdrecliwherdin il & ddntercurrently
2004/ 094355 PCT/ US2004/ 012415 charged to primary
neduetwieRabAkd Bﬂc@ﬁﬂ% a@u%ﬁs@ﬁehrﬁ iR pRIeatEebndbnse a substantial
approximately 10 to 100C and preferably 20 to 60C to

1?&8&1:’ SFthg s@%ﬁ?ﬁ@%ﬁbﬁ%ﬁ@g ths Fd?ﬁcé’@i‘ﬁgﬁ%gfr’lg(gm @Wtion zone.

ecovere _ the primary separator I's Wt} _

qf’]ner iifs %{:’n\yr\{ Iﬂ%@' aé1|| noage B%%{siaqglgn a5 Sglggﬁtu%hl%etilltﬂg? aléfg@%ea(vnrv?giigg 15 and
hydr ocar bon phase that 5 fornms in zone 4 has _ _
roipatlatad iathe apperesion Of mnmchizgng 2 aftenassags fyough e atable cooling
nmet hanol di ssolved therein and it is passed via |line
@Barisrthot shbwnppA portipo o€ the ovkeelatng hqueons stedasn mrthe quench zone is
withdrawn via line 16 and passed to oxygenate recovery zone 3 which operates to strip
substantially all oxygenates that are dissolved in the circulating aqueous scrubbing
medium and to recover and recycle these oxygenates to MTO zone conversion zone 1 via
lines 17 and 10. A water stream which is substantially free of contaminants is withdrawn
from zone 3 via line 18 and is the principal outlet for the water by-product. The resulting
cooled and quenched overhead vapor stream recovered from quench zone 2 via line 14 is

then compressed by means not shown to a pressure range previously specified and

-16 -



10

15

20

25

upfl ow ng vapor stream generated by a reboiler (not
shown) under stripping conditions effective to renove

worm4amdsd i ght ol efins fromthis hydrocarbon speCEH\0841012415

generate an overhead vapor streamrecovered by nmeans
f line 26 containing DVE, ethylene.and 10 propyl ene o
st o PR PSR O ERIEAone PAHBCL i ezt B ARERO Gty 10° o
di ssolved in this relatively heavy hydrocarbon
K0P et praferablyfifi®do RO tocprobung asthresaphasg seperasion Fheompor stream
the bottom of DME stripping zone 5 is passed
feb@repdd foom\vthaptimary garatod icwitisdratvo tlesefaorhedane 22 and passed to
hydrocar bon by-product streamof the MIO reaction
B u&ber%%ﬁs]ﬁl b AlilnMryCONE $s8rplibn @ne 6. FheARfhiERyRb&IbdISphase that
in adm xture with'a mnor amount of C4+ saturates. In
foﬂ% B fgnt% rét.rl?ag s&l?stMilgﬂ %%ﬁ%b@[ﬂl\m ﬁ%ut%le?ﬁfs’?nﬁ %nfe%t@h ¥ethanol
system this heavy T1 qui ydrocarbon stream -
ithdrawn via lLine 27 w || ri se appr oxi ely 8 to
Gl Peeaibiionsbadiainedi Rl SnSRE s Am b et an
to MIO conversion zone 1. [0026] At the intersection
wtlawing va®rwiredm gerpsatod by grehodlgs (nog shypymivaderotiripmeg conditions
hydr ocar bon vapor stream from separati on zone 4 is
eftentiveredreniolvl DAME laed Siphteolgfivst fran tidf hy@@cirhen stveanh@aiigenerate an
vapor stream produced in the DVE stripping zone 5 to

$ 88 vEDEE sirksh rbdBted by haE3 bPRAe Y6 B&HtaidinzeMMBMhGne and

is charged via line 22 to the |ower region of a
. r. , i .

Sk DR ARSOS0! A0FO0 B Rt AR Py

ai(‘:/? g@vc\)ﬁp% 01?1 ﬁtgeualg%.?[%giqg { erﬁk@a{%mglositl re?@%@t&wrﬁ Frgrsnethe bottom
interaction as the ascending vapor streamneets a 25
of d3MEUTPIINS Fene YisPapsed therdyem Ak necdhangconpigfutes ameavy
are various shaped packing -17 WD 2004/094355
IBAT6daBRMM- fbddck Strear bé tHedV'$ Ot thadtioarvehivie bdsehtmblwrcongists of Cyg,
those skilled in the art as well as vapor liquid

CORPCE olins i A4ixBl#6 KiRS thitr WRblntkdTQYT saturates. In the preferred
nul ti-downconer trays that are available from UOP. The

ﬁﬁld/ glgetrat%ﬂav(z@t? % S%\%gpgﬁcgt&l&%%t@& ﬁﬁ@ﬁea@g/iliﬁgidgg/rdtrcl)cgﬁbogfstream

accordance W ‘présent rnvention |

S Aol L L Spdatock that, eotere, LG, U gt Seheuvatn

regi on of absorption zone 6 wherein it is passed into
wheghasged te SR @eonversion ggiiel bwi ng DVE-rich |i ght

hydr ocar bon vapor stream which

[0026] At the intersection of line 26 with line 22, at least a portion of the

hydrocarbon vapor stream from separation zone 4 is combined with at least a portion of

the overhead vapor stream produced in the DME stripping zone 5 to form a DME-rich

light hydrocarbon vapor stream which is charged via line 22 to the lower region of a

primary DME absorption zone 6. Primary DME absorption zone 6 is a conventional

liquid-gas contacting zone packed with a suitable material well known to those skilled in

the art to enhance vapor liquid interaction as the ascending vapor stream meets a

descending liquid stream. Suitable contacting means are various shaped packing
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is charged to scrubbing zone 6 via line 22. The
packing material for scrubbing zone 6 is typically a

woR®hiogBRS ri ng material which is inert to the REF/US084/012415

active ingredients charged to scrubbing zone 6 and

has i gh mass.tran r eff orrot . .
PAeRschlai T8 BhoTRbHTPie KR Bt SpBl L ik ayig gontacting
t he descendi ng net hanoli ¢ sol vent stream Scrubbi n

gonsueh pwthe b@?lahémwugb@%&%&r Bayiihet A8 @V@faf)kﬁ‘cﬁrwgml’- The
to produce a liquid solvent bottom stream contai ni ng

sodtdma niodrge OWE) Miliadceubbéngzona 05§ emadcatdaasrdwii thespresedt invention is
anmounts of ethyl ene and propylene and a |ight

2b&kioh of iHemetPMolicaastisIcR Hie atkeManO FlowicREHIE Viadined@mnd flows
Preferably, t he scrubbing conditions enconpass a

g%ﬁ&g lig z% Lr;oﬁgprie%fbn]oq' absotpidthAnd %qle‘?er& P& "paé1 448 O

€ pressure 1s rreasure at t e top of

col u er.he ap re

D wites oS PR R Tighh ARt rpRi R which
bott om of the col umm mhen the DME-rich solvent is
igichpiged imnsoypbbing rrnef1via fine 24-aHwrpackinginpierinl feragryhying zone 6 is
used in scrubbing zone 6 is a function, not only of
typzalipn Resltighf riop nofterm thinhdk iriert tblies wwione activeHagigdignts charged
to the top of 20 zone 6 via line 11, but also the
ORADBIHHone 6 28l hEMEhigh thire tahéftONiB@nyRRR Hréhb@aMteraction
charged to the bottomof this zone via line 22. As

%eagﬁggpgpgrg@z afqtaestra%hara%% Fic;/scgr\?/cgrll% ﬁ%&%ﬁ&é DIV stream.

e is typlca l'e In

RBRERE i g oot ShabPiog Eon SRR SR BBigieaytiouie

dictate the wuse of a crude nethanol stream as the

s ernt bpiiem Fireyn cprlaigis wehoRa sPYH. Fesi angd gubspantial and undesired
nmet hanol content maybe reduced to as | ow as 80 nmass-%
amodnasof ethileee amt prapylene and aBghnold@mod¢t) ®NEdean overhead vapor
PCT/ US2004/ 012415 solvent that is charged to

g&ﬂu&@tféﬂn ZRRferS1PYhEBaaSHiNE cdiidieshs bac@npasd & pidyuibE 1896 to
ave a nethanol concentration of 80 to 99.9 mass-%

fféf]{;ﬁajaq.ind%{ Béﬁgﬁé aPhoe Wiskbc %\éﬁeano I’égs 9% ﬁezﬁﬁ?&l at&he top of

ano oncentrated net
onversion. zo.

Bt ube e, oerer?ﬁ% et A rrﬁ' M heng
I|ne225na efrom05t025nass%oft ,
tempgratbrraabmeéwr Ehatton opba C@lwalnr\ahrg)etheplvfﬁﬂ@géolvent is
variable factors, it is appropriate to run scrubbing
withdra@natia Ans21 .vﬂél‘mvapcr- tediguid loading used in scrubbing zone 6 1s a
function, not only of the concentration of methanol in the solvent charged to the top of
zone 6 via line 11, but also the concentration of DME in the inflowing vapor stream
charged to the bottom of this zone via line 22. As indicated above, the methanolic feed
stream to the MTO conversion zone is typically available in a concentrated form of up to
99 mass-% methanol or higher. However, in some cases, where the economics dictate the

use of a crude methanol stream as the feed stream to the MTO conversion zone, the

methanol content maybe reduced to as low as 80 mass-% methanol. The methanolic
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ratio of 1:1 to 3:1, with the best results obtained

wWth a solvent-to-vapor mass ratio of 1.2:1 to 2.5:1.
wah®4e%363 choice of the solvent-to-vapor nassSPCHUB®04/012415

used in zone 6 is selected fromthe ranges specified

r. elimnate 85 t0.99. 99 -% of the DVE 10
SRBAEhRE atell (TCRb R 8ph 8 v 30cags 8 iggool ande 17y dhem have o
met hanol i c sol vent. that contains 99.5 mass-% et hanol
&et%naﬂ%‘?“‘:?%tf%t@nﬁ 040 989 mas-% encihapel andyprefenaply will have 95 to
selected fromthe ranges specified to renove 95 to
§8.9gng9s=Dresithanied whiveEa epneeniraigd niethanohiefeet as thianged2d the MTO
[0027] At least a portion of the DVE-lIean and |i ght
obefersien raie. The DM do@RRAtiornPihQEIApoS Et&@&ﬁfbﬁtéﬂﬁ% zone 6 via line 22
scrubbing zone 6 is then preferably passed via Tine 20

