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Field of the Invention This invention relates to producing and recovering
ol efi ns fwonsaa7esxygenate 5 feed stream and nore parti culmrysozo4dteat
recovery in the process of producing and recovering olefnms from an
oxygenate feed stream Background of the Invention Prine olefins, defined
as ethylene and propylene and are naterials that are 10 used to nmake

pol yol ef ns. Specifically, ethylene antl propyl ene are used to nake

pol yet hyl ene pol ypropyl ene respectively--two of the nost commonly used

pl astics. These prinme olefns are produced by taking | arger hydrocarbons
(e.g., C6 to C8 hydrocarbons) found in petroleumfeed stream and
subjecting it iy %&ﬁ%é&ﬁflﬁYﬁﬂ&NOEﬁFﬁ#PR@UCﬂ@MﬂRd@Mi ng processes
break apart these T arger hydrocarbons into 15 smaller ol efins including

et hyl ene and propyl ene. However, the cracking process produces nitrogen
and sul fur inpurities that require expensive purification steps. Another
process f f her olefnms is the process known as an oxygenate to
ol efi n processyy;s TRemioRFPaess prddiRindtel picoceass; dafesiran anxyysnate feed

stream and converts it to ethylene and propyl ene. The OT? rocess generally
20 i nd udfsd soeasubfdmorerivuFrbigemeatpao i 1B hehiacese PRI u‘?lﬂ%“tf’:e of a

met hanol feed str r odu gas. Consequently, al cohol,

al cohol d@?PWEP$§§§ﬂh ﬁﬁ1w§§%%%5%§§§§§§?%§ have pronise as an econonic

non- petrol eum source for prime olefin production. Nonethel ess, effluent
fromthe OTO process conprises olefins with hydrocarbon oxygenates and

hi gh | eveBackgroupd of thedWyentigcor di ngl y, the recovery of 25 olefins from an
OTO process i nyol ves 4 @#ﬁlehﬁggﬂﬂkl%ﬁé af b ABEEMd deb Batdalseidt aldo. 4, 499, 327
di scl oses maki ng 51°efi ns 11 om et hanol using any of a variety of SAPO

mol ecud ar ysdday eakapalypbifms. Sherifigaps, oyl enseat propylensi e expdite Mgke £ | yi d bed

reactor Vw;glglgthg e\rllvgg)glyuo%\élvle%fe re\:/s%gc(%lrvselyt-tc]vr\/g O Lt &ﬁlt]ﬁ%mtusg@b'l%ﬁﬁzs.c atalyst to

These prime olefins are produced by taking larger hydrocarbons (e.g., C6 to C8

hydrocarbons) found in petroleum feed stream and subjecting it to steam cracking or
catalytic cracking. Cracking processes break apart these larger hydrocarbons into
15  smaller olefins including ethylene and propylene. However, the cracking process
produces nitrogen and sulfur impurities that require expensive purification steps.
Another process for producing higher olefins is the process known as an
oxygenate to olefin process ("OTO") process. The OTO process takes an oxygenate
feed stream and converts it to ethylene and propylene. The OTO process generally
70  includes no sulfur and nitrogen impurities and permits the use of a methanol feed
stream produced from natural gas. Consequently, alcohol, alcohol derivatives, and
other oxygenates have promise as an economic non-petroleum source for prime olefin
production. Nonetheless, effluent from the OTO process comprises olefins with
hydrocarbon oxygenates and high levels of water vapor. Accordingly, the recovery of
75 olefins from an OTO process involves unique technical challenges.
U.S. Patent No. 4,499,327 discloses making olefins from methanol using any
of a variety of SAPO molecular sieve catalysts. The type of reactor disclosed is a

fluid bed reactor where upward flow of vapors through the catalyst causes catalyst to



WO 03/ 037834 2 PCT/ US02/ 24371 be fluidized and to be carried by the flow
of vapor. Consequently, catalyst often becones entrained in an olefin

ef f| uent woroe@assBeavi ng the reactor. U S. Patent No. 4, 338CAMBode4cl oses a
process for converting nethanol to olefins where the catalyst is separated
fromthe effluent stream by cyclone separators 5 (or "cyclones") in the
reactor. Then, the catalyst is returned, directly or indirectly to the
reactor. However, the flow of the catalyst through the reactor, cyclone
separators, and other equipnment in contact with circul ati ng catal yst,
subjects the catalyst to great nechanical stresses. The stressed catal yst
tends to disintegrate during the process to produce dust-like particles,
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cleaning, or low efficiency filters that allow a substantial portion of
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patent).
suspended) in the effluent stream from the reactor. The smaller the catalyst fines, the

more difficult they are to remove by conventional processes.

15 Removing catalyst particles in the effluent stream is taught in U.S. Patent No.
4,935,568 (the 568 patent). The 568 patent discloses a process for preparing
hydrocarbons from an oxygenate feed stream in which catalyst fines are recovered
from an effluent stream by use of cyclone separators and/or sintered metal filter
systems. Catalyst particles, particularly fines that are entrained with the gaseous

20  effluent stream, make filter systems, including sintered metal filter systems,
impractical. Filter elements may quickly become blocked with catalyst particles and
need to be cleaned or replaced. Expensive and sophisticated filter systems, which
provide for some measure of on-line cleaning, or low efficiency filters that allow a
substantial portion of solids through, are typically required to provide improvements

25  to this problem. . .

One OTO system is illustrated in U.S. Patent No 6,121,504 (the 504 patent).
In the 504 patent, an oxygenate to olefin reactor produces an effluent stream. The

effluent stream passes through heat exchangers for the efficient recovery of heat.



In the 504 patent, an oxygenate to olefin reactor produces an effl uent
stream The effluent stream passes through heat exchangers for the

ef fici entwoasoymssy of heat. WO 03/037834 3 Then the effl ®pemtussr/e8am passes
t hrough a quench tower. The 504 patent provides no guidance on how to
manage the catalyst particles that exit the reactor entrained with the
gaseous effluent stream Catalyst particles and other solids that |eave the
reactor suspended in the 5 effluent sjreamfroman OTO reactor pose a
particular problemin the overall OTO process. These catalyst particles
sometimes fall out of the gaseous effluent stream and deposit on
downst ream equi pnent in a phenonenon known to those skilled in the art as

fouling. Fouljng is the accunulation of solid it f
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flow, increasing pressure drop through the conduit and decreasing process
ef fi ci endlye g@rotreeftluentstieangers, fouling is believed to occur on heat
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per haps necessi Ing t own of the entire OTO system Therefore, a
need exi dread fouling Bddiag is the agruomdamnfdisolippéepasitsan amfacrOiphvcess to

reduce the accunul ati on of catal tijcl inth . i
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for controfling accurul ation of catalyst solids in the recovery train of
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thermal resistance of those surfaces and causes the heat exchanger to become less
efficient. Typically, this loss of efficiency negatively impacts the operability of the
15 OTO reactor and other downstream equipment in the recovery train. To avoid this
loss of efficiency or restore operability, various equipment items typically need to be
shut down and cleaned, perhaps necessitating the shutdown of the entire OTO system.
Therefore, a need exists for an effective process for operating an OTO process
to reduce the accumulation of catalyst particles ih the OTO recovery train, and

20 thereby reduces fouling. The present invention satisfies these and other needs.

Summary of the Invention

The present invention is a process for controlling accumulation of catalyst
solids in the recovery train of the oxygenate to olefin process. The process comprises
25  providing an effluent stream from an oxygenate to olefin reaction. The effluent
stream comprises solid particles and a gas phase. The gas phase contains prime
olefins and has a dew point. The process also comprises removing heat from the

effluent stream while maintaining a temperature of the gas phase above the dew point



stream conprises solid particles and a gas phase. The gas phase contains
prime olefins and has a dew point. The process al so conprises renoving
heat fromvDhe/03m84 | uent stream whil e naintai ning a tenper ®CIrESow43the gas
phase above the dew point WO 03/037834 PCT/US02/ 24371 4 during the step of
removi ng heat. Additionally, the process also includes washing the

effluent streamin a solids wash to renove solid particles fromeffl uent
streaminto a wash nmedium In one enlgodi nent, the process is as stated
above. Additionally, the effluent 5 stream conprises water and

hydr ocar bons and has an aqueous dew point and a non- aqueous dew point, the
aqueous dew poi nt bei ng higher than the non-aqueous dew point. |In another

queous dew po ! . . I
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reaction effkikfisstieAmdn healddsonash Th eenic@aabid pisicien fibhsffluensnesn tad hon with
the 10 one or npre heat exchangers and the solids wash by a conduit. Thus,
the ef fl u®ath meduBhm f| ows from the reactor t hrough the conduit to the heat
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t he process ad y conprises providing a feed streamto the
oxygertat estreanobafipuses eatt ond hyidrecaeend agt hesan igieusadwamist andeltong fl uid in

the heat 15 exchanger.. In another enfodi nent, the cooling fluid is boiled
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anot her enbodi nent, there is a process for prodUC|ngyolef|ns. The process
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phasel@ndos@bahyttheatddiclmgetsent thesolide waviesly f convuith@hed, thewefiterst r eam whi | e
mai ntai ning the tenperature of the effluent stream above tge dew point.

The ef f 1 uslianstlpwafhomsihe Fraffoe Breusdy tae copdulf 1o theieah rohasesand fhane'if he
cat al yst a&k%ﬁauﬁ&p@khﬂgwgJefin cont ai ni ng gas phase.

In another embodiment the process additionally comprises providing a feed stream to
the oxygenate to olefin reactor. The feed stream is used as a cooling fluid in the heat
15  exchanger. Inanother embodiment, the cooling fluid is boiled within the heat
exchanger. In yet another embodiment, the wash medium is water. In still another
embodiment, the solids wash is a quench tower.
In another embodiment, there is a process for producing olefins. The process
comprises providing an oxygenate feed stream. The oxygenate feed stream is reacted
20  in the presence of a catalyst to produce an effluent stream. The effluent stream has a
dew point and comprises an olefin containing gas phase and catalyst solids. Heat is
removed from the effluent stream while maintaining the temperature of the effluent
stream above the dew point. The effluent stream is then contacted with a liquid to
separate the catalyst solids from the olefin containing gas phase.
25 According to one embodiment, the catalyst is a molecular sieve catalyst.
In another embodiment the step of contacting occurs in a quench tower. The step of

removing heat is accomplished using a heat exchanger. The oxygenate feed stream is



25 According to one enbodi nent, the catalyst is a nolecular sieve catalyst.
I n anot her enbodi nent the step of contacting occurs in a quench tower. The
step of weormeMsMsg+ heat i s acconplished using a heat exchamgerusSoTms71
oxygenate feed streamis WD 03/037834 5 PCT/US02/24371 wused as a cooling
fluid in the heat exchanger. |In another enbodi ment, the oxygenate feed is
boiled in the step of renoving heat. In yet another enbodi nent of the
present invention, there is a processsfor producing olefins. The process
conprises providing an oxygenate feed stream, The 5 oxygenate feed stream
is reacted in the presence of a catalyst to produce an effluent stream The
catalyst is separated fromthe effluent streamin a cyclone separator to

produce an effluent str.eam.,having a tenperature and.co Lsin ol efin
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Wat er Condensation vs. Tenperatur e Effluent "Stream of a Methanol to
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are washed from the effluent stream in a solids wash to remove solids

This invention will be better understood with reference to the Detailed
Description of the Invention together with the drawings and examples, which are
intended to illustrate specific embodiments within the overall scope of the invention

15  as claimed and are not provided by way of limitation of the claimed invention.

Brief Description of the Drawings

Figure 1 is a graphic representation of Water Condensation vs. Temperature of
the Effluent Stream of a Methanol to Olefin Reaction at 40 psia.
20

Detailed Description of the Invention

It has been found that solid phase particles entrained in the gaseous effluent
stream from an OTO reactor, such as catalyst or other particles, will not accumulate
in the recovery train located downstream from the OTO reactor, or will accumulate at

25  very low rates that do not necessitate frequent shutdown of equipment, if the gaseous
effluent stream leaving the OTO reactor is kept above its dew point temperature until
it reaches a solids wash, such as a quench device. Thus, none of the components in

the gaseous reactor effluent is condensed to form a liquid in any elements in the



25 very low rates that do not necessitate frequent shutdown of equipnent,
if the gaseous effluent streamleaving the OTO reactor is kept above its
dew poi ntwOoenpemsat ure until it reaches a solids wash, su®kTasoza24aench
devi ce. Thus, none of the conponents in the gaseous reactor effluent is
condensed to forma liquid in any elements in the WO 03/037834 6

PCT/ US02/ 24371 recovery train prior to the gaseous effluent stream
reaching a solids wash. The recoverystrain is herein defined as al

equi pnent and conduits, including any heat exchangers and solids wash
devi ces, through which at |east a portion of the gaseous effluent stream
froman OTO fl ows. The boundary of the OTOreactor is herein 5 defined as
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suspended in the gas phase of an effluent stream with a sufficient quantity of liquid to
remove solid phase particles from the gas phase into the liquid. The washing of the

15  solids from the effluent stream prevents accumulation of catalyst particles and other
solids in the recovery train downstream from the solids wash by transferring the
solids to a dilute liquid phase that flows freely through conduits and equipment.