EI%. g o 108 10.5 h2.§ GRk0, & th?Eog%lﬁ)lﬂﬁJ)r srtr%gﬁvﬁﬁé/ed{ﬁ)grﬁn tiik fallge of

r to renove residual ne vapor theref

' rati.on of scrubbin ne 6 necessarily
R Pyl B ARREENP Ratbudiif YR e b0EGapap ahe aplycio-vapor mass
nmet hano t the conditions prevailing at the top of
%We‘ggii i 5L ith therhest TPl oinEainasl YitGa ol ventsiorhape: mss ratio of
met hanol. In order to recover this small anpunt of
et higrnb?: L dTesenagechaice affike snbeanhéacapamorss sitioasml in zone 6 is
W thdrawn fromzone 6, it is passed via 20 line 20 to
télectébfvem theginges giecitet h@p&k‘erﬂlﬁ? QUBliNAtZ 85 B .INGK-G) Bf the DME
it is scrubbed free of nethanol with a portion of the

B S0 isd zoMR RS 1isd SR B SAQUR 6 }n@thg%ié’l&eéq%&t that gontains 99.5
['ows to via |1 nes

recovery zone 3 which flo zone

recovery zaone s cked i th
B B Mol 3P lank R 3 B S80I MR I0uE st o the ranges
menti qned above | connection wWwth the operation zone
@ef«‘ﬁleart?j EQVs ?%aFe &9#{ W& cthe MR gnisring the zeae Hidile 225
fromthis vapor stream The resulting methanol -1 ean
[00gRt olAdflpast ¢ apdionsf teeaMEsleah end lighi®lafh-H610 4y @RR5Epor
PCT/ US2004/ 012415 w thdrawn via line 32 from zone 9

productatrsdrh frohescribting r@fet6 Bltiedn preferatipdssad viadine @b tb bR lower
present invention. In an alternative enbodi ment not

RBRHADfinkkthHe] AbAGHednds ﬁW)r'dlgr totrQl%ﬁVé fegﬁh?l%%%ﬁbl vapor

product streamcan be directly wthdrawn tfromline

i i . of th | | 1 b l, ted
e SRR B Rbr oSN B S ey oS & dhwes stream
rocessi ng. [002 eturning . to the |iquid sol vent _
Botis APt Hesih ristine RS vl tess arrikgs 2bie top of zone 6 this

stream will contain 1.5 to 5.5 mass-% methanol. In order to recover this small amount of
methanol dissolved in the overhead vapor stream withdrawn from zone 6, it is passed via
line 20 to the lower region of methanol recovery zone 9 wherein it is scrubbed free of
methanol with a portion of the by-product water stream recovered in oxygenate recovery
zone 3 which flows to zone 9 via lines 18 and 19. Methanol recovery zone 9 is packed
with suitable vapor-liquid contacting means such as those mentioned above in
connection with the operation zone 6 in order to facilitate scrubbing of the methanol

from this vapor stream. The resulting methanol-lean light olefin vapor stream is then
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6 via line 21, it contains nethanol, DVE, water and
substanti al and undesired anmounts of ethyl ene and
w@eopyhese. In the prior art flow schene shownPCTIUS10GH012415
2 of US-A-4587373, the liquid product streamfromthe
MRIBRALYR Bhe 32 floh E’&%‘@alﬁscoggt?]tﬁﬁs ﬂ?eslf@ oleBhPr L?C? stream of the

separator ere n an aqueous ase arate

UId rbo i en re t .
ot R e s Va%m“ﬁﬂlff PR et ahaten depine, the

h drocarbon stream recover ed fron1the primary
élébtaﬁlﬁfﬂlbpmdll@t sigam&ap he diestly wikkpwe énoat ke ZQﬂftth@nunor amount of
prior art that despite this phase separation, the
methranblosceani teHokodtedbatd thisrmeetharel dbés oo idtedfers with downstream
substanti al anounts of dissolved ethyl ene and
proepysirgne whi ch, when they are recycled 15 to the MIO
converS|on zone via oxygenate stripper 18 of the '373

pﬁf I@&Hm‘ﬁ? Qhe ﬁlﬁ'rlgﬁtsél%liltadottbﬂh&fegﬁl reb SRR Fordl| scrubbing zone
ese v

ery rea |ve teri resu tlng I NCr ease

S of t on zon S
Gtk it K5 PP e SE 2R 65 g%“?’@fﬂt?ﬂafﬁu@e%ed amounts of
undesi red ynerlzatlon and condensation of th
gaylene ang me eng-JRithepadr st fhew sshemeshowpin FEG+2 01? HS Ar4587373,
DVE scrubbing zone operated as specified for zone 6 of
thediquidepreduct3Geam Vem iheD)MEhbs@bE: 22 islshdwnas teisgpesad into a
wi thdrawn fromthe bottom of the zone via line 21

eapRrhtaf WikdreiR Yoe '2g G @SR PRaset 18 §&) a BB aiinl 20yl h{drBéatBon phase which
di ssolved therein 10 to 15 nass-% of the ethyl ene

isnﬂén femrﬁfétoztﬁggh@agt@p ar egé %qclﬁépe&aqeﬁ‘s& R d’l%rdrocarbon

e propylene t to thi's co

exi stenc ude of t I nt er nal .
Fté%«ﬂfesoveg# ﬁgﬂﬁ&geﬂgﬁaﬁ%ﬁ#ﬂ s P@%asaﬁiyzlﬁwpswa%d In the prior
appreciated in the flow schenme that is shown in 25

pit ¢hat degpite dhs ph@;gemg@ﬁ the_meshggolisaish/sgbggssiream still contains
PCT/ US2004/ 012415 [0029] In accordance with the

pubstatial domwmts dfahissobted ledybine ang prapybeme ofhi¢h evhieh qudycare recycled
sol vent bottom stream recovered from scrubbing zone 6

tcSthp AFBO @onveisibh Péneia bRydendltstrippe 1§ Bf Gk r 3PP AGhtZEM & ause
7 which is operated at a severity |level sufficient to

Sdtstan aﬁHQ?ﬁa"IlPéc:yé’lle £ RRYSL 'V el nal %{H}Yé NG ﬂln 1ncrease in size

propyl ene conta in th aqueous 11 qui

BEe RERO sPhiFEohebhemat I il BR S m%' i C?«'ﬂyst system due to

stri pper overhead stream contai ning DVE, et h){l ene and
prdssiredpl ymsazationagd sgpdensation of these very reactive light olefin materials.

In fact, for a DME scrubbing zone operated as specified for zone 6 of the present
invention, the DME-rich liquid solvent withdrawn from the bottom of the zone via line
21 even after hydrocarbon phase separation will have dissolved therein 10 to 15 mass-%
of the ethylene that enters zone 6 via line 22 and 35 to 50 mass-% of the propylene that is
charged to this column. The existence and magnitude of this internal light olefin recycle
stream was apparently not recognized or appreciated in the flow scheme that is shown in

FIG. 2 of the ’373 patent.
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bottom stream cont ai ni ng DME, net hanol, water and
reduced anounts of light olefin relative to the

woeb@ftiosdsdnt ent of the |iquid solvent bottom sPCEEHN004/012415

charged to this zone 7 by neans of line 21. It is
Eéef rra@ to operate this light olefin stripping step

0291 s e\IBraceqrdampe; veihe the g se Rt 1n¥endions 3tdeasha pemwionof thediquid
substantial portion of the light olefins while
solwenttbatiemussiegmmacaveridrfrony ssublsitg moncab sypasdeld via lige 2Bto light
| east 90% or nore) of the nmethanol contained in the
blefintstrippipg bre weich iSépeeasd hth Jeherityileuel surfieledeidtlift a substantial
bott om stream recovere fromzone 7. In particular
B R e R S PR IR indhis ptfiout Ihig et botom

i ' 1. leaves this.zone in t light qglefin 15
i bORe SR ST rBER P otRn i e rd dirrofaritp pepduce
28. This stripping zone nmust however be oPerated at a
SBPReY Gvghead slreapm FHainded Y¥AE; ethglene ard propylege and an aqueous
substantial portion of the light olefins contained in :
beitomn stgerna contrining IMiEe metignbh evaroned widacéd mmodits of light olefin
Odinarily, the severity level neasured in terns of
tebarpenather defiDc@B&10E tiRrthusd §d1 Rt BEttdrakedrs cBAbed & this zone 7
produce an aqueous bottom stream from zone 7

EPReahdbiNhel ASF i Eﬁfbrﬂadrf@%?ér%?eechﬂﬂlggf‘@leﬁg sfﬁghnﬁkj’sg%} gt,a severity

results when the Severity Fevels are set su

t ream.cont ai.ns .l ess.than 0..25 s-% .
ROMOPELE!S SRR GRS Rl g matonios 50T Bletios anie
l.ight olefin, stripping zone 7 nmay use a reboiler (not
SRGAYeoUsly dRaBiaming ibsieptally alhé-eudrleashPOig or amue) of the methanol
streans in a quantity necessary to strip the |ight
eingFingtkinghe wpui Bquid evimentrstredre inlthaviqoigl sodveno poft@natream recovered
light olefin-free gas streamnay be injected into the
fvotntzone 3f Ingtartiqubdrnge 2eveeity 1e28l i¥ iptefériabI§ s8Ssuch t19dt 98 to D9 mass-%
provi de the necessary stripping nmedium It is of
Bt RIBR Ao s M AR B8 X thi cpp i height olefin-
ripplng .z 7 with a conbingtion of a
RF bl SubiR A SRR et PR d6 2R FEE sieoBiecrang must
al on% Wth olefin depleted stripping gas which enters
WbQ/PlaEfi‘tFﬁi at agevertfydevsl yuhis suificemt enlift pisypatantial portion of
olefin-lean liquid streamthat is wthdraw fromthe
thelighimlefind qogkaines! infhaliqtd sppinnentemrgeth? zonavikiline 23. Q&linarily,
is then recycled via lines 30 and 10 back to the MIO
the sserisy lenelangiBuicd i td@E of GmRfDitiedpresstid Addabping rate is set to
reactants for conversion therein.

produce an aqueous bottom stream from zone 7 containing less than 1 mass-% ethylene
with best results when the severity levels are set such that the bottom stream contains
less than 0.25 mass-% ethylene. It is to be noted that the operation of light olefin
stripping zone 7 may use a reboiler (not shown) in order to generate the upflowing vapor
streams in a quantity necessary to strip the light olefins or as is shown in the drawing an
optional light olefin-free gas stream may be injected into the bottom of stripping zone 7
via line 33 in order to provide the necessary stripping medium. It is of course within the
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' saV|ngs are nmuch greater, best practlce I'S

[0030] The light ol efin-containing vapor stream
W thdrawn fromstripping zone 7 via line 29 wll