Without being constrained to a particular theory or mechanism of action,

accumulation of solid phase particles (or solids) is believed to be caused when the

20  solids in the effluent stream contact small quantities of liquid components, including
condensed components from the gaseous efftuent stream, forming mud on the
surfaces of equipment downstream of the OTO reactor. These small quantities of
liquid components tend to pull the solids into the liquid phase due to surface tension
effects, thus forming mud. When small quantities of liquid components, e.g,

25  condensed components from the gaseous effluent stream, are present in such
equipment as a conduit or heat exchanger, at or below the dew point temperature of
the gaseous effluent stream, heat is incrementally removed along the length of their

surfaces. Thus, the present invention permits the reaction effluent to be cooled



| i qui d conponents tend to pull the solids into the |iquid phase due to
surface tension effects, thus formng nud. Wien small quantities of liquid
conmponentwp 08/0§7834 25 condensed conponents fromt he gaseou®CefifShuaesri st ream
are present in such equipnment as a conduit or heat exchanger, at or bel ow
the dew point tenperature of the gaseous effluent stream heat is
increnentally renoved along the length of their surfaces. Thus, the
present invention permts the reaction effluent to be cooled WO 03/037834 7
PCT/ US02/ 24371 without formng nud in the recovery train. OTO process

equi pnent downtinme and inefficient operation of such equi pnment are

avoi ded. The followng is a description of the process of the present
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enbodi mﬂhef?ﬁciéﬂ'ﬂ@pérﬁff&ﬂ&ﬂs@\@he(%dﬂ;ﬁn&ftﬁfeeai@ideﬂ.for recovery of catalyst fines
fromthe OTO process. Cat alr(és s known for converting oxygenate to olefins
pan

are known in tHee f@llowingrise igtiomokihe ravoth ofehe pregenp peeetidted cat al yst for
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nol ecul arfdsq¥@setyicl ude but are not limted to the group conprising
SAPO 5, SAPO- 8, SAPO 11, SAPO 16, SAPO- 17, SAPO 18, SAPO 20, SAPCO 31,
SAPO 34, SAPO BEe Cgialyst 36, SAPO 37, SAPO 40, SAPO 41, SAPO 42, SAPO- 44,

SAPO- 47,  SAPO- z'i‘éc%&@g ttgﬁ}ﬁ‘%mﬂéiirﬁ&ﬂtog!tﬂg iﬂgerftfta e tpﬂﬁ@?sqg for v B rur es

thereof. Preferre S, according to is “enbodi nent, are SAPO 18,
SAPO- 34, &APQtImes ARG QTGO cSAPCathlsts ipamni foutambyingARGeh8tednd SAPO- 34,

including the netal containing forns thereof. and m xtures .thereof. As used
herein, tHelReRHKAPRALR thejagt. S%Pﬁ%rﬁi}’rﬁﬂgn\ﬂ“?’ﬂdmb% F‘B%C%ﬂ&‘gi? ' consi dered
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proportions, reéeﬁ{g ess of their physical state. )
(SAPOQ) molecular sieve. Silicoaluminophosphate molecular sieves include but are
not limited to the group comprising SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-
17, SAPO-18, SAP0O-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37,
SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, the metal
15  containing forms thereof, and mixtures thereof. Preferred catalysts, according to this
embodiment, are SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47,
particularly SAPO-18 and SAPO-34, including the metal containing forms thereof
and mixtures thereof. As used herein, the term mixture is synonymous with
combination and is considered a composition of matter having two or more
20 components in varying proportions, regardless of their physical state.

The silicoaluminophosphate molecular sieves typically produced are very
small and are therefore typically admixed (i.e., blended) with other materials to
produce catalyst particles of the desired size. These other materials that are blended
with the molecular sieve typically include various inert or catalytically inactive

25  materials and various binder materials, including compositions such as kaolin and
other clays, various forms of rare earth metals, metal oxides, other zeolite catalyst
components, zeolite catalyst components, alumina or alumina sol, titania, zirconia,

magnesia, throia, beryllia, quartz, silica or silica sol, aluminum chorhydril, and



The silicoal um nophosphate nol ecul ar sieves typically produced are very
small and are therefore typically adm xed (i.e., blended) w th other

mat er i al swoms/oprsaduce catal yst particles of the desired sipeg/uSihesel ot her
materials that are blended wth the nol ecular sieve typically include
various inert or catalytically inactive 25 materials and vari ous binder
mat eri al s, including conpositions such as kaolin and other clays, various
forms of rare earth netals, netal oxides, other zeolite catalyst
conponents, zeolite catal yst conmponents, alumna or alumna sol, titania,
zirconia, nmagnesia, throia, beryllia, quartz, silica or silica sol

al um num chorhydril, and WO 03/ 037834 PCT/ US02/ 24371 8 m xtures thereof.
The bl end L j i P At h a substantial. .quantity of
a liquid ?&gﬁ‘?g%ﬁ%%%??héwﬁ?@é? ﬁgfﬁk Jé%tﬁﬂéﬁgm%%ﬁ?ei% eacstuéﬁa tal 2 orocess
known to tghemstery $ifialliqed sush bhear, twithshs pesalying ENinRGubjebtes S &)rodésyi Ng, snal |
catalyst _particles are fornmed in an atom zing nozzle, and partially dried
so they nEPAVEitp thpse g‘(@ﬁ%&%ﬁ@ﬁa? W‘PWYS%‘H&& dB P8k Apeng, wreH cprlpided, t he
resul ting s ' S - , al yst
conprisinggﬁﬁggggé%?%%Fgééféﬁ&%ﬁgvggz$h% égﬁgﬁgg?ﬁ%§?¥¢ H%%mg g%ld be of
suf f i cbentulsitaiaily splhdrmal shepwval by conventional cyclones, but not so |arge

that they are t easily.. fluidized. The catalyst co [.tion, according to
one enbodi ment ,&gﬁl @S?r‘aﬁdr HE LG COHPOYFOR B e}{@é% asggéb ércétﬁgishlﬁl y from
about 5 %ch@lyabesthprddfg the@PORSlecRbLligrAlThY c{th195 RbeUts shBihe oabout 80%
by wei ght of nol ecular sieve. A w de range of catalyst particle sizes are

usef ul ~aceBigng size toptoveramayahheongentional cysloass but iotse darzoiat thexor di ng to
an enbodi nen | yst, € ition.provided t an _axygenate to olefin
gFe rEdt GE.QBII %ﬁ&&eg i’he a%?sz gigrpgosﬂﬁ)on gcscso‘g%n%go ?Iheeenﬂ%é%glé%f[‘,

reactor has a par €°SI'zZ€, expr > 15

di mendoon cofptibe fhaut 1%!Ite abaut 9pENGeredfrefetab@siromfabbiitim.ababdut 80%pm t o about
3,000 m re preferably from about 30 p.mto about 200 m npst preferably

from aboufN4§OShPEEDB fomaheuid Crtreabiost € tar weisetef rapleearaieyst A accor di ng
to anot heryigohod B’Pfﬁtalxéﬁaaﬁ?&@h&%ta%sreﬁﬂ AcRAhEtY o enh BRALER BE fact © achi eve

t he desired physical and 'chem ca
present invention. According to an embodiment, the catalyst composition provided to

an oxygenate to olefin reactor has a particle size, typically expressed as the largest
15  dimension of the particle, or range of sizes, of from about 30 um to about 3,000 pm,
more preferably from about 30 um to about 200 pm most preferably from about 40
um to about 150 pum.
The molecular sieve or catalyst, according to another embodiment, is
subjected to a variety of treatments to achieve the desired physical and chemical
20  characteristics. Such treatments include, but are not necessarily limited to
hydrothermal treatment, calcination, acid treétment, base treafment, milling, ball
milling, grinding, spray drying, and combinations thereof. While such treatment can
increase the hardness of a catalyst, it does not eliminate the production of catalyst
fines in the effluent stream.

25 The OTO Reaction

The invention according to one embodiment is management of solid phase
particles in the recovery train of an OTO reaction according to the principles set forth

herein. Accordingly, the OTO reaction is explained as follows. In the OTO reaction,



20 characteristics. Such treatnents include, but are not necessarily
limted to hydrothermal treatnent, calcination, acid treatnent, base

t r eat mentwormsloisag, ball mlling, grinding, spray drying, pemdiSovedsirnati ons
thereof. While such treatnment can increase the hardness of a catalyst, it
does not elimnate the production of catalyst fines in the effluent
stream 25 The OTO Reaction The invention according to one enbodi nent is
managenent of solid phase particles bn the recovery train of an OTO
reaction according to the principles set forth herein. Accordingly, the
OTO reaction is explained as follows. In the OTO reacti on, WO 03/037834
PCT/ US02/ 24371 9 the feed stream contai ning an oxygenate, and optionally a

diluent o hydr ocar bon . g r A |t genate, is
cont act ed[}}ﬁn'af?‘?%iy%? g %I‘%/l;slg gg?’r%”:tseﬁ%g’ %E}%Hr{%lgaé]gg@iﬁl Iﬁﬁrﬁg‘f@l@%@é or types
i ncl ude ceadusanepapamaly dresigbdivith Shicdkygsnatd, xecbnrttdSvitiethetcartadyst, i thed bed

reactors, and riser reactors. These and other types of conventi onal
reactors &€ ©gaderi bed in Fl uidi zati on Engineering, D. Kunii and O

Levenspi el R@l!ﬁ?a[btle %ctﬁé@??fncﬂd@ kbR RhchabRoacthé sutf 4J fixfGRr ding to one

enbodi nment, preferr ors are riser reactors. Conventional riser
react of destigns flaidbddueddies, andesericheatsi ThésRiage ptHepeoof conféngiodilzat i on and

Fl uid-Par ticle Systens,. es 48-59, 10 F. enz D. F.. O hmer,

Rei nhol d_ FUSOTSF Hgreenrbist P R L eHEeTies O KSR RSt LOYRIERL | <

i ncor por akedeNEr BB Pub BB E06 ENY TTHE 700\ g6raR 0 foaedmbbdiaami, of this

i nvention conprises at |east one organic conpound that contains at |east

one oxygenpreftrodreanierh awsissl Fqphiars. Coavensienplsriserianetos designgrasofitytherconpounds
(al dehydeg, KL LAGRIs NRASYS K, BEIAY apTHDANREAT FILAL Daflhsldte 15 11 ke).

I n enbodi ere the oxygenate 1's ‘an”al coho ofiol optionally

i ncl udes am a@ehphad DCFnOibeiey, Renhdi@ Pislzhing Cap 1Y 89diptheateamimtionof e
preferably from 1 to 4 _carban a{ons. Representati ve al cohol s include but
are not nadibsapepiporated hergin Bygelesfgs strai ght and branched chain aliphatic

al cohol s and thgi BX%&%%@ &am of this invention comprises at least one organic

compound that contains at least one oxygen atom, such as aliphatic alcohols, ethers,
carbonyl compoundé (aldehydes, ketones, carboxylic acids, carbonates, esters and the

15  like). In embodiments where the oxygenate is an alcohol, the alcohol optionally
includes an aliphatic moiety having from 1 to 10 carbon atoms, more preferably from
1 to 4 carbon atoms. Representative alcohols include but are not necessarily limited
to lower straight and branched chain aliphatic alcohols and their unsaturated
counterparts. Examples of suitable oxygenate compounds include, but are not limited

20 to: alcohols such as methanol, ethanol, n-propanol, isopropanol, and C4- Cy alcohols;
ethers such as methyl ethyl ether, dimethyl ether, diethyl ether, di-isopropyl ether;
and other oxygenates such as formaldehyde, dimethyl carbonate, dimethyl ketone,
and acetic acid. According to another embodiment, the composition comprises
mixtures of all the foregoing oxygenates in various proportions. According to

25  another embodiment, preferred oxygenate compounds are methanol, dimethyl ether,
or a mixture thereof.

According to one aspect of the invention, one or more inert diluents are

present in the feed stream. According to another aspect, the amount of diluent is from



counterparts. Exanples of suitable oxygenate conpounds include, but are not
limted 20 to: al cohols such as nethanol, ethanol, n-propanol,

i sopr oparwD,03asm$34L4- C20 al cohols; ethers such as net hyl perhysh2/at3her ,

di ret hyl ether, diethyl ether, di-isopropyl ether; and other oxygenates
such as fornmal dehyde, dinethyl carbonate, dinethyl ketone, and acetic
acid. According to another enbodi nent, the conposition conprises mxtures
of all the foregoing oxygenates in vapious proportions. According to 25
anot her enbodi nent, preferred oxygenate conpounds are nethanol, dinethyl
ether, or a mxture thereof. According to one aspect of the invention, one
or nore inert diluents are present in the feed stream According to

th t, th t of diluent is f 037834 10
PCTI U021 2n 3P Ehalus rrgt eteor b LU RERAIE0R DHAT ET AR HUFEE: of mol es of
al | 1 eed anghofiluiRAlto 1RAERAATBE Sardigh) L8s bimen BaciUiLb@Rs GRLal ySt). As

defi ned herei uents are ~conpositions that are essentially
non- r eactcoumositivasthatzareredsentidllyronievesive acrabsysmolegwiar sipre easdlyityandunct i on to

make the oxygenates in the feed streamless ypi cal

di | uents W%@rﬁﬂg‘,‘ncﬂﬁﬁ thIPEk%%F OREZLAER 1 t:h;e/%elefir%n&?ag]gﬂ%s%%e ?E%]eaar gon,

nitro ,en’Typ?&trl RERROROKHE Sut SeMBPRedisaxiydanitetatb erliviesagoh mirdgennon- r eact i ve
paraffins especi ally the al kanes such as net hane, ethapne, and propane),

al kyl enesartamonetoxide, erabgrodiaisle, wetar aFsRRiAlYNOpHEIEYP Pa Soreferred

di l uents,, accor.ding & e | ok I ic Accordi ng
to one pr %P(fgg‘ﬁ?" 61}69‘131%%%58&53 hcflg Pﬁeg%d[nfg}aé% an\/?é%@rﬁé?ﬁs&?)ﬁj%g%%égﬂg&iag&gzi&'%cher l'i qui d
or vapor do@ipdundy; afd eisagres chepsod. @irb prifereedtdiluetis acemdingrio bge supplied with a
feed stream conprising oxygenate conpounds. The oxygenate ifsed streamis

y

cont act ecenppqdmant, 46 PeksiRaF D80g6R A5EATPE {0 ofte BIOGEE FRESHE 1Y *Rhace

vel oGiyty %Elﬁ Qe AR UM ed1iflid &r Y4por FREE. According to another enbodi ment,
t he 31& gh‘%’ olu\!?uiljgétgpace Selllégléi t§/ ipsor15 preferably in the range of from

about 1 hr 1 tAcabding tol@@Centhodimentntbe ecagiosfssuaplisd With ¢ feed sitg#Be of from
about 20 crg)rmp]ﬁsgr?g (%(lgfglejr}atelgo%pownds]i’ Tﬁenchy'érgr?éte REELELAP|eohPctlSyifinge of
molecular sieve catalyst at a weight hourly space velocity (WHSV) of about 1 hrt or
more. According to another embodiment, the weight hourly space velocity is
15  preferably in the range of from about 1 hr'! to about 1000 hr', more preferably in the
range of from about 20 hr! to about 1000 hr', and most preferably in the range of
from about 20 hr'! to about 500 hr?. WHSV is defined herein as the weight of
oxygenates in the feed stream per hour per weight of the molecular sieve content of
the catalyst. Optionally, WHSV is defined as the weight of oxygenate plus
20  hydrocarbons in the feed stream per hour per weight of the molecular sieve content of
the catalyst when so specified. Because the catalyst or the feed stream optionally
contains other materials that act as inerts or diluents, the WHSV is calculated on the
weight basis of the oxygenate feed (alternatively oxygenate and hydrocarbons) that
are present, and the molecular sieve contained in the catalyst.
25 According to one embodiment, the oxygenate feed is contacted with the
cétalyst when the oxygenate is in a vapor phase. In another embodiment, the process
is carried out in a liquid or a mixed vapor/liquid phase. When the process is carried

out in a liquid phase or a mixed vapor/liquid phase, different conversion and



fromabout 20 hrl to about 500 hr 1. WHSV is defined herein as the weight
of oxygenates in the feed stream per hour per weight of the nolecul ar

si eve conwerB/oafs34t he catal yst. Optionally, WHSV is defi n@edrasor/ps7nei ght
of oxygenate plus 20 hydrocarbons in the feed stream per hour per weight of
the nol ecul ar sieve content of the catalyst when so specified. Because the
catalyst or the feed streamoptionally contains other materials that act
as inerts or diluents, the WHSV is calicul ated on the weight basis of the
oxygenate feed (alternatively oxygenate and hydrocarbons) that are
present, and the nol ecular sieve contained in the catalyst. 25 According to
one enbodi nent, the oxygenate feed is contacted wth the catalyst when the

oxygenate is in a r phas i t Ss is
carried OGFI%FWIEY ?ﬁfg‘gﬁt&'}%?&é’%rrﬁség%&@%%%fﬁ; ld?%%?%;gprﬁﬁg{%teh_e éﬁsﬁ[?ﬁe process is
carried @glctibf canditiénsi d phase or a m xed vapor/liquid phase, different

conversion and WO 03/ 037834 Pg,l/ US02/ 24371 11 selectjvity of .
feed-fto-produ_ctA_CrCéghﬂl&@ et HBFAL %QJ%Pr_ﬁﬁesﬁW”ﬂ‘?iilé)“éélﬁlégﬁﬂld%nq _
reaction gg !og't%ﬁeratﬁfeg.ogqug alttgrn?&aﬁl?pféﬂgérﬁ'ﬁom Ligit SBOPI0pess is carried
out using'a e Ttange o nperatures. A’typical tenperature range is

f r om about70280.CAkcordinglid onderdBBitn ekic therteipgratie afitles wadsodiangestfrom he

tenperature of_ the reactor ranges fraom abou t ¢ 0C, preferably
from aboutagg%b@otgt%gqﬂb‘f gé%égf’ge%{gblyg?o&&ﬂ” 3%&98§8%@236ac\§ﬁ]§e range,
i ncl udi ng ALLEYR/AAESORE BHALE RS ge AGERHIHE Eﬂo%&oﬁ@ﬁres@ﬂé&@dmﬁﬁfﬁimg waongenat e

partial pressures is about 1 psia (6.9 kPa) or greater, preferably about 5
psi a (34 lerdpdonerdraagerate matalpresceres is abophl psie(f RkP4) osfeatri ve at 10

hi gher oxy a arilal. r di nal.y: : tial

pr assur o greoang RS Bir EA0RH b B o LT BRI EaR 2
enbodil0enthighen oRfgnkR partRipediuidn tAccofiingly g exaieaatp aattiahprepruessfur e i s
preferably about 25 psia (170 kPa) or reater, mpre preferably about 30
psia (200 aﬂ?F’ét)zcbﬁ’S_l?g(rlégﬂ"g?‘).Ongé‘i’at‘H_rl%Elfef 184§ %j’t"lb"dbtﬂ?rﬁo_i%é?‘)t ffe oxygenat e
partial PregsulfedtSimeB nétggaﬂai ebsHHOR rétebRIabbeSS dsia ane icbg) &mbodi nent .

Preferably, the patrtia ressure of the oxygenate is about 400 psia
greater, more preferably about 30 psia (200 kPa) or greater. For practical design

purposes, the oxygenate partial pressure is about 500 psia (3400 kPa) or less in one
15  embodiment. Preferably, the partial pressure of the oxygenate is about 400 psia
(2800 kPa) or less in this embodiment and most preferably about 300 psia (2000 kPa)
or less.
During operation of at least one embodiment of the invention, hydrocarbons
accumulate on the catalyst, which renders the catalyst substantially ineffective. This
20  buildup of hydrocarbons on the catalyst is called "catalyst coking." According to one
process of this invention, coked catalyst is regenerated by contacting it with a
regeneration medium to remove all or part of the coke deposits on the catalyst. In
some cases, this regeneration occurs periodically within the reactor by ceasing the
flow of feed stream to the reactor, introducing a regeneration medium, ceasing flow
25  of the regeneration medium, and then reintroducing the feed stream to the fully or
partially regenerated catalyst. Regeneration occurs either periodically or
continuously. Typically, regeneration occurs outside the OTO reactor by removing a

portion of the deactivated catalyst to a separate regenerator, regenerating the coked



(2800 kPa) or less in this enbodi mrent and nost preferably about 300 psia
(2000 kPa) or less. During operation of at |east one enbodi nent of the

i nvent i onwolg@smaar bons accunul ate on the catal yst, whicrCrdarsdzes7t he
catal yst substantially ineffective. This 20 buil dup of hydrocarbons on the
catalyst is called "catal yst coking." According to one process of this

i nvention, coked catalyst is regenerated by contacting it with a
regeneration nediumto renove all or jpart of the coke deposits on the
catalyst. In sone cases, this regeneration occurs periodically within the
reactor by ceasing the flow of feed streamto the reactor, introducing a
regeneration nmedium ceasing flow 25 of the regeneration nedium and then

reintroducing the feed streamtp the | r . rti t ed

Cat al yot CREgRIRTSRERe GRS UeRur e Beabthadic RHRNEL

Typi cal | Yhe FEORACKA LRRREGUESs MUlBeCRdtcbadiGHR Aagtrate thyndisnima ng a
portion of the deactivated catalyst to a, separate regenerator, regenerating

the cokedleiDedBRNOBTRRKe 0R thRETIIESBEHLYEL FHRILEE 4469 | n t he regenerator, and
subsequently reintroduci ng t ; tor.
a%e ip ¥ a%% c&%ﬁéﬁgﬁﬁfrﬁg%ﬂe Fe%%@éré‘cﬁatn dr QeacliBe proBas!

Regener ati on ottt i‘més™ard con ons dppropriate to naintain a
desired |pyslcabilyst akeiden atdoaligiol one entbodinystt. Martibulacly, e freshortyst To make up
5 fresh

for any catalyst | oss during the regeneration_.or reactio r S,

cat al yst s sdddivedharasReny WSRO A e BErEiuraR AR SFHE oo
catal yst i $eRifeAldinht hEARR BRBbEmentIRLE citkiypriosaRdso dlogagio th the
regeneratea catalyst to~ the reactor. According to another enbodi nent,

fresh catiadysdndest ddiecgteraterecataggt or - i ndependent of the regenerated
catal yst. Catalys Fknes Recovery 10 The present invention produces an
ef f | uent streaﬁfﬁ%@i-ﬁﬁ%ﬁﬁﬂﬁ@gbrine olefins and other byproducts. The
ef f1 ugnt streanyb gaNES ikNAtsLARGHSIesiah effll@RcaaHs thiEbatatygiinienlefabsent  any
| i qui d phase. According to one enbodi nent, the anmpunt of Erine gl.efins is

about 40w athemypeodicts: Hde efffuepiesiteagy lpaapthedeadion 1A G Saeeus stalgdhadt i o

particl €S absent any liquid phase. According to one embodiment, the amount of prime olefins
is about 40wt% or more of the effluent stream excluding water and solid particles
(e.g., catalyst particles). According to another embodiment, the amount of prime
15  olefins in the effluent stream is about 45wit% or more. In yet another embodiment,
the amount of prime olefins in the effluent stream is about 50wt% or more, and in still
another embodiment, about 60wt% or more excluding water and solid particles (e.g.,
catalyst particles).
According to one embodiment, the amount of ethylene in the effluent stream
20  is about 20wi% or more excluding water and solid particles (e.g., catalyst particles).
According to another embodiment, the amount of ethylene in the effluent stream is
from about 20wt% to about 70wt% excluding water and solid particles (e.g., catalyst
particles).
According to one embodiment, the amount of propylene in the effluent stream
75 is about 20wi% or more excluding water and solid particles (e.g., catalyst particles).
According to another embodiment, the amount of propylene in the effluent stream is
from about 20wt% to about 50wt% excluding water and solid particles (e.g., catalyst

particles).



(e.g., catalyst particles). According to another enbodi nent, the anmount of
prime 15 olefins in the effluent streamis about 45w % or nore. In yet

anot her ewbodiosmsat, the armount of prine olefins in the efPClrasnt28rreami s
about 50wt % or nore, and in still another enbodi ment, about 60wt % or nore
excluding water and solid particles (e.g., catalyst particles). According
to one enbodi nent, the anmount of ethylene in the effluent stream 20 is
about 20wt % or nore excluding water and solid particles (e.g., catalyst
particles). According to another enbodi nent, the anount of ethylene in the
effluent streamis fromabout 20wm % to about 70wt % excl udi ng water and
solid particles (e.g., catalyst particles). According to one enbodi nent,

th t of Tene in the. effl | 20wt %
excl udi ng wat choarngd Pt pai i i dbg Rl EThrodol BB, M YA0 Ta ng

to anot heéheﬁﬁ&@éjj)r%ﬁﬂ&ed ft 438 IR OTO hrakssprthgathangimhaolefies, efatdruesbliét r eam i s
from about 20w % to about 50w % excl ydi ng wat er _and soki %dgarti cles (e.g.,
\;

catal yst papasies (ol msoptal WOPBIEclse7B S efBueoEaIsEAPoUBPI ALY ng to one
[ t, 1k f. - / e
oot Tenbiciidf BFRUAY Ra HRIRINER SLARINANIAS AChRmhER muliduced f1om