W@ o0oia943ssn nor anpunts of DVE that co-boil w tPCT/E82004/012415

propyl ene material contained therein and consequently

%1%%%%&%& )g?@seﬁf%b&ﬁfo%dco bg%ie%£ﬁn%£&ﬁr7 %ﬁh a%@HlY)‘?nahBh of a

ccording to one enbo e present

' [ . a of .t hi over. Y
B i ecteiRh o LRPMSTRG e #oRk SiSEd G
lines 29, 35 and 22 toth%lovver regi on of Erlmar
BREPEE L35 B i%ﬁnﬁeéﬁéor}eﬁ Y dae 38 ol hecowygenateraich aad Hely oléfin-lean
DMVE fromthis stream In this enbodi nent, secondary
IyEdsewn that snwitidrews fiosn thetbottomend lightiolafis siripaisigezone 7 via line
bl ocki ng valve (not shown) is installed in line 29

28 tsaher feeydled viatlidies 86 tihd 00 Badkito lthe WITEDcdriVeidiLionkdn order to

bl ock any flow into zone 8. The effect of this recycle

plovale aldaﬁ%halekeﬁh%ﬂté 25} cBhvdrdiBn MRhead vapor stream
wi thdrawn fromlight olefin strl pping zone 7 to the

[ one of course
f” SR L SRLAE LIS PRl vébok Bl HMS3Ra Borgwpine zone 7 via
. g% in_a proportional_increase |n t he sol vent that
l%e Béi AR FUNYIFROEILS pTD atiop-borhwithdfgrpropyenmaterial
this increase in the vapor |oad on zone 6 is 20
eqvainsd thetedn gndi®nsesjudtlyracssls % bf furthereddpetedlinadicoto remove this
zone 6 in the absence of this DME recycle line.
DMER W ccbitigg maerehtadingtt of efereebefinoekitiornht 164st k B6rtion of this
present invention, line 35 is blocked by a val ve (not

SN vapst s@ﬂeaﬂn%@ﬂdrﬂm? HB&{ ﬁﬁﬁmé 7O} s%ﬁs%ﬁ a/ﬁah?nes 29, 35 and 22

over head vapor: stream w t hdr from

ne 29 t
1‘7’1{5 fh@ %\Q?{ rég 3% o?gﬁﬁx%@% 1§3tt1108 4opeim elwﬂ é?lgf)\ﬁe {hﬁ Ir%ﬂdual
streamis ught into -22 WO 2004/ 094355
W@%&/S@ml ismh?é{r%e%o%%aarww absgetoBrane § is not
uid stream containing a DVE solvent. In view of
wSﬁ and e suitathablockiag alye (fdt showmds DvEled iic int 2Atftenthé n

this vapor streamentering zone 8 via line 29 are

intezdectiens s/ithhiae 35he onder feeisipelngtiynGow iitb ebe 8.0TheldTfecV @B recycle
streamthat enters the primary scrubbing zone 6 via

ol R Beadiza pcﬁﬂgn bhire ofv&%eap%i{& Widalnh G3thBR U hi ?}{t olefin stripping

0 use

%%%g P prd y%st%kl{ﬁrgler%%%%ﬁ il 8 % s%rlg i 1é18rea§1e 'R vapor load on

IS over vapor s e SO

ndar scrub zone 8
scrlgb%mg ZO>I/16 6 which results 1nga proportional increase in the solvent that is supplied to

zone 6 via line 11. The magnitude of this increase in the vapor load on zone 6 is
approximately 15 to 40 mass-% of the vapor load on zone 6 in the absence of this DME
recycle line.

[0031] In a second and preferred embodiment of the present invention, line 35 is
blocked by a valve (not shown) and at least a substantial portion of the overhead vapor
stream withdrawn from light olefin stripping zone 7 is passed via line 29 to the lower
region of secondary DME absorption zone 8 wherein this vapor stream is brought into
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can either be any suitable DVE-sel ective solvent or a
second portion of the nmethanol feed streamto the MIO

W@ wevssidN step which would flow to zone 8 viBCT/US®84/012415

10 and 12 and in this case, line 34 will be bl ocked
I i t 0 .
Pl Bt AU S a5 v o

glﬁ ry abso rptl one 6 and secondary
g{ha esn%? WoheRYIE GRineentaypy hthds vapor ﬁré%m iHring zone 8
onposition since they are both portions of the
Wﬁﬂm& R8lare muele s thas & qogrespandiiediusnlyerefos ithenv aponsireafihthat enters
contacting means used in zone 8, in order to pronote
ihe tpirimfeed @ scrobibiag zomes wadine CRearabbiarttle Bepotapties f6f tHRPsavings are
with the descending solvent stream are preferably the

28tk g tHeki n
condi %lﬁtgﬁ sHeu s%rg&}(:ﬁ lsz%ﬁgg g&v?/l;1 ?aﬁl ncl u r&%[ﬂé%h@@ to absorb DME

ORS00 By o T e o
AR BEr Y B AP HIEL 5 et ST anan & SBAR PSR ohge methanol

rocedures will be nuch greater for this enbodi nent.
1%9@) sizaansiaibie MHe caayassion stop ethidhvEouldfipvato Zone vidknes 10 and 12
vapor streamrecovered from 20 the MIO conversion
ainie thisicasedtine34 wilk beblobked tyea falna(nop shdved)iloghad intlie 34 prior to
recovered light olefin streamfromstripping zone 7

fidhctich WRAENE 12 SRCASARIY of 613&9@61{7 %oﬁﬁ;ﬂﬁmﬁg%ﬁ%ﬁl&?zone 6 and

an addi tional opportunity to utilize

SCP u‘%ﬁ’ %toh% nSSO‘L’ ﬁ%er W%t?xrlzglv%htg%f ik c}pn@gﬂf Py, since they are

ngjo Y PO 88
s than that ned to the pripary absorptlon
%ﬁamélon? ot ?hg%f‘ras@%ﬁ BF deed sires ta dleMBsapiaion zoke. The contcting
solvent in the 25 operation of zone 8 that is a
peansiused o zonh 8, imyorgerdd peamaiaimimae certastthetiweenghe ascending vapor

recovered -23 WD 2004/094355 PCT/ US2004/ 012415 from

seeymenili therdes@nding salvest sbreamnareprafe@bbotic s@n¢ as Gflezed in zone 6
solvent utilized in zone 8 flow fromzone 3 via neans

4ndQhe %@Mﬁlﬁ% b('SHdPtl(H@‘%ls&PﬂezronE @%19'3§cl§ﬁe §§(§N§ﬁ't6‘9’ V\}E&Qﬁasg ratio of
with |ine bei ng bl ocked yavave (not sho

1:/:[]25 ?ﬁﬁ%tsaigr( Ihe gg%zgfl ?}% ? HoWE as vénsé%eé otgzyns @Zv&l@eqe much smaller

ter d as the. saglvent in secondary
% Gins OB aortundiss donaravebnet williee Araduiahis hearerchange

wll be simlar to those maintained in zone 6 with
praeedesasepilibermydhegreaterdos biisembodimentapor mass rati o

[333?2(:*] Since the major job of DME removal from the vapor stream recovered from
the MTO conversion zone 1 is done in zone 6, the final polishing of the recovered light
olefin stream from stripping zone 7 that is done in secondary scrubbing zone 8 provides
an additional opportunity to utilize another DME-selective solvent in zone 8. Since the
DME scrubbing job performed in zone 8 is significantly less than that assigned to the

primary absorption zone 6, it is possible to use as a DME-selective solvent in the

operation of zone 8 that is a portion of the by-product water stream that is recovered
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therein will be increased by a factor of 1.5 to 5 in
order to account for the fact that DME has a | ower

w@bdosnd43ys f or water than it has for methanol. PODBSI004/012415

Wherein the preferred nethanolic solvent is used in

econdary scrubbin one 8, .tNhi one will. .be .
BTl 2t oy B BB e 4fF BYvets uiidiedone § flow
DVE- | ean overhead vapor stream containing nethanol, =
BORAA S in EepRomt gheavm irfo shaysrpenFASians @l pgubhing ene 8 with line
contai ni ng DME, nethanol and water which is typically
12 bying btbokedby arvebe (86 shown)Dat sealsTo€f the rfilver «fi moethamwd éeell to zone
in order to provide additional quantities of reactant

BRES @8- 10A8di18. BA¥Base WHREh pbitbedate feuled dsthe Soldent in
preferred practice to pass the DMVE-|lean 15 over head

PR D g S S L B R e it o
oS Rt S 4056 Yo 1 Ex o T Rie o 55 Ling My o used
net hanol can be tolerated in the econom cs of the

Bisesimpvilh ke rcreaned jrofacknwéd sl o ingnderdpacqopnt fog the fact that DME
presence of this mnor anobunt of nethanol does not

hasoplamdi a#inithdonwateathao it o fanyetbéindlhe | i ght ol efin 20
downstream processing units, at |east a portion of the

[0088 e adwsiére Rt bled¥dttm a0l Veh 8 uddd machRlary scrubbing
conbi ned (via nmeans not shown) with the Iight

PRIt P 0 ANERBGR LS SR Doroe a DV
ECIRRE LT R A ENRE W M —

t o pass both of these light olefin-rich streans to o
Heie shieam ceriaipag DYBh amethangl a1l watgewhich isypigslly Freycled via lines
resi dual nethanol therefrom as previously explained.
Phanch1Gtd MIO gayersion-22de W 204104856 additional quantities of reactant
PCT/ US2004/ 012415 the light olefin-rich vapor stream

thietis] AR shdvariid tAe afiched F8G. 101t iR pRAMId pradticbltd Pahs the DME-lean
zone 9 via line 32 constitutes the principal C2 and C3

Lof i . . : r
PSR SRty SE ARl el BERHES, e

to facli l[itate furt.her.5 undertst andi n f. the grreseugl'tt ¢
PRPEAYTSTO Vo F WP B AT ( QTR R g e P SN AOUL 8
however presented for purposes of illustration rather )
methanelithatis eomsinedrindis sgﬁgﬁpﬁf dhe loss of this methanol can be tolerated in

the economics of the operation of the MTO conversion zone and if the presence of this
minor amount of methanol does not jeopardize the operation of any of the light olefin
downstream processing units, at least a portion of the overhead stream flowing through
line 31 can be combined (via means not shown) with the light olefin-rich, DME-lean
overhead product stream recovered from the overhead from zone 6 and passed directly to
downstream processing units. The best mode of operation of the present invention is
however to pass both of these light olefin-rich streams to methanol recovery zone 9 in

order to scrub the residual methanol therefrom as previously explained. In this last case,
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will contrast the results using the product recovery
schene of the present invention with those obtained

WO e@4035pr oduct recovery scheme taught in theP@r/U82004/012415

art. The product recovery schene of the present

(B RB T R B etk I LT b RS Koo
conparison between the two fjigures will_ showthat, to

gore Lyiading 33son5tipies tf@dm%wabaé ABhCs afinpiedugtsleamot the instant
product work-up flow schenes use identical nunbers in
orvéeliort. o make direct conparison easier. In both of

t he exanples, the MIO conversion zone is run in a

foosuyli zethetowhitexamp efeprentet il brded (SHRDAE fhiyie
of catalyst. The SAPO 34 catalyst is prepared in

ﬁﬁ&é%tgrgﬂﬁ%of’\ﬂhg: résg 1%56ntt1%ﬂ%t]fe@&§n&ftog‘%oﬁfrél]egéﬁlﬁe 3Ry are

'S US Sl ze approprl ate Ord
I di t | .
ol EFrey E%saum%ﬁs SRS Bl B Gt

used in both of these exanples i s based on a 40

el sonjgasiheyresultigsiag thearrodict ireopeynahamne ¢f thepragserydngntion with
of inert filler/binder materials. [0035] The feed

those abtaivhd viettie prdubierediErye suveme saught inothe pfiowiré Therpeoduct

10 in both 20 cases conprises a m xture of nethanol

2R0verR selientOdtt the Piedeht AveBBoms-sHoWR RN BN®) 1 aldthe Prdduetecovery
is used in either of these exanples but substantial

eaaeﬁfato% ey %ﬂﬁ@%&i&ﬁ HEG. bSA @H@OC%%X@&@@ ?ﬁ@'ﬁ%gres will

due to the very rapi d kinetics as

i nternedi ate er at
e Shu i PTG B ol it B et e 106 Pro&ucgwork-up
follows: (1) feed 25 streamentry_ tenperature of 10
flay ssheragsrusg édantieslinumbersia Oxdes fe mgke dirert comaaEson eamzs T both of
WO 2004/ 094355 PCT/ US2004/ 012415 (2) a pressure of
the@xkmpltes.ahd MB) canvwasvh edneds durhin-alflbdiged bethmeds ef gferation with
total catalyst wth the catal yst being recircul ated

aShPO-p4 o caaRsL The SAPOI3A cAAIVES prephld ifBededance with the
primarily via internal or external catalyst recycle

BafiRes GNs %4%1@1 lgf"lltaﬁ!i Ydsed frg‘%(\“pﬁilgle e ngfo?ha%e for fluidization (i.e.

regener ation fromthe circul ng | nven
Syl e %e{efa%idép ik e a&w BiiaE, f?zanulaﬂon nsed
i nventory of cataly in the range of to 5 nass-

rpnl@t]a pgmé‘,seo@)qang&qsdp pgqedlog aghi a9 SIAPQ éé @ﬁé@%l{lfgélewﬁ ‘bound with

60 mass-% of inert filler/binder materials.

[6035] The feed stream charged to the MTO conversion zone 1 via line 10 in both
cases comprises a mixture of methanol and water containing 99.85 wt-% methanol. No
diluent is used in either of these examples but substantial amounts of a steam diluent is
autogenously generated due to the very rapid kinetics associated with the formation of
intermediate DME.

[0036] The operating conditions used in zone 1 in both cases are as follows: (1) feed

stream entry temperature of 100°C and an effluent exit temperature of 475°C (887°F);
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associ ated conventional regenerator (not shown in
either of the attached drawings) to reduce coke |evel

W@ 2001/093835- % or | ess and the resul ting regenerBUEUS2004/012415
catalyst is recirculated to the MIO conversi on zone

' t It al n | fied ayerage coke 10

(D il @ IRl (308 VEESG s et B 09,808l ctalys
ti of zone 1 in both of these exanples at these

"g’étﬁgﬁ“t caTleshRefg Tepaeulal alfripeeilushsepriztion sy s temmeational henner

met hanol feedstock results in 99.5 nass-@@conver3|on

paganlyora isemakel exttirsal splehstmcelandatd) end (4 abatalyst draw-off rate

structure shown in Table 1 based on an appropriate

fpardgenettibmfron the it OAGE inBerayss cARIYIRNCIoneANh l%hﬁﬁné@ufﬁcient

mass- % bound water, water is a very ‘substantia

foymiinhediigt avka r@lta’}%@cél@?ég%x{eﬂpoit tjaé“éirzgl?lgfgr{egsiggglgéﬁgcgd%talyst in the

and substantial anounts wat er mu

re nd separated fromthe
1%3%? g%ﬁ"ﬂ%ﬁ%%’ B 0b SR O LA BRiciidely FeaTBeRAFddR @ar
aretheagortion of effluent streamwhich is

gcs %e%%ﬁcqnaew FSGORELOF a6 §laawn inl eithes efibrettached dtdwings) to
t hese 20 exanpl es. -26 WO 2004/ 094355 _

TRRER 980 I Pl olumEss- F ABILES and/ihelrels:ltiteiepdERLED BAEI S iON
Zone Selectivity (Mass-% of Conponent Met hanol

regjranled¢etotthe MEFD aomveldsiSibzorelin @A €0 Sdinedln tHie HRBG0 abeage coke
Propyl ene 44.50 Propane 0.30 Butylene 9.5

level on the circulating catalyst inventory.

[0037] Operation of zone 1 in both of these examples at these conditions with the

specified catalyst system and the methanol feedstock results in 99.5 mass-% conversion

based on methanol disappearance and the yield structure shown in Table 1 based on an

appropriate carbon balance.

[0038] Because methanol contains 56 mass-% bound water, water is a very

substantial by-product of the MTO reaction that occurs in zone 1 and substantial amounts

of water must be condensed out of the effluent stream and separated from the

hydrocarbon products of the MTO reaction zone in order to prepare the portion of

effluent stream which is charged to the product recovery flow scheme in both of these

examples.
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But ane 0.01 C5+ 5.00 Coke 2.85 Unreacted Mt hanol
0.50 DME 1.05 Ohers (H2, CO C02, Dienes) 1.29
waamaoBed. 0 [ 0039] The effluent stream exitiPQI/NFI004/012415
conversion zone 1 via line 13 can be subjected to
conventional cooling procedures such as feed/effluent
heat exchange (not 5 shovm)T‘%ﬁ%lEils charged to quench
zone 2 wherein it yaereaeMTodReEstaedag i n order
to condense a substantial anount of thenby-product
wat er contained therein. Quench zone 2 Selpotividy es as
previously described with a circul ati ngMassefalti ng
medi um whi ch i s @ompBfiddty Water ardemhensltFRjudisent |y
contacts the hot, vehigagrrich effluent stggamfrom zone
1 in a manner degjgngd to condense a mg4 gf portion of
4

the by-product watgf.fsomthe MIO 10 corb/'g sion step
and to drop the t Er}%ﬁgn%ture of this effjé 'g t stream
such that the hydriocarbon portion |eav % gone 2 via
line 14 at a tempef®lfe of 40C and a preslure of 200

kPa. In both of tRBY&R&nples, a portion B? the
circul ati ng aqueoddt#edi umin line 15 i&0Hrawn of f
via line 16 and pa$ssd to oxygenate recovedy zone 3.
Zone 3 operates at Cokonventi onal oxygendl.& stri pping
condi tions i nUaredeted Methdnol p subst anti ald.yo al |
oxygenat es 15 whi chnare then recycled to p4O

conver si OI@)tK&QqH&’@(ﬁdd#%nég) and 10. These oxygenate
material s accunmulate 'in this circul ati ng quenchi ng

medi um due to t helPTilgh solubility tH¥@in. An

aqueous stream w thdrawn fromthe | ower regi on of
(995 %e natlbe cHbwnestycanperatin@ VI TN @O0i @028 T via line 13 can be
PCT/ US2004/ 012415 3 via line 18 is substantially pure
stdjcetedwb thnweatiynaricoolinggprotstiuges ahicie afeadrefiRighSheat exchange (not

di ssol ved therein. [0040] The hydrocarbon and

POVAF A B-AAIER DG RGCH 208 2 FUEEDER AnddrO8Bs B dr o g in order to
condense a ’substantial amount of the by-product water contained therein. Quench zone 2
operates as previously described with a circulating quenching medium which is primarily
water and countercurrently contacts the hot, steam-rich effluent stream from zone 1 in a
manner designed to condense a major portion of the by-product water from the MTO
conversion step and to drop the temperature of this effluent stream such that the
hydrocarbon portion leaves zone 2 via line 14 at a temperature of 40°C and a bressure of
200 kPa. In both of the exz;mples, a portion of the circulating aqueous medium in line 15
is drawn off via line 16 and passed to oxygenate recovery zone 3. Zone 3 operates at
conventional oxygenate stripping conditions in order to strip substantially all oxygenates
which are then recycled to MTO conversion zone 1 via lines 17 and 10. These oxygenate
materials accumulate in this circulating quenching medium due to their high solubility
therein. An aqueous stream withdrawn from the lower region of oxygenate recovery zone
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quench zone 2 is passed via line 14 into the primary
product separation zone 4. During 5 the passage of

WO koog/oygpdr stream from zone 2 to zone 4, it i BCPHSHEH012415
t hrough a series of suction druns, conpressors and
%ool rséénot shown in the attached drawing) to _
Prids B b 15;spbstaptiadly puge Wetepwh vRYamined ameuats o€ senteminiants
enters primary product separator zone 4 at a
disapleedithgredn.of 38C and is held at these conditions in
zone 4 in order to produce a three- phase separation
VO00% by ’Ehefh/yﬂ_ﬁmﬂicﬁ%dfdxfyfeﬂémo@fnt@ﬁﬂ% &apSt WekHREE 8 the top of
fromzone 4 via 10 line 22, a heavy hydrocarbon |iquid