I 'me ofe wat er; or solrd particles (e.qg.,
cat al ysst @abddi@kss Jhe amduneoftypradants istheedindns stadaouis fREWBILIWI R 63

excluding water and solid partjcles (e.g.,. ¢ t .particles). According

t o anot he#bost %?ﬁﬁb/&ilﬁﬁﬁ'ia,noﬁﬁéelﬁ ]ﬁ‘?ntoﬁogw?%g%‘%%% Ei’li’ofl?edvél/ﬁ"l uent streamis

from abo“%ﬁ%}%{éveter Wiidanicls (6.8, Mﬁal[ygcgﬁhmés).enbodi ment, from about 5wt %
W 9% C i

to about excludi ng 'wat er ‘and so particles (e,g., catalyst
particles). ThEheéfflueetrstresmofan ohbashiaeeipoaminrariarce gHenitnel Walear ge quantity

o2t PSR B LRI o AR RGoL ot g ot
wat erio | npgRahberrceriedi satiins AboutZswed ssmbreonaterb du tnetBatebbbdinadmut 80wt %
vater. ani(;cl ci)trllta?;les}tfro?r? ggorl]l% ElO\%trg}g ?odeibggtn fEth% water, and in yet another embodiment,
it contains from about 50wt% to about 65wt% water.
The effluent of the OTO reactor stream of one embodiment contains some
oxygenated hydrocarbons, including any non-reacted oxygenated feed. Furthermore,
15  oxygenated hydrocarbons that are byproducts of the OTO reaction remains in the
effluent stream. According to one embodiment, the amount of oxygenated
hydrocarbons in the effluent stream range from about 0.2wt% to about 30wt of the
effluent stream excluding water and solid particles (e.g., catalyst particles).
The oxygenate hydrocarbons of this invention comprises at least one organic
20  compound that contains at least one oxygen atom, such as aliphatic alcohols, ethers,
carbonyl compounds (aldehydes, ketones, carboxylic acids, carbonates, esters and the
like). In embodiments where the oxygenate hydrocarbon is an alcohol, the alcohol
optionally includes an aliphatic moiety having from 1 to 10 carbon atoms, more
preferably from 1 to 4 carbon atoms. Representative alcohols include but are not
25  necessarily limited to lower straight and branched chain aliphatic alcohols and their
unsaturated counterparts. Examples of suitable oxygenated hydrocarbons include, but
are not limited to: alcohols such as methanol, ethanol, n-propanol, isopropanol, and

C4 - Cqp alcohols; ethers such as methyl ethyl ether, dimethyl ether, diethyl ether, di-



it contains from about 50wt % to about 65w % water. The effluent of the OTO
reactor stream of one enbodi nent contains sone oxygenated hydrocarbons,

i ncl udi ngwearvg/osmsa+ r eact ed oxygenat ed feed. Furthernore, PET@SYy23aL ed

hydr ocarbons that are byproducts of the OTO reaction renmains in the
effluent stream According to one enbodi nent, the anount of oxygenated

hydr ocarbons in the effluent streamrange from about 0.2wm % to about 30w %
of the effluent stream excluding watier and solid particles (e.g., catalyst
particles). The oxygenate hydrocarbons of this invention conprises at |east
one organic 20 conmpound that contains at | east one oxygen atom such as

al i phatic al cohols, ethers, carbonyl conpounds (al dehydes, ketones,
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di met hyl  c@EbGHRS Ementd] B LiNEbukRh@Besffladi caeins ab@giod.owAkoalds pdid 0 anot her
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the reactB ['n ‘one e ctor ffluent contains
about 1. 151\Mr9{atﬁ/re enetdimdnt Stk gﬁbepwﬁea@dneﬁ’ﬂﬁentgontamaahtbly@tooﬂm%locI es) I n
ot her enbodi nents, the (gaseou reactor ont ai ns ,about . 0. Oont % or

less sol i orgplidirartedes (5,2 860t BRrbgeik %dd’F 0&55 aIteTpgtivg Hhoping s | or about
0. 025wt % a{e daS&is ?&c{cg offRfhE &(ﬁlltﬁﬁs fr&h aBRRWL00PHWabe1R10. 1588% sofid sol i d

particles , catalyst particles). In an
pa.rtwles or from about 0.003wt% to about 0.10wt%, or from about 0.005wt% to
about 0.05wt% solid particles, or from about 0.005wt% to about 0.025wt% of solid
15  particles (e.g., catalyst particles).

In another embodiment, the solid particles in the reactor effluent comprise
about 50wt% or more catalyst fines. In yet another embodiment, the solid particles in
the reactor effluent comprises 75wit% or more catalyst fines. In still another
embodiment, the solid particles in the reactor effluent comprises 90wt% or more

20  catalyst fines.

According to one embodiment, the overall content and particle size
distribution of solid particles suspended in the gaseous reactor effluent is effected by
design and operation of cyclones and other catalyst recovery devices in the oxygenate
conversion reactor of the present invention. Such design and operation techniques are

25  well known to those skilled in the art. Other solid particles, in some cases, include
but are not limited to metals or refractory components (e.g., fired bricks of silica or
clay). These components comprise the materials from which the reactor is

constructed. They are created by erosion of the reactor. Particularly but without



10 alternative enbodi nent, the gaseous reactor effluent contains about
0.00Iwt % or nore solid particles (e.g., catalyst particles), and in other
al ternat iwe oafbrsdd mnents, the gaseous reactor effluent comcaiuse2/£436m about
0.00lw%to about 0.15Wm % solid particles, or fromabout 0.003wt % to about
0.1 Om9% or fromabout 0.005Wwm %to about 0.05wt % solid particles, or from
about 0.005wt % to about 0.025wt % of solid 15 particles (e.g., catalyst
particles). In another enmbodinent, theg solid particles in the reactor

ef fl uent conprise about 50wt % or nore catal yst fines. In yet another

enbodi nent, the solid particles in the reactor effluent conprises 75wt % or
nore catalyst fines. In still another enbodinent, the solid particles in

the r eac':Tglalejfl {‘r%‘h #he n%tr?]sgglgrg&luﬁe h%gt\% %%?,gng”%{a@ygga&@kglcgﬁtﬁctfth@es Accordi ng

to one e overa particle size distribution of
sol i d partiGp@entsuspended in the gaseous reactor effluent is effected by

desi gn and operation of cyclgnes and ot her | yst ver es in the
oxygenat e conlieensiebadiBeRt of therpressat iy erdight qﬁ@éﬁ?f’%ﬁfffs %eegﬁ |§n and

operati on F& £Pte‘il Y8 SaRE %@@rmleeicté‘r%wmottﬁe biesRe oK ko1l vaaht fiRe art. Ot her

solid par in some cases, includée but are not limted to rretals or
refrackor yelm)mboﬁmat ﬁomeh@efﬂuﬁmtrsgdalb il R@uSGﬂtS senpasatues to deprgese. Heakes

conmponents conprise t .al s fr t uct ed.
They are EFRAPLHP ‘@?ﬁ%ﬁnﬁﬁn 10][1 Hleco %St’ aﬁgﬁ’ Hg?gécr?ﬂaogroﬁﬁerlg@mﬁ&@éﬁgut WO
03/ 037834120 PGTéddo0s/tZA871 | im tation, the erosi on occurs when the flow ng

catal yst particles contact the equipnent. In one e nt of the present
i nvention, heaflh grobiemp 0bertaly B ApYlE iepemerdi unigps tgggﬁ@emic?ssl eaves the

OTO react or ﬁ% ﬁ?r 1napé§ﬁ1f®?{)(?t%ﬂ% ol @insdbeSlst AP neasRkivel P furge ifSRYBE Of heat

fromthe &FF se Its tenperature to decrease. Heat
renovad Oe@idrSapdrtih ceteffliiont t@tdno corminedwith i:ltesu,se lo€ aflualizdianatpdyss, or ot her
equi prrent V{f'cgcer }Eas Eei h%ll-lce)r Egrfd%}/lseart ontternellperature than most hydrocarbons made in an
OTO reaction (including non-aromatic hydrocarbons containing up to 7 carbon
atoms). Particularly, the majority of those made using small pore SAPO catalysts,
which when combined with the partial pressures of water in an effluent stream,
15  typically makes water the first compound to condense from the effluent stream as
temperature is gradually reduced. Further, water has a higher heat of vaporization
than most hydrocarbons.
In the OTO process, water 1S 11kely to be the first gas phase component in the
effluent stream to condense. It typically condenses at the highest temperature relative
20  to the other components. Water initially condenses from the reactor effluent when its
dew point temperature is reached. In one example, the initial liquid droplets form on
the surface of a heat exchanger contains most of the solids that were formerly
entrained in the reactor effluent. If the quantity of liquid at a given point is low, and
hence the concentration of solids in that liquid high, mud forms on the surfaces.
25  Additionally, initial condensation is sometimes nucleated in the vapor phase by the

solid particles. Liquid droplets forming in the vapor phase of the effluent stream will

subsequently fall on or otherwise attach themselves to the surfaces of equipment.



The problem of catalyst fouling is sonewhat unique to the OTO process
versus ot her methods of producing ol efins because of the relatively |arge
anount ofwoOlG/03mBer vapor in the effluent stream conbi nedPairtusor/bs7use of a
fluidized catal yst. Water has a higher condensation tenperature than nost
hydr ocarbons nade in an OTO reaction (including non-aromatic hydrocarbons
containing up to 7 carbon atons). Particularly, the magjority of those made
usi ng small pore SAPO catal ysts, whiieh when conbined with the parti al
pressures of water in an effluent stream 15 typically nmakes water the
first conpound to condense fromthe effluent streamas tenperature is
gradual |y reduced. Further, water has a hi gher heat of vaporization than

most hydrocarbons. In.the OIQ pr e Lhkelidh Eshcbgrdiiog first gas
phase coﬁﬁ&hgﬁFmP%PFﬁﬁﬁwépgwﬁgﬁgpéﬁﬁgg&% &%86H33%56_1¥% typi cal |y condenses
at the highesi; tenperature relative 20 to the other conponents. Wter

initially condenses fromthe reactor efflue%t when i%@ %QWIQQHH%
tenperat ure i Shedawrsian of thegpied §:PagsIEed, 3950rding 1P PBF SPPRUME Y opt et s form on

the surf %V%Laﬁﬁ g%%%mng%?%%?éq&‘%ﬁe SORERA sHeafBShaidtaiddaabsod itglgew paint wer e

formerly reactor effluent. If the quantity of liquid at a
gi vens poigghpéiSiuk@ptioranentetigne eoltdsevasbnEerthe aviposes of s ppRICaiio, theat 1 qui d

hi gh, mud forns on the surfaces. 25 Additionally, initi ation is
sonet i mesleniiyiBideBgerg lﬁé‘e?}%?ﬁgﬁs tﬁﬁ o ﬁgwmsé% lci’lgdetélgérﬂof@qggf 9 qui d
dropl ets t%? E&?gﬁre'n& ihhe 2438 reResteiffent fifaff flrbttginss The dawwolrt
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subsequen on or otherw se attach thenselves tqQ the surfaces of
equipnen&amﬁfhﬁﬁéQ@ﬂﬁ@@eI@p@@ﬁﬂbﬁ&ﬂhﬂ@gﬂﬁﬂeNﬁ@ﬁf%WWﬁFﬁBangﬁﬁmﬁély when

liquid droplets absorb .or, contain_ahi oncentration of solids. The
fornatioﬁnﬁﬁa$ﬂé€%%ﬁWP@n%@EW@ﬁﬁgﬁyngg%%$%§ng to one embodi nent of the

i nve(r}bi on, if theidepnsrahpeanedistde @bffosieon dsfendern Becarmemasirned above
its dew point 5 tenperature prior to entering a soli.ds sh, (For the

pur poses  ofdradaitmnappicalisaions o pheseae FHH STEHPAPHINPE W48t i ned as the
temperat Lﬁy%rgéarlyg}ll v%rﬂ SORARRS ﬁﬁx}e%oocfev?ﬁunt@-f-an aqueous dew point and a non-

aqueous dew point. The aqueous dew point is the temperature at which aqueous
phase first condenses. The non-aqueous dew point temperature is the temperature at

15  which non-aqueous (hydrocarbon) phase first condenses. Dew point temperatures are
a function of the partial pressure of the water and the hydrocarbons in the gas phase
of the effluent stream.

The aqueous dew point temperature increases when water concentration

increases, and similarly, the non-aqueous dew point temperature increases as the

20  hydrocarbon partial pressure increases. The determination of the dew point
temperature or temperatures of a particular composition is determined readily, by
calculation or measurement or both, through employing techniques well known to
those skilled in the art. Herein, the terms "dew point" and "dew point temperature”
are synonymous. When a particular composition has both an aqueous and a non-

25  aqueous dew point, it is understood that the term "dew point" or "dew point
temperature" unless specified otherwise refers to the highest of the aqueous and non-

aqueous dew point temperatures.



t he conponents in the gaseous reactor effluent streamfirst begins. The dew
point tenperature is pressure dependent. As the pressure of the reactor
ef f| uent wWOroe@ssd4s | ncreased the dew point tenperature wPCh/usavesase. 10
The dew point tenperature is also conposition dependent. Because water and
hydrocarbon typically formtw phases, an effluent stream containing water
and hydrocarbon will sonetines have two dew points--an agueous dew poi nt
and a non- aqueous dew point. The aql®ous dew point is the tenperature at
whi ch aqueous phase first condenses. The non-aqueous dew point tenperature
is the tenperature at 15 whi ch non-aqueous (hydrocarbon) phase first
condenses. Dew point tenperatures are a function of the partial pressure

of e et er A Lige Y HlcsarRense ek NadpEphassei s Wiszefblnent stream

The aqueous d dre 1 ncrease en water concentration

i ncr easegregdftnsémiohaguaptitidshd hydroeatoeohayingsvngoiahboitiesPRAbETA#Er i ncr eases
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aqueous dew point tenperatures. W) 03/037834 17 PCT/ USOn?eiEZf,i?» 1 Dependi ng on

the cat alcpstgon&m_edgmmiﬂaﬁm@p?ébailmﬁ@OH%ﬁEﬁafqrH‘ﬁg YO 32851 the present
i nvention, u?g%n L}tg %iﬁenﬁ&he?r%%&%ce@ﬁ@e%?efaﬁl\ﬁh%%xf’cﬁe I a@gﬂablgpbdrﬁa_gs)pm nt greater

t han wat é°t aseous ‘react effluent "according to one
embodigmenfontdifh abdoLRes oekiadt corpbnerthwith eaotoal betlniguemt gfesiesthidi ng wat er
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accumulation of solids and the formation of mud, in ways similar to the way
described above for water. In one embodiment, the prevention of accumulation of
solids is similarly prevented by the method of the present invention.

15 Accordingly, the gaseous effluent stream from the OTO reactor isata
temperature above its dew point. According to an embodiment, the temperature of
the gaseous effluent stream is greater than or equal to about 200°C. According to one
embodiment of the invention, the gaseous effluent stream has a temperature ranging
from about 200°C to about 700°C. In another embodiment, the temperature of the

20 gaseous effluent stream ranges from about 300°C to about 600°C. In yet another
embodiment, the temperature of the gaseous effluent stream ranges from about 350°C
to about 550°C. | ‘

Conduits are used to convey the effluent stream to a solids wash. Conduits
sometimes provide significant heat removal from the effluent stream due to exposure

75 to the ambient environment (typically termed "heat loss"), causing the temperature of
the effluent stream to decrease. Such conduits further include other elements,
including but not limited to measurement devices, such as orifice plates to measure

flow, or flow control devices, such as automated valves, or other elements and



greater than water excluding water and catal yst particles. In another
enbodi nent, the reactor effluent (excluding water and catal yst particles)
cont ai ns wboaw3BMm % of conponents or nore with a normal IPaiTitisey2430i nt
greater than water, and in still another enbodinment, the reactor effluent
(excluding water and catal yst particles) 10 contai ns about 2wt % or | ess of
conponents with a normal boiling point greater than water. The
condensation of small quantities of tgydrocarbon is believed to cause the
accurul ation of solids and the formation of mud, in ways simlar to the way
descri bed above for water. In one enbodinent, the prevention of

accunul ation of solids is simlarly prevented by the nethod of the present
i nvention. 15 Accordi ngl he, ga firom t he OTO react or
is at a e%%ﬁﬁ%‘?"‘é?%*“'easé%%yv%e f?"t"%d 13&5%%@ ﬁ%fot]%g%%?%&té{? fglﬁl@enbodi nent, the
tenper at %%Fpe uretddered@siaQUusn @fif ik udnictioh oéappropriaje desigroftdeadiibr equal to

about 20 ccording to one enbodinent of t invention, . seous
ef f | uent gatmegnithissdaienpapas ofher hugsang 1S WFEE{‘%‘%&&%OS ﬂgegeiré%geut 700C.

I n anot her enbodi nent, the tenperature of the 20 gaseous effluent stream
ranges f dm about 300C to about 600C. In yet another enbodi nent, the
t enpes at ur e ofiehhexhaseaiige efdll doemstretn fam the OJésrepetonnaBsut 350C to about

550C. Conduits are used to. convey the effluentyst sol i ds wash.
Condui t s emberiseanieihsy iByemionds gRIe LS ﬂmﬁ}e et,f%uenﬁ while

mova romthe effl uent

stream due fQ. 5 kG0 b RE1ARAsBNAn dEVS feOoNeR iite Hebtyquiensl | y t er med
"heat |O§%n\se,ym§§t§§?#‘gﬁ{1h% taerr%erature of the effl uent Oﬁ%{{ Eaucﬁ&. ecr ease.

Such congtidused iir thhexothernlic 68 Qorehesione Thaefftuent styeagy 1¢ 69 St inited to
measur ement devi ces, such. as orifi =% gor flow
control dRMPLFRYIE, géiéﬁn%‘érr’é‘ﬁ i 8‘&0%5%@{ i %mtsgt&ﬁ%%url% s fefbhe

ves, or other elenents and WO

03/ 033834148, RCH 1iSQ2h 243 % FahH dFfRat: sirsais albweryo drop belomdits ¢evan OTO
recovery train. Control of the tenperature decrease in aTHconduit is a
funct i on pofntapfirio pre ertexgbaiegh I ig Hkely e O@e&%?%;“gatﬂ&n? 'ul ati on, anong

other t hien odirely o %hevyg{féntiléﬂ,q}?@a&&ﬁt%@ﬁ@aﬁ&h&l’e@@rdn’ﬂtﬁehﬂa’c exchanger is
controlled such that the temperature of the effluent in the heat exchanger, the conduit
or any other component of the OTO recovery train prior to the solids wash does not
15  fall below the dew point temperature.

Control of the temperature decrease in a heat exchanger is a function of
appropriate design of heat exchanger geometry and metallurgy, and fluid input and
output thermal properties such as heat capacity, among other things, and is well
known to those skilled in the art. According to one embodiment, the gaseous effluent

20  stream is cooled by exchange with the feed stream of the OTO reactor or another
fluid in a heat exchanger in the effluent stream. In a typical heat exchanger, heat is
transferred from a hot fluid to a cold fluid through a solid surface or “wall” that
separates the two fluids (typically referred to as "indirect heat transfer"). If the wall
temperature on the hot or gaseous effluent side of the heat exchanger falls below the

25  dew point temperature of the effluent stream, condensation occurs and mud
accumulates in the heat exchanger. The wall temperature will be equal to or warmer

than the temperature of the cooling fluid. Accordingly, by controlling the



art. 5 Heat exchangers are used downstreamfromthe OTO reactor in one
enbodi nent of this invention to renove heat fromthe effluent streamwhile
conveyi ngwohg/0gfsBd uent streamto a solids wash, and thus Pexraser/243ne heat
energy produced in the exothermc OTO reaction. The effluent streamis
cooled, reducing its tenperature, by transferring heat to another fluid,
whose tenperature is increased. 10 However, if the tenperature of the
effluent streamis allowed to drop bdPow its dew point within the heat
exchanger, nud is likely to form According to another enbodi nent of the

i nvention, the anount of heat renoved fromthe heat exchanger is
controlled such that the tenperature of the effluent in the heat exchanger,

the condy tR&t; pERhll HmpdauHAdraae e dfitied gaspri or to the
solids mggﬁpa%téeus@%%h% C%h?%@lﬁm’bel ow tﬁ%Is dew poi nt 1li.%efrrper ature. Control of

t he t enpesfatentatrems ceabecontrodleheat exchanger is a function of appropriate

design of heat , exchanger, SSOEL AR, TFLAL) 4 BtiopaRd chhshlodputs and

out put thermnal apacity, er things, and is

wel | knoymy biooJehRSRvwsidihd ifd Hest dkbitingét coniniiar ditreg equipme penbiedi ment ,  t he
gaseous effluent 20 streamis cool ed by excr%é\ge with the feed stream of
the OPO remeing a siidavashen another emberizienie e ebtheans sigram B kepiibaet f | uent

stream In a t%ﬂgﬁfg%ogﬁ%gls@éﬁtw%e%&&i{sﬁﬁgﬁq@&ﬁggeﬁ@x‘zﬁaggm hot fluid

to a col dMP§l surface or separ ates the two
fluids (tymaslehieringhecliddwish. &saddtindiembodinteagtthe effinefteiregm isiifept e wal |

tenperature on the hot or . gasgous effluent sjde of .th eat, exchanger falls
bel ow t hea W%Wfﬁﬁfﬁboqtéﬁge(? éfg)lﬂfén%? abqyes isrep Rt 121??1832&?‘3@8%%%561“ on
occurs angﬂ&ﬂg enfRfifY ML RhEwadhNaddf vBEMotiRK 6RBOGRTent, Tiee:fit@dnk stkmPRI at ur e

wi |l be equal to or~warmnmer than'tﬁ'e tenperature of the cooling fluid.

Accor th ngkapt aby tenqretatodeldf aboutH8 TNG. 15 08 1884 Ay e P TrwSORY 2uBRaatt enper at ur e
of the cooling fluid, the. wall Pée%s%r ature and tenperature of the gas

ef f| uent SYFRRGH OHAT IRLHETHETP

Optionally, the present invention functions with the effluent stream from an
OTO reactor being conveyed by a conduit to one or more heat exchangers. In one
embodiment, the temperature decrease through this conduit from the OTO reactor to a
15  heat exchanger does not exceed 50°F (10°C) while still being maintained above the
dew point of the effluent stream. In another embodiment, the temperature decrease
through this conduit from the OTO reactor to a heat exchanger does not exceed 20°F
(7°C) while still being maintained above the dew point of the effluent stream.
| Optionally, the effluent stream exits a heat exchanger and is conveyed to a
20  solids wash via a conduit. In one aspect of the present invention, the temperature
decrease in such a conduit from the exit of a heat exchanger to a solids wash is no
greater than about 50 F (28°C) while still being maintained above the dew point of
the effluent stream prior to entering the solids wash. In another aspect of the present
invention, the temperature decrease in such a conduit from the exit of a heat
25  exchanger to another heat exchanger or a solids wash is no greater than about 20°F
(11°C) while still being maintained above the dew point of the effluent stream.
In one embodiment, the temperature of the cooling fluid is maintained such

that it does not fall below the dew point temperature of the effluent stream. Thus, the



According to one enbodi ment of the-present invention, the effluent stream
is kept above its dew point in a heat exchanger, conduit or other

equi pnentwpri3os7sBo 5 entering a solids wash. In anot her emoadiSoent37it he
effluent streamis kept at a tenperature of about 1F (0.5C) or nore above
its dew point in a heat exchanger prior to entering a solids wash. In
anot her enbodi nent, the effluent streamis kept at a tenperature of about
5F (3C) or nore above its dew point 20 a heat exchanger prior to entering
a solids wash, and in yet another enbodinent, the effluent streamis 10
kept at a tenperature of about 10F (5.5C) or nore above its dew point in a
heat exchanger prior to entering a solids wash. Optionally, the present

invention functions with the ef T eedbeE being
conveyed ‘B%}fj?‘TlPSW&ﬁﬁetontﬂbe %ﬁgergrsmr%}?@{ehezcg%ﬁ%@c&gﬁ%&e?g? mgr%géfrile “enbodi nent,

t he t enpefalik @ole taRsautd vt ougdiflndit stremndOptiofatlynthe keol@pdluiésict or to a 15
heat exchanger does not exceed 50'F (100 ‘mum) zl'ﬁfizﬁll bei ﬁ% I 'th ai ned
above t heseledted usdpmeondition suckythat jbis MadpBgH At SPOLAYE WEIPCEREB & Hent |

the' tenmperature decr ol fisShrRdinpefabi @8 the cOBld faddior to a
heat excﬁ%%f)%)?c%lg eg' ﬁig%l%&egggg&%%mfg%) V\/n%n}pe still being grmati nt ai ned
above 4 heyndguatRRiiningefis bher bt thenlewstois sempedyuieoriahe ¢iflupstred® ffluent stream

exits a heat exchanger and is conveyed.to a 20 solids wash via a conduit.
I n one asfiedeatKchangelr esent invention, the tenperature decrease in such a

condui t from t@ﬁ g}&{eftho%fof%r&@&tin@éfﬁbﬁt,rm@éfﬂhmtausmiiﬁsomagem, whileo greater
t han about 50 ? 8C) whil'e still being maintained above the dew point of
the eff| uenterstinghent pmaoel el waANEining 2 fampesBIieAROVREhIeY ROGhot her aspect  of
the present inventjon, the te r C i duit fromthe
exit of ateﬁ’é’ﬁ’fat"z@u&@ﬁg%&é?s tﬁ%é@lﬁét agﬂr['e]f;}g% {hgggﬁ'laéﬁlgg?éégﬁelgerggﬁ ds wash is
no gr gat efoidh sk RoAHemdRrdure @A) itsdeinl @isitterhperbiaire ginrme ns@chefdh@bove t he
dew point of the effluent stream _In &Pe enbodi nent thF tenperature of the
cool i ng f bebent inyentipmiths iwawperadun of the gilyept AL A PIILFEN The dew poi nt

}:)grr}) Ersgtzf rﬁb?&lgi"ﬁ Ebe 5 ‘%()folr UL ative SR dew]| }tﬁfﬁt teﬁﬁ@raﬁﬁ% O8O 3Rt #Ram. In

another aspect of the present invention, the temperature of the effluent stream
entering a solids wash is about 5°F (3°C) or more above the dew point temperature of

15  the effluent stream, and in yet another aspect of the present invention, the temperature
of the effluent entering a solids wash is about 10°F (5.5°C) or more above the dew
point temperature of the effluent stream. In further embodiments, the temperature of
the effluent entering a solids wash ranges from about 1°F (0.5°C) to about 400°F
(220°C) above its dew point temperature, préferably from about 5°F (3°C) to about

20  200°F (110°C) above its dew point temperature, more preferably from about 10°F
(5.5°C) to about 100°F (55°C) above its dew point temperature.