RiiaRA zbfe Wid HHtaMA, iiﬁ@ 1 {1E t}ﬁgﬂr}g‘?érfg %rédu@fe?eigreﬁgg .z&Fen4. During

aqueous phase Is wthdrawn t Vi a

dn Ex le.1, the, aqueous phase from zone

iR RE it Feoph SFBT R ARE 2R 25 318 DARed Hirouatas series of
lines 24 and 16 into _oxygenate recovery zone 3. In
fyraion dgiins crepEesedawrd Faplers (ot shewain the attasheslrawing) to increase
this aqueous streamfromthe primary product separator
lisprgpgige pwad{¥@dPaoantbaszoneil itenepprimaryt frodudt asaratbt zone 4 at a
travels via lines 23, 21 and 16 to oxygenate recovery
warperabure of 0841 hnd R hoh 4t tls8 0Pk ESork iARENL4 id Hfler to produce a three-
hydrocarbon |iquid phase that is withdrawn from

dsEBEphrAoRdM L | b bk iNGitAdral i
PSR A0 ) Rl 5180l o s v

e I t f.the stri r ere the overhead
RS A R B Poid 9B sl RGeS thectopf dBliecs and an
mai ntai ned in zone 4. DVE stripping zone 5 uses 20 a
20465819 RI1s¢ isovithdnim therelgng H@rhI@rQa"V\A%h@I)G- ilrised reExample 1, the
generate upflow ng vapors that in both cases lift DVE
egous pitase Gpefzons 4ds watbtinasu therefrbum iy Hno22 b passeduit lines 24
streaminto the overhead stream which is w thdrawn
drdoli6 ihitd exyzeinge wicavdry 2ene®. Iamik flbwWehen® B NSHHGOD used in
with line 22 wherein it is conbined wwth the overhead
EX00B18 ON@ishqud IR shESRGEH N ' |

0L isaqu s Gtdnd Hlerﬂrffﬁéllgf)fc%d%gf %ggra%qﬁ?c‘glg? g&%gd to

primary DI scrubbi ng zone "6 Vi
2 which .is. ri LN +. material is
A R SRR U O Bnts B iS4 P Eimmsgasnyery zone 3.
U822194/Lg#§415 5 by neans of line 27 in both
| edn Both Kexamplesy; agid thedimdeqoaehamligithphase that isewighrawn
and C5 ol efin products of the MIO conversion zone
frora meiowicy brodaeti soparatinhamededy liee 25 symhssedao MVIE stripping zone 5
by- products. This heavy hydrocarbon product streamis
whitlh dpeawses ui Bpressue at the top of the stripper where the overhead is withdrawn
which is 172 kPa less than the pressure maintained in zone 4. DME stripping zone 5 uses
a reboiler (not shown in either drawing) in order to generate upflowing vapors that in
both cases lift DME and light olefins dissolved in the hydrocarbon input stream into the
overhead stream which is withdrawn from this zone via line 26 and flows to the suction
with line 22 wherein it is combined with the overhead from zone 4. The resecting
mixture is then passed into primary DME scrubbing zone 6 via line 22. A liquid

hydrocarbon stream which is rich in C4% material is withdrawn from the bottom of zone
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27 and passed to further heavy hydrocarbon treatnment
facilities that are | ocated 5 downstreamfromthe MIO

w@e@emesss5 [ 0042] In the flow schenme of the preB&nUS2004/012415

invention used in Exanple 1 as well as the flow

heme of the prior art used in _Example 2, zone 5
5%&%@@% Oéhnf‘a%i'gmt boshEramplend apd 2. Bvs boemsiiegmaampssesghe Cyq
light olefin recovery. The overhead vapor streamthat
B@dgcs odingredudtnofighe MirQ comeduct zewpdony with #atisus other heavier
conbined with the overhead vapor stream 10 from

Bydrop@bogb Z-prRlubts AThik Reayytydidcarbo@fprbdude strebdn ANFitRawM via line
both cases and the resulting conbined vapor stream

by QH@BA’SE@d {d fﬂﬁh&%ggw b?c?géé@?é@r[)tréa‘?&le&”fa&fiti%r I{hﬁg'{rg 1dMed

absorption zone e recogni ze

Qg\ggsl{%gm%%gi}ﬁwﬁfpdi fferences between the vapor
S pr

r eans 16€522 and Iine 26, a conpr essor

e needed in line 26 to ensure that the flow of
P%ZENE I st e achamecofrine Pissisny enton yseddn gxgmpicplees well as the

15 [0043] The product recovery schene of the present

flavesahdramof tha pvior anhudddn Expmale?, zbixab pofvidds@n pdditionarmheans of

(shown in FIG 2) both utilize a nmethanolic-rich

BOME estbvéry add aB6 Nighbbleln Z&aeer§. Tie SVeiiRadtvaps iRy thiEs

fromthe |ight hydrocarbon products of the MIO

R Pl s LR B SR bkl vagpr sream
d ream whi ch, enters the cess, Vi ine 10. The .

B8R o Tp R R A2 BT ¢ GieP GB AR g6 b Reth soies Hha i Tesulting

diverted in |line_11 and passes into the upper region .

?ﬂmb@%‘f VARSE Bigey Haws vidieer2ioithe Jopistigegion of primary DME absorption

countercurrent fashion agai nst the upflow ng conbined

rongrto dds bobe rwopgraiadi thef beapse of pressure diffecdncenbawsert the vapor

| oner region of zone 6 via line 22. The anount of

stedahRpdskat i Gine @D tand Miak 26,5 cinvigds6imul e hbdRE id Bn@DE to ensure
11 for use in scrubbing DVE and ot her oxygenates from

thberhk M oA DR Bpé}ﬂfé@s@&ﬁﬁ fidth zgﬁetefl is&%&@s&ﬁ)eﬁ he

bottom of zone 6 via line 22 is 0 mass- % of

ot feed that is _ghar to_ -29 .2004/ 0943
1834 2o 00 DD v TR e Persf PpPBLERERoMR i Fite 1 and
éﬁg?fjg bot h c&ges, .zone 6. is operated at DVE )

{ B RgOBhERe VB s FIGrd) bathyilize aapgihangligrichsplvent in@

a pressure of 2020 kPa and a solvent-to-vapor nass
seabbdngfone 632 otder ¢o prnoeigd ¥ME fBVE theelight Apdiocarbon products of the
hydr ocar bon-rich
MTO conversion reaction. The methanolic solvent is obtained in both cases as a portion
of the methanolic feed stream which enters the process via line 10. The portion that is
used in scrubbing zone 6 is diverted in line 11 and passes into the upper region of
scrubbing zone 6 wherein it flows in countercurrent fashion against the upflowing
combined hydrocarbon-containing vapor stream which enters the lower region of zone 6
via line 22. The amount of methanolic solvent that is diverted via lines 10 and 11 for use

in scrubbing DME and other oxygenates from the light hydrocarbon vapors injected into

the bottom of zone 6 via line 22 is 50 to 100 mass-% of the total feed that is charged to
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over head vapor stream which in both cases exits zone
6 vialine 20 and a DME-rich 5 nethanolic sol vent

WO papaioght3si r eam whi ch exits zone 6 via |ine 21. PATES2004/012415

tenperature and pressure of zone 6 as recited above

are nmeasured at the pojnt o i t hdrawal of. t he

the NP o VFESkOI ropess afa fﬂ[lq)%%flﬁl bR Feeeg: %ﬂmﬁﬁf ig ppyfaigd at DME
description of the conmon el enents of the flow schene
schwsbingscondisigns imching Hsempgtasase of Ad-476) 4 prapsyie ¢ie)20 kPa and a
exanpl es are structured to nake 10 manifest the

divieheroevapes mast ivde pf 113€: lojogradicon INYIEtleen fildhydsedaermm-rich
of Fig. 1, an enbodi nent of the present invention

H8RR Al Dafor ATBAS, hicRb&h chiig eRiid £ned Hia 566 208nd FIDME-rich
, used in Exanple 2. EXAMPLE 1 - Present |nvention

2

0045]. Th ! S ;
APl TR REME P ARl PTG o b Bk anc
BRI ERES TaB b Zbmardl frin R el of e

Lines 12, 31, 30 before the intersection with |ine 28
quethepd NepZStrgdmer the junction while line 35 are

t herefore bl ocked of f by valves (not shown) in order

[00441 oc Kaeilz coapbaeths yeddhhtiabsbthp tommonahendits b Bpw scheme
In this enbodi ment, primary DME scrubbing zone 6

ARAE ALSin dStHIRSAEAINE the 800RRQRUS ol RainBRs diesttiS fir@NtoGhake
the common el enents between the two flow schenes with

I%iar?n;es;gfl% %ﬁ#&g&eggﬁw&n 'tlﬂe cgﬂ%ga?%g o# %%dﬂévl? he}aI% d?slf{i%.clr,‘ an

C
one e recy e overne eam .

produced in light olefin stripping . zqne 7 ichis .
Evacoentas epreest fivanioted s Exitdast dnindo e Blipt it spheme, Fig.
be understood that pressure differential between zone

7, vaedlinddwepde 2.may exi st and require, compressive means

(not shown) located in line 35 to increase the -30 WD

2004/ 094355 PCT/ US2004/ 012415 pressure of this

over head stream t o BEXARPE hbdvesentiaventwinnt ai ned at

the bottom of zone 6. Prinmary DME absorption zone 6

then operates as previously described with the

[?B@@]pt | g phatfuct lREowRpP Blbw seBeottilided i GiieeiAnple iy shasadn FIG. 1
y a factor of 25%requiring a corresponding increase

\%(gh Ell{égex@éﬁfbﬂtthﬁfin RS BARRkikfenBt&H MEPBhesdt VBFehB6h,fse8ddatyIOME
absorption zone 8 is not utilized. Lines 12, 31, 30 before the intersection with line 28
and line 29 after the junction while line 35 are therefore blocked off by valves (not
shown) in order to block out secondary DME absorption zone 8.