In a solids wash, a sufficient quantity of a liquid phase is quickly established
that is in contact with the effluent stream such that solid particles, particularly catalyst
particles, in the effluent stream are removed from the gas phase of the effluent stream

25 into the liquid phase in the wash device. The "washing" likewise removes the
catalyst particles from the solids wash to prevent accumulation of catalyst particles
and fouling of the solids wash. This is accomplished when the concentration of solids

in a liquid phase (a dilute liquid stream) at any point in the solids wash is dilute



wal | tenperature on the effluent side of the exchanger wll also be
mai nt ai ned above the dew point tenperature of the effluent stream

Opt i onal Iwp oBieg7sspol ing fluid is selected under conditi osTdisom43hat it is
mai ntained at its boiling tenperature in the heat exchanger. In another
alternative, this boiling tenperature of the cooling fluid in 5 the heat
exchanger is at or above the dew point tenperature of the effluent stream
in the heat exchanger. In the nethodlof present invention, the effluent
streamis conveyed, while undergoing heat renoval and maintaining a
tenperature above its dew point tenperature until it reaches the solids
wash. Thus, the effluent streamenters the 10 solids wash at a tenperature

above its_dew pol - of AIBNE 0B8R ES thabfoulibe dudtoaseditiodsnvent i on,
t he terrpe?%f"%%%&%‘ﬁ%ﬁ?%é&oﬁ’gtream gn ering a so%i ds wash is about 1F
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stream ent eri ng Oélesec‘ﬂ%oggn?ﬁﬁé’ thePregBi PV EHo ’é&% S@S%&gslgﬁgérggﬁe dew poi nt

t enper at Uf 6, fc okDHalEoRhE bARRAt slehR Ao adilidtd Iquydstranoinhenlidspedt of the

present invention, the tenperature of the effl uent enteringmggﬁ?#ids wash
e

i s about d6kce(hobld)becuffimens sagioihat mudderswot FosmAR theeGagamany P
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entering §”§HFYH§HM%§ﬁ“ﬁgﬁﬁg§ '@%ﬁ@%@éﬁ?h?gﬁf%_5c;6?% abouf@ﬁOOFe (2200)
above i t's,dewRPkaldsirempesdltmahe gsgheveatiitye éflomtatean iBE2@8Te to about 20
200F (110C) above its dew point tenpe turgﬁ.nnre rq%frabhy from about 10F
(5.50) toliadutrearoora pezE)washggeics OuHeRf I AT CRMFEI AT 8" In a sol i ds
wash, a suffici ﬁ‘t!hth}] f i HehGin RO SO ScslidhElfhiv devhalhainséted t hat
isin conP%?Fﬁ@ﬁﬁﬁaﬂ%e e %#ﬁgﬁg% “?gan1guph théicsoffdfparticles

parti ol arleysolidd ®hytsdeviqeantoiveliels prijn otefies o the gasspusstaieaningedusedniived from

t he gas phase of .the efflyent stream.25 into i qul in the wash
devi co. TR omaefiprgh Sraok STMLA o Bhbueine it dpl et Ll PRt 10

sol i ds waghtifo RESHRWash GEVIRY bt fréfentih aGiiLe Rl fievati leheisg trendlidsoul i ng of
the solids wash. This is acconplished when the concentratjon olids in

f
a |iquid phasdevice. dinlothes embgqdineenés; plsay S 8RFOP erpbly @ @4@3}”?"%5 wash is
difute V\DOP r%/oge? ¥n8o?s’t4 preferably 99wt% or more, of the solids entrained in the effluent

15  stream entering a solids wash device are present in a dilute liquid stream leaving the
solids wash device.

A solids wash device of one embodiment establishes a sufficient quantity of a
liquid phase in contact with the effluent stream through the introduction of a wash
medium. In one embodiment, a wash medium is introduced to a solids wash device at

20  arate and condition such that a portion of wash medium is vaporized while still
forming a sufficient quantity of a liquid phase in contact with effluent stream, and no
material in the effluent stream is condensed. In other embodiments, a liquid is
introduced into the solids wash device at its bubble point temperature, preferably at
temperature of about 1°F (0.5°C) below its bubble point temperature or more, more

25  preferably at a temperature of about 59F (3°C) below its bubble point temperature or
more, most preferably at about 10°F (5.5°C) below its bubble point temperature or
more. The bubble point temperature of a liquid is defined as the temperature at which

vaporization of any of the components in a liquid first begins, essentially, the



21 PCT/ US02/ 24371 enough to prevent nud formation, or dilute enough so that
fouling due to nud does not necessitate the shutdown of the solids wash.

I n one ernvodBMBTIsB4 of the present invention, the anmount of PEalISI¥243enoved
fromthe gas phase of the effluent streaminto a dilute liquid streamin a
solids wash 5 device should be sufficient such that nud does not formin
the equi pnment of the OTO recovery train downstreamfromthe solids wash
device. In another enbodi nent, the &¥unt of solids renoved fromthe gas
phase of the effluent streaminto a dilute liquid streamin a solids wash
device should be sufficient so that it does not necessitate frequent

shut down of equi pnent in the OTO recovery train downstream of 10 the solids
wash device int i f [ i i UsmBbadteibutesi ntroduced. In
one errbod?%ﬁrts,e82%19%Q5p8’5\%®?8$é%%ﬁ%dfugsteﬁ262%??3? entrained in the effluent
stream epfeidididtsadepondetisienash device are present in a dilute liquid stream
| eaving the solids  was evice. |In other I , Y/ % or nore,
preferabl y abolangEit WEB‘SIWF@F ‘Y?BE{HGB%% @?@gﬁfﬁgﬁ%og%srheéw% t he

sol i ds eniyal Neded i 4 8 BifdndendondBioss sivBMR Ao favasbiiecdaimash devi ce
are present 1n a dilute liquid streamleaving the _solids wash device. A

sol i ds5 waskpotieed weilestilbframergroeifieient eantapiof 8 Heeidphath Picera@f ™ uantity of a
liquid phaéﬁﬁi n.contact with the effluent streamthrough the introduction
of a wash®IWEHiSH™ n one enbodi nent, a wash nediumis introduced to a

sol i ds wash deWice@daie t30néembbdinent scmbil wishmesiicimcludatvaerpor tion of wash
mediumis vaporized while still form r}g.a syufficient uan%oinﬁ% of aliquid
phase in bpdoearbons (HerterHarlydHdrQerioqhfOiHBNR 6 OF #hPET AT O ef f | uent
streamis con Esthee ek WWAkHigla ipsrtichlatly effeted i nto the
solids mgﬁyﬁggﬁgggggrt()kiﬂ%)gﬁ%%%l e pg%lt%g{t%frper ature, Igr ef er a%l y at

t enpenat upgsiofmedtnaut 1F (0.5C) below its bubbl e point tenperature or nore,

nore 25 preferably at a tenperaturg.of abgt : i bubbl e poi nt
tenperature or In s} @}Ot%§9bﬁﬁ'é?eé1$8§ﬁh§ pﬁetsengg%vtf?l Eﬁ%é%})gﬁg%gmb%eﬁgcvev its bubble
poi nt tem%@me&a glfﬁcﬁﬁf@lanﬁﬁa)ftauﬁpi@pm@é mtconawpeith therefflodnt stréangui d i s

defined as the tenperature at which ] )
through the introduction of a wash medium which condenses at least a portion of the

material in the effluent stream. Such an operation is typically called "quenching," and
15  takes place in a "quench device," and the wash medium is called a "quench medium."
In a quench device, at least a portion of the gaseous effluent stream is rapidly
condensed through contact with a quench medium in the liquid state (a form of what
is typically called "direct contact heat transfer"). The rapid condensing or
“quenching” of some or all of the components in the effluent stream does not cause
70  the formation of mud on surfaces, as a substantial quantity of liquid components are
present from both those condensed from the effluent stream and the quench medium ‘
itself such that entrained solids, particularly catalyst particles, are separated into a
dilute liquid stream in the quench device. The quench device then serves two
purposes in a single unit operation, that of washing to separate entrained solids in a
25  dilute liquid stream, and condensing components of the effluent stream, for example

water, which in certain applications is beneficial to further processing in the recovery

train.



vaporization of any of the conponents in a liquid first begins,
essentially, the WD 03/037834 22 PCT/ US02/ 24371 converse of the dew poi nt
t enper at We odiossessed above, With simlar attributes regaCaiusg2/e4331
dependenci es. |In another embodi ment the wash nmedi umintroduced in the
solids wash device is introduced at a rate and under conditions such that
a portion of wash mediumis 5 vaporized while still formng a sufficient
quantity of a liquid phase in cont act23with effluent stream According to
one enbodi nent, suitable wash media include water, hydrocarbons,
(particularly hydrocarbons containing 5 or greater carbon atons),

oxygenat ed hydrocarbons, and conbi nations thereof. Water is a particularly

effective 10 emidﬂf{@ntl dbost 1dvtopRahde bf alskatlicieniesf istdoadesas ent

invention, a solids wash device establishes a sufficient quantity of a

I ;qui d pﬂalﬁﬁag quen%n@cln anpthier embodfueniAbAtt 2¥teaeh MeN§05 GBI RRS oduct i on
of a wash nedi u i ch condenses at : t o rial inth
ef f | uent §Qnrd_€]é dafipg qﬁ?{lcg’blg_r V%tnanpésll%]ta%?o?gﬁ%t al(t:)g?tl éeacd/0 E)gﬁlgrnc |C§13 ," and 15e
takes pl agg iihier cHBEAGREnE e 85% d@mebrt betheeiluenesdieam is sondehbeld a " quench

medium"” In a quench device, at |least a portion of e .gasequs effl uent
stream i sdva glepchingndenesing iragathsr %@ﬂdgé?ntv&ttq?ﬁshl(ﬁ%é)ﬁg}? ngﬁ Wmin the

liquid stagte (a formo i i : I el t heat
transt er » e e ST st hsed SRR e 08 Bt B The
conponent s094¢brickie 6f fhleweindr is threasifiueho stseannis co d qoingrmepdvimgtiton of nud

on surfaces, as a substanti al ntity of,li i d
f rom bot hY@W@@%%‘Hﬁ%‘P&’@H‘: WbPBh_ﬂif‘lé’r 8‘P¥ b ﬁ%dn]tnls Ir 8%%%095ﬂ%§6€%§%%p$3?3%
i tself su@?%t&%orggf fh%'v!}‘cﬁ&iﬁ%é Fued 8dantidlcahdensebdiingsquepettibg cl es, are

separated into a dilute liquid streamin the quench device. The quench
devi c0t havheneueashingin a penplodedcs, at laass b pettionehike msipes alefiBhin & hat of

. SR L LA G R Al g s an
stream and entrained solids that are then present in a dilute liquid stream.
In one aspect of the present invention, the pressure within a solids wash
device, including a quench device, is less than 50 psi (345 kPa) below the pressure at
15  which the effluent stream leaves the OTO reactor and no less than atmospheric
pressure. In another aspect, the pressure within the solids wash device, including the
quench device, is less than 50 psi (345 kPa) below the pressure at which the effluent
stream leaves the OTO reactor and above atmospheric pressure, in yet another aspect
it is less than 25 psi (172 kPa) below the pressure at which the effluent stream leaves
20  the OTO reactor and above atmospheric pressure, and in still another aspect it is less
than 10 psi (69 kPa) below the pressure at which the effluent stream leaves the OTO
reactor and above atmospheric pressure.
According to one embodiment of the present invention, a quench tower is
employed as a quench device. In a quench tower, the effluent stream is intimately
25  contacted (i.e., directly exposed in a common volume, and not separated by walls as
described above for a heat exchanger) with a quench medium in the liquid state. The
quench medium is introduced to the quench tower at a temperature that is both below

the quench medium bubble point temperature and the gaseous effluent stream dew



water, which in certain applications is beneficial to further processing in
the recovery train. WO 03/037834 23 PCT/US02/ 24371 I n one enbodi nent,

about | OwO%308788mre of the effluent streamis condensed Pdarisaz243aenchi ng.
I n anot her enbodi nent about 25w % or nore of effluent streamis condensed
during quenching. In yet another enbodi nent about 50% or nore, and in

still another enbodi nent about 55% or nore of the effluent streamis
condensed 5 during quenching. AccordiZdg to another enbodinent, at |east 10%
of the water in the effluent streamis condensed during quenching. In

anot her enbodi nrent about 50% or nore of the water in the effluent stream

i s condensed during quenching. In yet another enbodi nent about 75% or

nore, and i . owRBNgdisIRAitah et queREModer. Miiequehci he water in
the effl f@ﬁqtglﬁkée%%%kgﬁﬁde%d Sduri ng queqnchi ng. 10 When quenching in a

quench dexediem iginttodasdd ia spificidndrolometioeatse theeetident stran 1 MOV aseous state
are separated fromthe condensed co f ggnt  stream
and ent r aieRY RYPYV ¢S Wé’[o”g?%n]‘t’eﬁ%tﬁre%%%t Es&stahgllﬁl] @ﬁ&f’b‘ﬁh;@éﬁﬂu

preésent in a iquid stream In
one aspecsttregﬁlgagﬁwo%ag@@s,i nvention, the pressure within a solids wash
[ di hg