[0046] In this embodiment, primary DME scrubbing zone 6 operates as described
above in the discussion of the common elements between the two flow schemes with the
exception of the increased load that is put on this zone due to the recycle of the overhead
stream produced in light olefin stripping zone 7 which is charged to zone 6 via lines 29,

35 and 22. It is to be understood that pressure differential between zone 7 and zone 6

may exist and require, compressive means (not shown) located in line 35 to increase the

-30 -



10

15

20

25

51ine 11 in order to nmaintain a solvent-to-vapor nmass
ratio of 1.32:1. Zone 6 therefore operates as

w@e@vioowssi y described to produce an over head vBEDDS2004/012415

streamwhich is DVE- | ean and C2 and C3 ol efin-rich

Because_ their light olefin-rich vapor stre | s

BN NGBl NEeBh b HE oI %@&ﬂ%%tﬁ%e Botiom of zone 6.
vapor-liquid equilibriumconditions nmaintained at.  the
P@ma@rDPzﬁ@segptﬂon zpge @ thenamerafasds preyéqusbedeseribad with the

enbodi nent of the present invention 10 that this
enceptieaihasthe eaporleaddrathg ednavisandreased BY atfactoralidfolequiring a
recovery zone 9 where this overhead vapor stream from

EARRpSh R RA S BO A YR A hReh 0RO sElUMR Aikier@a fitenline 10 via
stream under conditions selected to scrub

g#‘? gfa%n&r%l%l tb¥na§l|1t|ainoaf sol %t—?if—(/%gg gllals% fa?nig]t(ﬁ gih%: V3L 6 therefore

€ aqueous sol ven recovery

zone 9 is provided to this.zone via Lines 18 and.109.
QT P BRUYY Gt B9 {praac ERIEaS YR (Epf i s DME-
roduced in zone 15 3. Zone 9 contains suitable .
merd Cprgd Fsaelin-gohp Rasaess theiplighitodefictichoyaner strgpm also contains
aqueous solvent injected via line 19 with the
aphrhomit g meapao] dicraedis thi ivepordinpet ejuilieiunocemitiafs maintained at
the zone via lines 20 and 31. Zone 9 operates at a

IHRIDSbBLIES, Rfis £ pleferfedirsiRdof tH§ emBSditheliRet tBE BreBent invention
sol vent-to-total -vapor mass |oading ratio of 3:1. Zone

ﬁlélt Eﬁesr c?\)‘eﬂge%d s@?ﬁ% ﬁ%; ?%Ehr%g% filgiflme Bgh& g%?t%ﬁglar@&év%ﬁl ?o:%loé where this

anol rom In pro stream™©

t he present invention ich is produce s _an_over head

St u AR T T 2 PR Sh Rt R eO53R: sream
and constitutes the principal |ight olefin product

wndes gpnditionsrrelecisel dol srrtb pelstantiplly 8l pEthe nethaned figpetbismtapor

i nvention. The nethanol - cont ai ni ng aqueous sol vent

stigaen fMhe haiiedus sulivetitdisedin hetbandl hecolyetytzone 8fis powaled to this zone
recycled to zone 3 via lines 24 and 16 in order to

eManey a8 hid [®hd Pordibs ofEiBORbdYR MbEerGabimiting é proaicdin zone
tlo zone 1 25 vi aB(I)ilne()l?. -31 WO ZOOAf/ 094355 4

ggéngn%ggo%%i{?%sguﬂn@teﬁ[gﬁ%ﬁt?%g xlﬁg{iﬂértg k)ﬁgltucgtg tﬁé]\%ﬁ?&%ﬁﬂ%&‘ B aqueous

sol ven reamwhich 1s
rich in that s wthdrawn. fromzagone 6 vi.g line 21
FalVeiH lecie a0l LT PR R DT PR UHCL PG S8 bottom of
to light olefin strggping zone 7 and enters this zone
thte zone il lings 20 and A .dZqmeidrperdies a gfiemperatyie off 2X (Cna pressure of
stripping zone 7 operates in accordance with the
8 EXxlePu and a solvent-to-total-vapor mass loading ratio of 3:1. Zone 9 therefore
operates to eliminate substantially all methanol from the light olefin product stream of
the present invention which is produced as an overhead stream and is withdrawn from
this zone 9 via line 32 and constitutes the principal light olefin product stream of the
product recovery scheme of the present invention. The methanol-containing aqueous
solvent stream that is withdrawn from the bottom of zone 9 is recycled to zone 3 via lines
24 and 16 in order to eventually return the methanol value contained therein to zone 1

via line 17.
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5 invention at a severity level which is sufficient to
strip a substantial portion of the C2 and C3 ol efins

w@omtade3ssl in the DME-rich sol vent stream t hat PG EUS2004/012415

charged to this zone via line 21 but insufficient to

r e a_significant portion of the nmethanol that is

éﬁ@ i neffei qng f @e%g@gﬂ‘t‘ okzqng Hmiheetanpdic spbyenkstreamewhich is
severity used in zone 7 is substantially |less than

trich in DMEthay iy witkdrawh dton gongdedailine 8% yyerrat erdrmeoviéh the present
zone 3 where it is desired to Iift 10 substantially

ahventsy geargée® light oletihatrippeidwmd 7viad @htesd theiBne 406€below the
as previously explained, can operate with a stripping

SRG-pIRE AT NITG bl oFe ﬁﬁbﬁgné SGE POSErAbEH a{c@ordgﬁfeh@ﬂﬁ the present

whi ch can enter~zone 7 Vi Ine 33. Alternatively,

. it h . boi . ho d
S50 S0 SRRV BB ot B PR AR o o
BRI cataRrn PO il SUUT BHTOR e eheEEeson di papc via line

line 28. For purposes of this exanple, line 33 is

Bl bekimguidicienhisaremone b significantyastienof the nslthnobthgeiseoataimed in
all of the upflow ng vapors with a suitable heat

tide eoleent stremania of e tw @8 o) sevatgtuged infzonk N8s @sbstaMtially less than
mnimze the utilities associated with this reboiling

eREJAb9Nevel that R el ERRByery! heteSiisesi i
congi t itgngvev\hiach a?ehg(t)%y i%%te%8¥gygt§?€%%gu{)e§?5ﬁefg ﬁlt}?hft

- I . ained in_the DVE-4ich sol vent
Shbsuliahu S EEE G N BAG A Judop B e YR Hbusty
i nclude a pressure of 1827 kPa and a tenperature of_ =
Cl?léegwﬁae ﬁpérawa*iwtﬂ? BALIPRIG §78 AR Whichiip glehigrlaan gd rich in
wi t hdrawal of the overhead vapor streamfrom zone 7
weghang pdichocanigntbs zonhésie lowridi Altornstivelprieng 7ape vatree with a
to renove 100% of the ethylene present in the
BMeiled @bt stetinaand agtog@lovsiytgeadratcapdotvirgs Riparsbyarebbili@g a portion
21 and 51.2% of the propylene which is dissolved in

bhthe DRt SlbBR-deBleRANR thénod WIVENR that ﬂ“\%iﬂ?@ra&vﬁi‘ﬂyﬁ’i ;{Hscq:gjottom of this

light ol efin-rich overhead vapor stream

i r 7 N - 32 A4/, 094355 .
BN BH025 OREEBSre sfdh il R R b B and a rebote
contam nated with . nor anount of DNME due to the
SR usgd& fq %ffflew%g‘% e uBﬁ/EWWaBP@WF% glitaple hegt yegovery
accordance with the node of operation of the present
meermimobshossng dasiatediin ding A9 thingnimvdsalie nhitiesrrssmsated with ¢his
return this light olefin streamto a primry DMVE
saboilinigi apgrarion elnGhis Rxanplel zdne 756 bpdrateiat eslitedhs vtitingre sufficient
DVE
to strip substantially all of the ethylene contained in the DME-rich solvent that is charged
to this zone. These conditions include a pressure of 1827 kPa and a temperature of
76.7°C which conditions are measured at the point of withdrawal of the overhead vapor
stream from zone 7 via line 29. Under these conditions, zone 7 operates to remove 100%
of the ethylene present in the DME-rich methanolic solvent charged thereto via line 21

and 51.2% of the propylene which is dissolved in the DME-rich methanolic solvent. The

resulting light olefin-rich overhead vapor stream which is withdrawn from zone 7 via
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5 therefrom The overhead stream from stripping zone 7
is routed via lines 29, 35 and 22 into zone 6 as
wee@viosss y expl ai ned. The bottonms stream fr onP@DIE2084/012415
|? rqth?ramn therefromvia line 28 and is a |ight
olefin-lean, DVE-rich t hanol i c_sol vent. St [
ey iSRGy R A TR WY fibne
and 10. [0048] The cal cul ated separatio ecover .
aféihity betarech B3VIH endprapyleae it isHn @RETIHCE BB BRI 51 opgpation of
present invention described in this exanple are
the pessentintknition Bakrhpliffed inrihis anbodimend neneadaey t ieturn ghis light olefin
first colum shows the principal products, the second

st prERAYDHNIRGRBbERY0AE 6 iR brdehidSschutodie containatating DME

Lgfgxﬁred I N Ehe recycled liquid streamand the third
resen t ; j
S e AR e R g ROS SRR Rnc 8 AL UA LIRSS, I5nd 2
R R e e R

that the present invention drives the ethyl ene
themfoverip Lo 28 qind iy light qlﬁ@-}&ﬁ%daw-%ltwgﬁﬁyolfq gpjyent stream

scheme to 100% whi ch stands in sharp contrast to the
wiidhGE redithed eCHTE) yonvatseonofons 1. vid aastiés AO iad h@r ei naf t er

shown in Table 3. TABLE 2 Separation and Recovery

[@%j ci efifd @& QT seBhREYE tecoRag@¥RfishdidsMs Bihahwithithe
resent | nvention % Recovered % Recovered MIO

Reactio i St ¥ i
o oGRS UGB Y e S e
.20, : Propane_.19. 13 80,87 . ,DVE 98. *
inishSlgF G HOHRB 5t CAERPRAKE [P BALRieRug e gsgpnd column
pass basis. -33 WO 2004/ 094355 PCT/USZOO4/O%24}5.
shows the percentage of this product that is recovered in the recyc ed [iquid stream and

the third colﬁmn presents the percentage of the product that is recovered in the light
olefin product stream withdrawn from the instant product recovery method via line 32.
15 By reference to Table 2, it can be shown that the present invention drives the ethylene
recovery efficiency of the product recovery flow scheme to 100% which stands in sharp
contrast to the prior art recovery rate of 87.71% which is hereinafter shown in Table 3.