device, inclu a quench device, is less than 50.psi. (345 kPa) bel ow the
pressur e at 131QmieutbOtih@eDéfth?t?é?ﬁeraé‘t‘fﬁégmelqéﬁwsm?%gmﬁée Pgé}é?or and no

l'ess than at mpspheric pre xR Y6k poilieep@sisty & thé t hi n t he
sol i ds M%W“gg\‘}i%g%‘}n ?%V@Pﬁ%?%éﬁ%eﬁ%&e%@‘nﬂ%ﬁ@éevi B e AN 50 psi (345
kPa) bel oyfriube: spe@s Stihe lawesthbiesturt hethefifineb newers pndeatseseaspbyiagtié  OTO

reactor and above atnospheric pressure, in yet .anot . 1S less
than 25 peortion pPibepeferpeessif 1pﬁ€e B?gﬁﬁga%fy?/%dgﬂs%t ﬁgggﬁ ?ﬁgg%?dng%’r eam

| eaves 20_t he,. AR B JRESDISRNBE fGeroh &SBetTae a lavatlon or sti | |
anot her ag‘:ﬁ;gc%l%g({ngqﬁq%géd t g’n 10 psi (69 kPg) bel ow th L‘%aﬁ.ure at which

the efd | upRhtistsrabave Wharedlse ¢fHeerFeam édotrefucahduabipeli 3 fic pressure.
Aecor 10,5, one RO IER oy oy ARy R
Intimatel ye prime olefins in a gaseous state, rise through the tower. The quench tower
typically includes internal elements to facilitate the intimate contacting of the quench
medium with the reactor effluent or portions thereof, including liquid distributors and
15 contacting devices such as baffles or trays. Intimate contacting with a liquid quench
medium facilitates drawing catalyst fines out of the reactor effluent, into a free-
flowing, dilute liquid phase and away from at least a portion of the prime olefins in a
gaseous state. The quench tower usually also include other elements, such as heat
exchangers used to cool the quench medium that is recirculated into the quench
20  tower.
In a particular embodiment, the quench medium is water. In another
embodiment, the quench medium is a portion of the water that has been recovered
from the quench tower and cooled (thus reintroduced to the quench tower), and which
contains at least a portion of the solids separated from the gaseous effluent stream. In
75  one embodiment, the quench medium is a portion Qf the water that has been
recovered from the bottom of the quench tower.
In one embodiment, the temperature of the quench medium introduced to a

quench device is at or below its bubble point at the lowest pressure in the quench



25 contacted (i.e., directly exposed in a common vol une, and not separated
by walls as descri bed above for a heat exchanger) with a quench nediumin
the |i quiwosBasm34 The quench nediumis introduced to thepPguarsot243oner at a
tenperature that is both bel ow the quench nedi um bubbl e point tenperature
and the gaseous effluent stream dew WD 03/037834 24 PCT/ US02/ 24371 poi nt
tenperature at the | owest pressure within the quench tower. The quench
mediumis introduced in sufficient volume to cause the effluent streamto
nove rapidly belowits dew point tenperature such that a substanti al
portion of the effluent streamrapidly condenses. 5 In one enbodi nent, the
tenperature of the quench nediumis bel ow the quench nedi um dew poi nt

t enper at Ugg,iaNdn LRSI FRMRRUM3E SO tht tdngFRfIabATe qendbhaediaff | uent stream
at the | owest pressure in the quench tower, and causes a substanti al

portion ofnttduecektperqupnaséaviceiin 1THE0. 27¢) asaere belpwdinbubbledridas®e The quench
medi um ccording to pne nethod of us LS. | i quench
tower at £WYOEREFTRE Gt i@u?%éggylgﬁslng rgiféaﬁvﬁ%}é#gegﬁgggﬁﬁeg%ﬁf tog]'?lre eamis

intr Oducegue&%QHeéiﬁ]ﬁqntfédu%dﬂo d @lehchiidviddls STIN@ Cyvemoryistite itsbultdet ed wit h
the effluent streamas it, or portions of it including the E)r'rge ol efins

i
in a gasequmtgireferply I0SE (615PQLymotedetornisy bubPleepiuicmere prefebdly 298 cal |y
includes internal elenments to facilitate the inti facting of the
quench  méef GroRimere hehe ite debRyp P8¥“F’I61Y8?1Pl°66rprﬁ%ﬁt’:lygﬁioep tig?e@fo,r nfl“’%%l udi ng
liquid distrib [ 1 ' ' ag Es5el&F ik rays.
Intimate i)giﬂ)twa@% lig)ur%le%b ?’?’ut gn‘ﬁ%gﬁ?ﬁ{ %E%rpgﬁf\éfaﬁgzli%)mp a%i%:l) igtﬁg{ogs dr a\}\,i ng
catal yst f,p6 pouk, afl nidieprearaiion 56K (33e0) or ot delw iteleubbid pintnet, di | ute

| iquid phase and away fromat |east a portion of the prime olefins in a
gaseous stlat oweTtpsesguient the ®eeh d5ied | y al so i ncl ude other el ements, such

as he exchangers used t : [ i igcul at ed
into ?he guenc E[%fénetﬂ?)?/d\:arn.d al%ﬁgrgﬁ%é)ﬁfpfe c%#%&@ﬁ%ﬁ%?%@%ﬁie&a%ﬁﬁc}{frredi umis
vat er. | n rgneidae folRrhiogipaific exahplauehich aramt intrerided & hoitthoscopé of he wat er

t hat has been recovered
the invention is utilized.

Example 1

15 A feed stream containing 99wt% methanol and 1wt% water is fed into an
OTO reactor containing a SAPO-34 catalyst. The reactor is operated at a temperature
~of 923°F (495°C), a pressure of 40 psia (280 kPa), and a 95% methanol conversion.
Components in the effluent stream exiting the OTO reactor, and their flow rates, are

shown in Table 1.

20 Table 1
Gaseous Effluent Stream
Vapor, wt%o
Hydrocarbon &
Oxygenates, 42.5
25 Water, 57.5
Total Vapor, 100.0
Fines, (PPM) 100

30 Fines Particle Size Distribution (PSD)




fromthe quench tower and cool ed (thus reintroduced to the quench tower),
and which contains at |east a portion of the solids separated fromthe
gaseous ewDloamss3stream I n 25 one enbodi nent, the guenchPagdiSone43s a
portion of the water that has been recovered fromthe bottom of the quench
tower. I n one enbodinent, the tenperature of the quench medi umi ntroduced
to a quench device is at or belowits bubble point at the | owest pressure
in the quench WD 03/037834 25 PCT/ USO% 24371 device. In an alternative
enbodi ment, the tenperature of the quench medium introduced to a quench
device is 1F (0.5C) or nore below its bubble point at the |owest pressure
in the quench device. In further alternatives, the tenperature of the
quench medi um Camibgiveatst o aPatielsdizedevi ce is 5F (3C) or nore belowits
bubbl e 5 poi nt eRrieier abl y 10fidbn$C) or nore below its bubble point, nore
preferably 50Fy {280 or noreghelow its bubble point, even nore preferably
100F (55C) or ppre below itspbubble point, and yet even nore preferably
130F (5720) or gﬁare bel ow its hubble point, and nmost preferably 150F (83C)
or nore be|OMlﬁ' bubbl e poin(g5 at the |lowest pressure in the quench
device. 10 The3%§thod and appfpatus of the present invention is further

4

under st ood by -“Yeading the folfTow ng specific exanples, which are not
intended to iimfP the scope of” the invention is utilized. Exanple 1 15 A
feed stream cof?-8i ni ng 99wt % A8t hanol and I|wt%water is fed into an OTO
reactldr contai #0.Ag a SAPO 34 tafalyst. The reactor is operated at a
tenperature 095.923F (495C), W.pressure of 40 psia (280 kPa), and a 95%
met hanol convef%Don. Conponelits in the effluent streamexiting the OTO
reactor, and their flowrates, are shown in Table 1. 20 Table 1 (Gaseous

Ef fl uent St reafhe effluent stream is in the vapor phase, with catalyst fines entrained in the
15  vapor comprising 0.01wt% of the entire effluent stream. The particle density of the
catalyst fines is 751b/ft; (1.2 g/cc).
Figure 1 shows the percent of condensed water in the effluent stream versus
temperature at 40 psia (280 kPa).
In heat exchangers and other equipment downstream from the reactor prior to
20  a quench device, the pressure is maintained at about 40 psia (280 kPa), but the
temperature of the effluent stream falls below its dew point temperature of about
250°F (120°C), as shown in Figure 1. Small quantities of water in the effluent stream
will condense incrementally along the surfaces of the downstream equipment below
the dew point temperature, wetting the surfaces of process equipment. The catalyst
25 fines in the effluent stream adhere to the wet surfaces forming appreciable quantities
of mud. The formation of mud in heat exchangers and other equipment decreases
their effectiveness and reliability.
Example 2
The gaseous effluent stream described in Table 1 is conveyed to a quench
30  device at about 40 psia (280 kPa). Figure 1 shows that with an OTO effluent stream
given in Table 1, the condensation of water is prevented by keeping the temperature
of the effluent stream above about 250°F (120°C) while it is being conveyed to a

quench device. Therefore, the temperature of the effluent stream is dropped down to



25 Vapor, w % Hydrocarbon & 42.5 Oxygenates, Water,57.5 Total Vapor, 100.0
Fines, (PPM 100 30 Fines Particle Size D stribution (PSD) W 03/037834 26
Cunul at i vwowBA8Basticle Size Less thanM crons 0.010.1 1. 00CZ/S09MU341 10. 00.5
30.00.9 50.01.4 70.02.9 90.016.8 95.020.5 99.027.1 PCT/ US02/ 24371 The
effluent streamis in the vapor phase, with catalyst fines entrained in the
15 vapor conprising 0.Ow% of the entire effluent stream The particle
density of the <catalyst fines is 7589/ ft 3 (1.2 g/cc). Figure 1 shows the
percent of condensed water in the effluent stream versus

a temperature of 250°F (120°C) without mud forming in equipment prior to entering
the quench device. The effluent stream then enters the quench device operating at a
pressure of about 40 psia and is quenched to rapidly cool the effluent stream to 200°F
(93°C) causing more than about 80% of the water in the effluent stream to condense.
5  The catalyst fines leave the remaining gas phase of the effluent stream and enter the
dilute liquid phase of the condensed water. Since there is a large amount of
condensed water relative to the amount of catalyst fines, mud is not formed in the
quench device. Prime olefins from the gaseous effluent stream remain in a gaseous
state and are separated from the dilute liquid phase comprising primarily condensed
10  water and catalyst fines.

While the invention has been illustrated an described herein in terms of the
advantages, features, and applications disclosed, it will be apparent to a person of
ordinary skill in the art that the invention can be used in other instances. Other
modifications and improvements can be made without departing from the scope of the

15  invention.



tenperature at 40 psia (280 kPa). In heat exchangers and ot her equi pnent
downstreamfromthe reactor prior to 20 a quench device, the pressure is
mai nt ai newoaws/oatseut 40 psia (280 kPa), but the tenperatureTafSo/bs7effl uent
streamfalls belowits dew point tenperature of about 250F (120C), as
shown in Figure 1. Small quantities of water in the effluent stream wll
condense increnentally along the surfaces of the downstream equi pnent bel ow
t he dew point tenperature, wetting t e surfaces of process equi prment. The
catalyst 25 fines in the effluent stream adhere to the wet surfaces formng
appreci able quantities of nud. The formation of nud in heat exchangers and
ot her equi pnent decreases their effectiveness and reliability. Exanple 2
The gaseogs.AgiM$ uent stream described in Table 1 is conveyed to a quench
30 device at about 40 psia (280 kPa). Figure 1 shows that with an OTO
effluent stream given in Table 1, the condensation of water is prevented
by keepi ng theAE][ﬁ'HPe%E fr Wb firolRhg hhtGn@idilod @R tatalysiaBNiARAMSreabity 1dR0F (120C)
while it 1's being conveyed to a quench devicé. Therefore, the tenperature
of the effl uentfteregganas toplsipedoadesernpsiswg: 03/ 037834 PCT/ US02/ 24371 27 a

tenperature of 250F (120€) w t hout. nud form i i n k to
enterithg the §¥¥ ?fé?fﬁé%nt Sﬁ‘ﬁaén g’i‘ofnl %%ﬁygg?#ggﬁq%fﬁng%aéﬁéﬁg Qltreﬁgﬁlauench
devi ce operati pgLaht freaRIcBmPHES s@fidgb@iéteséﬁd pgheplandciBaigingpeined to rapidly
cool the effluent streamto 200F A (93C) causing nore than about 80% of the
water in the epfefipeard kavingadaoreiBhdense. 5 The catal yst fines |eave the
remai ni ng gas phase, o : . I iquid
phase of the cgen evﬁns%%ea\%\gﬁ rél(racfn13 é‘?ﬂﬁg@ S’?Itﬁgérrﬁﬂ@qulﬁg%gﬂég %%Iﬁ)lg ﬁltyn%)r?to?gﬁgndensed
vater rel ativegiopHabeataro i deof paiat diringtthd steyest remudingiespend or med in the
guench device. Prinme olefins fromthe gasequs effl ue&t strzag:rrerrai nin a

gaseolls st at e apkingfhe eSiieaF stream i agiolifh wagl o dEEoYs R PIFSd ®npr i si ng

primarily cond Qﬁl% berwald &atal yst fines. Wile the invention has
been il ustratg agtséljeeglg\r/iiﬁtbedw%er einin terns of the

2. The process of claim 1, wherein the effluent stream comprises prime olefins in
an amount of 40wt% or more of the effluent stream excluding water and solid

15 particles.