TABLE 2

Separation and Recovery Efficiencies* for Product
Recovery Flow Scheme of Present Invention

% Recovered % Recovered
MTO Reaction Product  in Recycle Stream  in Product Stream

Methane 0 100
Ethylene 0 100
Ethane 0 100
Propylene 20.0 80.0

Propane 19.13 80.87

DME 98.99 1.01

* Measured in mass-% of MTO reaction products on a per pass basis.
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Wth reference to the fourth line of Table 2, it can

be seen that the propylene recovery rate increases to
wW@oht3sh stands in contrast to the 59. 72% r ePOL/ES23004/012415

rate associated wth the prior art flow schene

reipafter exenplified,in the control Exanple 2. It
i sltd% Ee@‘gﬁ‘iceﬁ@éeoggﬁhtlm{s o igli’lﬁ Br ’é&%lé%‘? prepdlaas g propylene recovery
efficiencies for the desired light olefin was not 5
Hie Biprasisda 8% whigh stemds fni eoatrpst to He 9% 72% reoeyryahte BMociated
recovery which is clearly denonstrated by conparing
whid theputtast Béw stteniNiereiasforekymplifid CingRe b&rdl ERBple 2. Tt is to
Tables 2 and 3. EXAMPLE 2 - Control [0049] Wth

behere Hee thoMictasd MGediled) dFicRASEST PYAT :
operations of DVE 10 scr ﬁ}}bbi ng zone&%&?%é%l{%@lglit Qlefin was not

j s 2 f -A 4,587,373, it
RLCRLATRY Byt Mk LB RS ot R 5P B eS0T ahes ety
LS W thdrawn fromthe bottomof zone 6 is passed via
{i?r%%ns%itegﬁéi “Piopargihege ?QEH&%W@@W@FW@@W@C@S figm Tables 2
order to strip both the recovered DMVE and the

anolic solvent fromany water that is present in
this stream and recycle the resulting DVE
i nternedi ate and unreacted nethanol to zone 1 via line
15 17. It is to be noted that the DVE-rich nethanolic
solvent that is withdrBEXAMPIOERzdbenif®l via |ine 21 can
be passed into a phase separator (not shown) in a
conventional manner in order to allow recovery of any

06428t i vaViyh tefgtndeqiow rohbYeENEakbaRsd With%pte%‘ﬂiofis of DME
e

material) that condense in zone 6 due to

LRbBirg RS GIRIEIG 2D Recbiighal Dith HiGe Mok gf‘@g'éiﬁ%'ﬁsmws, it can

ol ef i n-cont ai ni ng vapor product stream-l

i e er. regi on. of. 20 scrubbi ng, zone 6
oL APy N bR BB riaR i St i bottom of zone
(proces§igg.n H_a gfrt of the MIO process of the "373
baPaHEY Vi H’é’% agf@ne ] 6;1g Ok ygeaRRSECAVEI Y 299 5B rder festrip both the
flow schene that is shown in FIG 2 of US-A-4587373.
IeGpVered DMEgnd theeme dagolfatobren fromremy baterchatds presetst it this stream

zone 1 of the 7-34 WD 2004/094355 PCT/ US2004/ 012415

and tenyhledhd-teSultiag MM istetnikelidl Ghd Oi¥RNEd MBthaRRo zone 1 via line
Quenching zone 2 is functionally represented by

19omhd BDeZR0R thé tgé D‘M}]E—ﬁcﬁ tRARE Solvden LY $8R&%$n from zone 6

recovery zone 3
via line 21 can be passed into a phase separator (not shown) in a conventional manner in

order to allow recovery of any relatively high boiling hydrocarbons (i.e. C4 + material)
that condense in zone 6 due to the conditions maintained therein. The DME-lean light
olefin-containing vapor product stream is then withdrawn from the upper region of
scrubbing zone 6 via line 20 and passed to further downstream processing not a part of
the MTO process of the ‘373 patent. /

[0050] FIG. 2 is intended to represent the flow scheme that is shown in FIG. 2 of

US-A-4587373. In FIG. 2 of the *373 patent, zone 12 corresponds to zone 1 of the
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attached FIG 2 corresponds to oxygenate stripper 18

of the '373 patent. Primary product separator 4
w@oronespends to product separator 16 of the ' 3FGI/US2004/012415

patent. DVE stripping zone 5 5 is represented in FIG

2 of ' 373, pat e stabilizer tower 26 and .

g ?ﬁ@ 2 SUHES e E@FC? g‘?ﬂ"@%‘?ﬁ@&?%@“ ngezBF Bt stionally
[0051] By utilizing the operating conditions
RIS 3 cOREATR IIchE thendPEser Sho ek sgamtoyeessy zone 3 of the
shown in Table 1 and the known affinity for DVE

ettdvhbd FEQ. Dyoreesponds to wr Yy geantelsirippeoll § efithe *8¥epatent. Primary product
separation and recovery efficiencies associated with

bdRrdsd @éor?ds?oﬂc_@ t8 peshuet sepBERY 26 Yof W73 pAGHE DMEE tripping zone 5
calculated utilizing a conventional chem cal process

ulatio o
PR R G BT P RRUNCHY 0008 8. 0 I chbbing
of these cal cul.ati ar sented in Table 3 in

819 186@@%%%%&“%%%8&?@2 very efficiencies for the
various key products of the MIO conversion zone. TABLE
H03dhar Ry viilizing thrapeipting cerditiensdsedinbeforespecified, dhe RO
Product Recovery Flow Schene % Recovered % Recover ed
hMii@eReacyiclls skvvadircTalile 1 Red shellao®hragimity for PMEWRhibited by a rich
Stream Methane 3.43 96.57 Ethylene 12.29 87.71

Heltanelid dolveht 38e depatiii®Ruhe R o¢lhy 28iAshcles askic®@NGith the prior art
40.99 59.01 DME 99.0 1.0 *MeaSured in mass-% of MIO

[ [ oF J The .
PR Sy BEOAOAT ol R SR g o ot Gl g process
f s-%.of .the MIO reaction product that is _
OuCrRas i PiIaE reser GBI R iore 1t Qe Golh Be opy Pietated in
roduct separation systemon a per pass basis. For
E&@ﬁﬁ?-éﬁheirﬁﬁuﬂtﬁ of thesecaleulaliany aespresentrs inTablel 3 i temeswf separation
that 87.71 mass-% of the ethylene produced in MIO
auheeowirpaffeomeied forsthe various key products of the MTO conversion zone.

TABLE 3

Separation and Recovery Efficiencies* for
Prior Art Product Recovery Flow Scheme

% Recovered % Recovered
MTO Reaction Product  in Recycle Stream  in Product Stream
Methane 343 96.57
Ethylene 12.29 87.71
Ethane 11.77 88.23
Propylene 40.28 59.72
Propane 40.99 59.01
DME 99.0 1.0

*Measured in mass-% of MTO reaction product on a per pass basis.

[0052] The efficiencies recited in Table 3 are measured in terms of mass-% of the
MTO reaction product that is specified in the first column that is recovered by the
product separation system on a per pass basis. For example, in the case of ethylene, the

results show that 87.71 mass-% of the ethylene produced in MTO conversion zone 1 is
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-35 WO 2004/ 094355 PCT/ US2004/ 012415 recovered in the
overhead stream 20 from DVE scrubbi ng zone 6 which in

wo b@4lodgght ol efin product streamfor the ~ 373PQHUS4/012415

In contrast, the remaining portion of the ethylene is

' t he t han C-r ent w t hdr.awn )
?%C%?ﬁ %‘%9 ey eeaT BBl S Rg I SRt iriohe poviieh e ligh
(ngto MIO conversion zone 1 via lines 21, 16, 5
bstrgameor the g patgnt. Imeontiast, fhesemaining pasiipe nbthe
are even nore interesting in that 59.72 mass-% of the
pibglene éndissolvedin e methamtie-richesol vest withdpmadess the ottom of
line 20 as part of the light olefin product stream of

bdreblngdoiet6 viadiaw &1 yins yedyelen id MITD tadRekiblzdHeG vid lines 21, 16,
Quite surprisingly however, a substantial portion of

B4R PLROHENG bl ST %SMEWOP@%E?/ Eﬂe{ ME?V&? ﬁﬁ\féefn?érgﬁmg in that

zone 1 because of its
cruhbi ng zone

vent used
?ftéf rﬁ[eégiy &4 %fét% PB‘W K 8@4"8@3@%}?& St B D3goesy giay IWP@O as part of
3 mgerel is stripped into the overhead
Ph@l BRE CWI&ami ¢ dher proglpe regayeryt systemyilluptratedinFIG. 2. Quite
returned to MIO conversion zone 1 via line 10. [0053]
stpripnglsidioparen esehstantiol fretioreal the grdpybome dimde itamiap dbilo MTO
of the results of the calculations presented in Table

rniverstdnadont Hebetifige of it@highisbRBMLY & e lnv@Rdnolib s6Went1Red in DME
scrubbing zone 6 has the unintended consequence of

Sor@be bR WO Tha Rick&led ?ﬂg&fgné 1QlelS9ia rﬂ{é? %?3160 85 L8R 3 wherein it

into an i nternal recy st ream whe

rsion
T hitbRE ) PP g o £ T 2] .dlaerrlﬁ oty retumed
1ﬁé&ige that buil ds up the concentration of these
'C&Pgerﬁlﬁn%%émmlqﬂ&. | the anpunts that exit
the systemvia |line 20 bal ance the anmbunts that are
[8P23ucedhe privignlrlesson tobe omed fronPah Stunsinktiqhdf thd &I of the
recycle circuit that therefore occurs in the flow

aituénenobresdrged B7EablpAtsanit théudbiunhetheRdolvent in DME
consequence of using nethanol as the solvent in the

AT 2’(‘)96 641‘35‘ ﬁle' UhiREARE cbise Pﬁéﬂﬁe Y %%Eggtfr&& Fnopyts of Cy

met hanol ' | - known hrgh a Ity

esylts Tabl e wth th
a%?e'ﬁsge(?l?ﬁfgﬁto Qﬁalg ern recyf:fé s?rgalg\yf Thihey ﬁgﬁre{%ectﬁo%ﬁipy
benefit ass ted with the instant invention is
PREFECBZENG, 2‘3‘?9,161%%]}’1 freates pdighteletn interneheirquiitie thefflow scheme
recycle of light olefins that is necessary to recover
that builds up the concentration of these materials in stream 13 until the amounts that exit

the system via line 20 balance the amounts that are produced in MTO reaction zone 1.
This light olefin recycle circuit that therefore occurs in the flow scheme of the *373
patent is an unintended consequence of using methanol as the solvent in the scrubbing
zone in order to take advantage of methanol’s well-known high affinity for DME.

[0054] By contrasting the results shown in Table 2 with those presented in Table 3, it
is evident that the primary benefit associated with the instant invention is therefore a

substantial reduction in the rate of recycle of light olefins that is necessary to recover
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-36 WO 2004/ 094355 PCT/ US2004/ 012415 100% of the
desired light olefin products which are produced in

wWOMoo35er sSi on zone 1. The degree of i nprovePEnUS2004/012415

associ ated with the enbodi mrent of the present
over the prior art flow

[ ntion, sh i anple 1 _ /

JON s B8 s i ele i st a7l e DR GV saversion zone 1.
Tabl e 4 which presents the recycle ratio required to

rlbg dosiee pHunprevemers agsociatedieith thecbnhtiogimerdloé therpresent invention
products of the MIO reaction step in terns of the

skawe ineExample 1 avecths paivy ait flowesehéme ExdoigFedin Btk 1 B

force 100% of the product fromzone 1 to exit the

PRI ik s DRI S K00 ot o

LJ: : 0%,.0f and .C3_Q ef. .
FOdried ot QA AR S P Freaqsfn fermsdi afs recyete ratio
| nvention Product Fl ow Schene Fl ow Schene | nprovenent )
BT, SOt £agy ot thesepsoausts origrseI LA of thoRrofucidrom zong 1 to exit the
Recycl e + Feed/ Feed ** Basis is anount of product that
peam i linecdZcindlae ¢ase pEEI(F-t1 and vioGins 20 i the caseer\FIGE 2.
that product on a per pass basis. [0055] By reference
to the first line of Table 4, the instant invention
shows an inprovenent in tHEABEEykl e rati o paraneter

of 12.3% for hyl.ene.. e r.esul are n re
dramatic wit q{:%g% h?%ﬁﬁﬂgf%fta CRYRE @ﬁ%o‘?féggof t he
MIO conver si lhin Bxgducissofld{dihReastipp Steps* of
Tabl e 4, the instant_invention_results in a 26.2%

i mprovenent in the 1%”?%§Fcl e ?@W%I{Wpﬁémpr esent

i nvent i onP@ge dr addaw Sghdme andFlaynSehemiang| _ymdoyement

subst anti.al | | ower the recycle ratjo required in

order to ﬁ@%%r t he rﬁ]g"hl y desi red¥i ght ol ef ilﬁ-3%

pr oduct sPropylegedi i ni slhefent  of th: sl.zfﬁcyclke rat2:¢6(2t¢%;]

obvi ousl y, ults-in ubstantial shrinkage o e
RS LR

si ze of one 1 due to the smaller
anount off Bhdiylseigount of product that must be recycled to result in 100%
recovery of that product on a per pass basis.

[0055] By reference to the first line of Table 4, the instant invention shows an
improvement in the recycle ratio parameter of 12.3% for ethylene. The results are even
more dramatic with respect to the propylene product of the MTO conversion reaction. As
is shown in line 2 of Table 4, the instant invention results in a 26.2% improvement in the
recycle ratio. The present invention acts dramatically and convincingly to substantially
lower the recycle ratio required in order to recover the highly desired light olefin
products. This diminishment of this recycle ratio obviously results in a substantial
shrinkage of the size of MTO conversion zone 1 due to the smaller amount of ethylene
and propylene that must be recycled through this zone. In addition, the present invention

acts to keep substantial amounts of reactive light olefins out of the MTO conversion
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and propyl ene that nust be recycled through this zone.
In addition, the present invention 20 acts to keep

wa@aegoasss al anmounts of reactive |ight ol ef i nSPOUUSIIN4/012415

the MIO conversion -37 WO 2004/ 094355

4 ; cin h .
£, ety SRl e SRy L BleR BTN S0 rereiny
eiii m nat i substanti al . amounts of potential coke
FREHIHIER SUUStaniia) YROUNES OEPYRRUIRLEPKSTPISRIEYS-i ve recovery
of a DME-containing recycle streamfromthe 5
ELAIYEnt stream from a MIO conversion zone wherein the
ef fl uent stream contains water, nethanol, DVE,
et hyl ene, propylene and C4 to C6 ol efins, which method
conpr ilseA nidtieod oftsefestivd rec¢eery obo DIMIE-cantdirseprscatle S@eaat from the
| east a portion of the effluent streaminto an aqueous

kffiiehtstehmeRom QVITe dbn0étsidR 838 RheRNChPMElucat stream contains water,
hydr ocarbon |iquid stream 10 contai ni ng net hanol ,

DIVE
BB, AR08 s e

stripping DVE fromat |east a portion of the liquid
ﬁ'&?ﬂsr%gar bon stream separated in step (a) in a DVE
stripping zone operated at stripping conditions

ef f ed) @oling prébeppatatiag ableast hadioragiche sfffueaiitream into an aqueous
cont ai ni ng DVE, nethanol, 15 ethyl ene and propyl ene

and a | ilgmidistreadr codaihiog nimohdnohast DPy¥EPadydtaiarbondiquidstream
to C6 olefins; (c) conmbining at least a portion of the

hydr ocardeatimap fletlfthbE NS ARACHUE ¢l dlefifktMR allBdrd¥attdn vapor
at |l east a portion of the overhead vapor stream

produced,, Lo % [ i X
hydr oc a(rjsltalggm\sf: gg{(‘:%lrmlé%) rbé\g%é%gm(og’)e argegaﬁlﬁg r{)@géne’
resul ting. DVE- [ | i ght hydrocarb apor. stre to a
or 1 miPl i BT Rt oi5h PSRN O el LAk P ream
this vapor streamw th a DVE selective solvent »
cont ai niSEBArALeH fxsfep (Atin 8 ANIBIsirHpinssie opeatedet Seippingeconditions
to produce (1) a liquid solvent bottom stream
cont ai niafigctinat togmodyce Bivieyerhaddevapor stream containing DME, methanol,
ethylene and propylene and a liquid hydrocarbon bottom stream containing
C4 to Cg olefins;
(c) combining at least a portion of the hydrocarbon vapor stream separated in
step (a) with at least a portion of the overhead vapor stream produced in step
(b) to form a DME-rich light hydrocarbon vapor stream;
(d) charging the resulting DME-rich light hydrocarbon vapor stream to a primary
DME absorption zone and therein contacting this vapor stream with a DME

selective solvent containing methanol at scrubbing conditions effective to

produce (1) a liquid solvent bottom stream containing methanol, DME, water
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-38 WD 2004/ 094355 PCT/ US2004/ 012415 and substanti al
and undesired anmounts of ethylene and propyl ene and

W@ 200494353 ght ol efin- rich, DVE-|ean overhead REpU§2004/012415

product stream (e) passing at |east a portion of the

liquid boi{ OMShERAMY LREQUEE Rl BE Sh§Rné Dd ploByRne and (2) a
stri pBI 6

light olefin stripping zone operated a

condi tions effecti strip at |east .a substanti al
portion f61$Shtt A i f@&&%ﬁ’&o ?ﬁ%@ﬂ[‘@ﬁ@ B@H‘P%tisﬁfgﬁmi n

the 1jquid bottom stream w t hout stripping any

si gni €1 ceassing gt lepyrs povtiomel thedigpdrhsttomieatregaversd from step (d)
produce a stripper overhead stream containi ng DVE,

et hyl enetoanlight oty seagpisgdone dpegtaddt batppory cndgsms effective to
contai ning DME, nethanol, water and reduced anounts

of |'i ghtsiapaf leRs ars@babntis® pb@ioh € tHel ciiilenelar@ @bpylene contained in
content of the liquid solvent bottomstreamcharged to

1SSt ol 806 kil ERRHEL S 8BSk & PARLAP oy ofthe

the liquid bottom stream recover
the Mro ' t her eb | ectivel i di
addi 11 orir G BEREPE 1 eittEah fNrERer ety Sobid Yhtlpfthe DVE

as defined in CCaiml wherein at |east a portion of

the st rigp¥ene anl BoRY RemNd? Higadbetens viean conpfaigingDVE,

is passed to the primary DME absorption zone. 3. The
met hod ametienolpwdier andredicndlanwivatssifight olefiastelaive to the light
portion of the stripper overhead streamfromstep (e)

I s passeglefif cént&eGsP iekalihi DNtV $oft i seBard @RS g8l &F Biidktep; and
' is countercurrently contacted with anot her

It
ool i@e g&%i’é{ﬁﬂgs“gie\ég[qap%{'\il%f? ?g‘gg lﬁgﬂlq qggtggidétfeh&%covered from step

sel e 0 produc ver vapor stream

ou d SETE ST B RS R el e AR aocicona

solvent, and wherein the resulting DVE-I ean over head
vapor stP¥ERAteTAsRBISTRACR th the [ight ol efin-rich,

DME- | ean over head product streamrecovered from step

(d) t@. f'biremethed b définedoh €laim bwbekent atdeastapontioo of Sresxdiripper
fromthe MIO process. 4. The method as defined in
ovahsadlstwheretdvekdiein Bp-(8 ek g@isé&ﬁ) e pyieniy DOEH absbrptedn zone.

step (d) contains 80 to 99.99 mass-% net hanol .

3. The method as defined in Claim 1 wherein at least a portion of the stripper
overhead stream from step (e) is passed to a secondary DME absorption zone wherein it
is countercurrently contacted with another DME-selective solvent at scrubbing
conditions selected to produce a DME-lean overhead vapor stream containing ethylene
and propylene and a bottom liquid stream containing DME, methanol and the solvent,
and wherein the resulting DME-lean overhead vapor stream is combined with the light
olefin-rich, DME-lean overhead product stream recovered from step (d) to form the light
olefin product stream recovered from the MTO process.

4. The method as defined in Claim 1 wherein the DME-selective solvent used in

step (d) contains 80 to 99.99 mass-% methanol.
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defined in Caim1l1 wherein the scrubbing conditions

waiiokiozess i n step (d) include a sol vent -t o- vapPCT/Dsxg4/012415

ratio of 1:1 to 3:1. 6. The nethod as defined in daim

3 whe g_ei ’fhebt%tlﬂoa Q? d&fdgg?ﬁ }C(l)zﬁﬁdl @ﬁé@%dtﬂé ¥%ruﬁ%{t'f:rﬁ g(r)]r(x)c}itions utilized

absorption zones are perate

sol vent .and. at scrubbing 5 conditiqgns, including a

BETEND 1B05 e onae v RSt oo 1S 7' "

met hod as defined in CGaim1 wherein the sol vent

char géd The methpd pyfefingdan Gamy3 whersin hoble theenrivagiplangd sesgndary
streamto the MIO conversion zone. 8. The nethod as

DME abobrptivrCiomesa2 batteomirated With stméthsial golvemdintliadsisubbing
used in step (e) are effective to increase the vapor

toatti®f ihdledipg ia¥BIvénOME 2p6F MB& fafo 014 t§Y:1.10 15 to 40
percent on a nmass basis. 9. The nethod as defined in

d ai m 3 whengh g%fﬂﬁﬁ% Fdind @Bergﬁlpcﬁ% s&lb@l{t%ﬁgrghtg Fogsé%p (d)isa

the secondary absorption zone to the vapor

Boaor B Rl Feag BlrI6 i eigioRewner oi n

the stripping conditions used in 15 step (e) are set .
to priodudte methpdias definsel inaimrlewhereivrihe pHipREl cosditiphapsed in
1 mass-% ethylene. -40

step (e) are effective to increase the vapor load on the primary DME scrubbing zone by
15 to 40 percent on a mass basis.

9. The method as defined in Claim 3 wherein the mass ratio of vapor charged to
the secondary DME absorption zone to the vapor charged to the primary DME
absorption zone is 0.15:1 to 0.4:1.

10. The method as defined in Claim 1 wherein the stripping conditions used in

step (e) are set to produce a liquid bottom stream containing less than 1 mass-%

ethylene.
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