3. The process of claim 1, wherein the effluent stream comprises prime olefins in

an amount of 60wt% or more of the effluent stream excluding water and solid

particles.
20
4. The process of claim 1, wherein the effluent stream comprises ethylene in an
amount of 20wt% or more of the effluent stream excluding water and solid
particles.
25 5. The process of claim 1, wherein the effluent stream comprises ethylene in an

amount ranging from 20wt% to 70wi% of the effluent stream excluding water

and solid particles.



advant ages, features, and applications disclosed, it wll be apparent to a
person of ordinary skill in the art that the invention can be used in

ot her i nswere®37834x her nodifications and i nprovenents camChUSoEBS7WM t hout
departing fromthe scope of the 15 invention. WO 03/037834 28 CLAI M5

PCT/ US02/ 24371 1. A process for controlling accumul ati on of catal yst
solids in the recovery train of the oxygenate to ol efin process
conprising: 5 providing an effl uent st% eam from an oxygenate to olefin
reaction, wherein the effluent streamconprises solid particles and a gas
phase containing prinme olefins and having a dew point; renoving heat from
the effluent streamwhile naintaining a tenperature of the gas phase above
the dew p®i nt dhe pdgest beclaine p, wiiereiarthyeffigedtaatam andprids wastyileng it ke ef f | uent
streamin a solids wash t rem)\ég 1§olfid articlg@i .rom eff(iuelanj stream
into a wash nednewat 0520w onmgrei theetflupntstream exgluging waiqnandslidient st ream
conprises pri ”ﬁarﬂl:l%g.i ns in an anount of 40wt % or nore of the effluent
stream excl uding water and solid 15 particles. 3. The process of claim1,
wherein the effluent stream conprises prime olefins in an amount of 60w %

or nore of the_geffluent stream excl ydi ter and solid rti.cles. 20 4.
The procebs of ‘Fﬁﬁoﬁ?sif’faﬁ@ Zi ‘ﬁgetrﬁlgt{g? ‘%?Jﬂ\é\'ﬁtsgg?r?S%Pré%eﬁﬁ)ﬁps%zesneégﬁlil ene in
an anmount of ZOWHorRLsi{I0F&n 2bwidaeo ebHioy enthesihpamtmie] ddivdhgwier and
solid particles. 25 5. The process of claim1, wherein the effluent stream

conpri ses et hytshwlidpagislesarount rangi ng from 20wt % to 70wt % of the
ef fl uent stream excl udi ng wat er

8. The process of claim 1, wherein the effluent stream comprises water in an
10 amount of 25wt% or more of the effluent stream.
0. The process of claim 1, wherein the effluent stream comprises water in an

amount ranging from 40wt% to 80wt% of the effluent stream.

15 10. The process of claim 1, wherein the effluent stream comprises water in an

amount ranging from 50wt% to 65wt% of the effluent stream.

11. The process of claim 1, wherein the effluent stream comprises oxygenated
hydrocarbons in an amount ranging from 0.2wt% to 30wt% of the effluent

20 stream excluding water and solid particles.

12.  The process of claim 1, wherein the effluent stream comprises solid particles

in an amount of 0.15wt% or less of the effluent stream.

25 13, The process of claim 1, wherein the effluent stream comprises solid particles

in an amount of 0.010wt% or less of the effluent stream.



and solid particles. WO 03/037834 PCT/US02/ 24371 29 6. The process of claim
1, wherein the effluent stream conprises propylene in an anmount of 20w %
or nore owotohm3mB4 | uent stream excluding water and solid pearusowbsst 5 7.
The process of claim1, wherein the effluent stream conprises propylene in
an anount ranging from 20w %to 70m % of the effluent stream excl udi ng
water and solid particles. 8. The process of claim1, wherein the effluent
stream conprises water in an 10 anoutt of 25wt % or nore of the effluent
stream 9. The process of claim1l, wherein the effluent stream conprises
water in an anount ranging from40wt%to 80wt % of the effluent stream 15
10. The process of claim1, wherein the effluent stream conprises water in
an anount4.r anGh&prokessr bRist ¥ wherbinwhéeftiientseesh tompntesshtaliam 11. The

process of claim1, wherein the effluent str i Ses _oxygenat ed

hydr ocar bons iﬁar&ﬁleéwrﬁmqué‘ﬁ@nﬁﬁ‘gffw@QSW@?‘{”%(EQ%@?@? erﬁf‘ié&effl uent 20

st ream excl udi éltPani@t er and solid particles. 12. The process of claiml1,
uen

wherein the ef t stream conprises solid particles in an anmount of
0.15wt % or less of the effluent stream 25 13. The process of claim1,

wherein t effl uent str.eam conpris Sl i articl in anount of

0. a o/é1 % E}e | e&be Blfo"?%%é’féﬁ’f’? EeW er%’t‘ﬁﬁ%ﬁ@“ﬁ% ngﬁ?‘%%@ﬁ&siseéc?aﬁg@} US02/ 24371
14. The procesgy@ities ifddirdounti@bRigTrdoh 0. 0854 1% ent. 1 skeamieeffudnses cat al yst
particles in an anmount ranging from0.O0OwW%to 0.15m %f the effluent

stream 5 15. T¥eanprocess of claim 1, wherein the effluent stream conprises
cat al yst

16. The process of claim 1, wherein the effluent stream comprises catalyst
10 particles in an amount ranging from 0.005wt% to 0.05wt% of the effluent
stream.
17. The process of claim 1, wherein the effluent stream has an effluent

temperature of 200°C or more.

15
18. The process of claim 1, wherein the effluent stream has an effluent
temperature ranging from 200°C to 700°C.
19. The process of claim 1, wherein the effluent stream has an effluent
20 temperature ranging from 300°C to 600°C.
20. The process of claim 1, wherein the effluent stream has an effluent
temperature ranging from 350°C to 550°C.
25  21. The process of claim 1 wherein the effluent stream comprises water and

hydrocarbons and has an aqueous dew point and a non-aqueous dew point, the

aqueous dew point being higher than the non-aqueous dew point.



particles in an anmount ranging fromO0.003wm %to 0. | OMm % of the effluent
stream 16. The process of claim1l, wherein the effluent stream conprises
cat al yst wO opms1sd£l es i n an anount ranging from 0. 005w % PeTAISODM3% of t he
effluent stream 17. The process of claim1l1l, wherein the effluent stream
has an effluent tenperature of 200C or nore. 15 18. The process of claim
1, wherein the effluent stream has an effluent tenperature ranging from
200C to 700C. 19. The process of claitd 1, wherein the effluent stream has
an effluent 20 tenperature ranging from 300C to 600C. 20. The process of
claim1l, wherein the effluent stream has an effluent tenperature ranging
from350C to 550C. 25 21. The process of claim1l wherein the effluent
stream coppri s@%e paicess fanelainhy, dvicecdn berseesfdeinasing heagoumprisessdew poi nt and a
non- aqueous dew point, the aqueous dew point being higher than the

non- aqueous deW%‘b‘il?ﬁhewl@:?}legr?@ﬂ?}}f@*r?’%%mﬂn 31 22. The process for
claim1, wherein the step of renoving heat conprises renoving heat with
one or nore heat exchanger. 23. The process of claim 22, wherein the

t enper at u2® of Thhereeksslafehim $2r whereinghe Bmpeianraiohthd efffueat stemapeisat ure of 3~C

above fhe dew point. prior to the s f hing. 24. T rocess of claim
o wier e n t nEaRHpES A e besrirndl S Btun e 2Pkt lor e bG at.

t enper at ure of Vés}?’ﬁ% above the dew point prior to the step of 10 washi ng.
25. The process 0 | ai m 22, wherein the tenperature of the effluent stream
is maintained at a tenperature of 10*C above the dew point prior to the

step of 24.  The process of claim 22, wherein the temperature of the effluent stream is

maintained at a temperature of 5.5°C above the dew point prior to the step of

10 washing.

25. The process of claim 22, wherein the temperature of the effluent stream 1s

maintained at a temperature of 10°C above the dew point prior to the step of

washing.
15
26. The process of claim 22, wherein the oxygenate to olefins reaction occurs in a
reactor, the reactor being in fluid communication with the one or more heat
exchangers and the solids wash by a conduit.
20 27 The process of claim 22, wherein the step of providing an effluent stream

further comprises:
providing a feed stream to the oxygenate to olefin reactor, wherein the feed

stream is used as a cooling fluid in the heat exchanger.

25 28 The process for claim 27, wherein the cooling fluid is boiled within the heat

exchanger.

29. The process of claim 1, wherein the wash medium is water.



washi ng. 15 26. The process of claim 22, wherein the oxygenate to ol efins
reaction occurs in a reactor, the reactor being in fluid conmunication

wi th the woa3wms78amr e heat exchangers and the solids washPoy/@oresduit. 20
27. The process of claim 22, wherein the step of providing an effluent
stream further conprises: providing a feed streamto the oxygenate to
olefin reactor, wherein the feed streamis used as a cooling fluid in the
heat exchanger. 25 28. The process f &2 clai m 27, wherein the cooli ng fluid
is boiled within the heat exchanger. 29. The process of claim1, wherein
the wash nmediumis water. WD 03/037834 32 PCT/US02/ 24371 30. The process of
claim1, wherein the solids wash is a quench tower. 31. A process for
produci ngm! ef Tisprotdse optlaiee s svisasipthesdohigs tvash Btagmendftowepr ovi di ng an
oxygenate feed stream 5 reacting the oxygenate feed streamin the presence
of a catalyst to produce an effluent stream wherein the effluent stream
has a dewpoi n i ligd § ALY tH3aSe se and cat al yst
sol i ds; \r%elr'mvi% egsfﬁgpgj%aﬁﬁ%6%?%1?’[}%{1{%5%?22%1&)&%??é maipﬁ't&gi ning the

t enper at ur e of provhiéngedif dxygedatesfieedstmaahiove t he dew point; and 10 contacting

the effluent streamwith a liqui.d to separate the catalyst solids from the
ol ef i B cont ai nicAEFIFAES phepcaate g“fd Sﬁ‘ﬁ%nbt?ﬁ]fé’éesse%?e O?Ia W\%@l’% %ch%cgiaﬁ t he
oxygenat e feedq s tAaMesRNRiréls thd @than elreand Ras33dew PeinPirRICRSHriges & ai m 32,

. 2

wherein the catal yst is a nolecular sieve catalyst.
olefin containing gas phase and catalyst solids;

removing heat from the effluent stream while maintaining the temperature of

the effluent stream above the dew point; and

10 contacting the effluent stream with a liquid to separate the catalyst solids from

the olefin containing gas phase.

32. The process of claim 31, wherein the oxygenate feed stream contains
methanol.
15
33. The process of claim 32, wherein the catalyst is a molecular sieve catalyst.
34. The process of claim 33, wherein the molecular sieve catalyst comprises a

silicoaluminophosphate molecular sieve selected from SAPO-5, SAPO-8,

20 SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34,
SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44,
SAPO-47, SAPO-56, the metal containing forms thereof, or mixtures thereof.

35. The process of claim 31, wherein the step of contacting occurs in a quench
25 tower.
36. The process of claim 31, wherein the step of removing heat is accomplished

using a heat exchanger.



34. The process of claim33, wherein the nol ecul ar sieve catal yst conprises
a silicoal um nophosphate nol ecul ar sieve selected from SAPO- 5, SAPO 8, 20
SAPO 11, 8OR®0IB34 SAPO- 17, SAPO 18, SAPO 20, SAPO 31, SAP®C3A]S02/SBPO- 35,
SAPO 36, SAPO- 37, SAPO 40, SAPO 41, SAPO 42, SAPO 44, SAPO 47, SAPO 56,
the metal containing forns thereof, or mxtures thereof. 35. The process of
claim 31, wherein the step of contacting occurs in a quench 25 tower. 36.
The process of claim 31, wherein t he 33t ep of renoving heat is acconplished
usi ng a heat exchanger. WD 03/037834 33 PCT/ US02/ 24371 37. The process of
claim 36, wherein the oxygenate feed streamis used as a cooling fluid in
the heat exchanger. 38. The process of claim 37, wherein the oxygenate feed
is boiled7 n the sbeds of clfint S6@Herdn teatkyg@iite fEbdsipmoaciessedds acl ai m 31,
wherein the' step of reacting occurs at a tenperature ranging from 200C to
700C and an o%%@éﬁ&ﬂé“b@ﬁ@q%?i%¥£§§ﬁFe of about 1 psia or more. 10 40. The
process for claim3l, wherein the step of reacting occurs at a tenperature
rangi ng from 350C to 550C and an oxygenate partial pressure of about 1
psia or msre. T grbcesTheclpmod?ydeian thelciygedis feathisrboilad ithige sicefof reacting
occurs at a tenperatuyre ranging from200C to 700C and an oxygenate parti al
pressdre of gréM¥PERRhn or equal to 140 kPa. 42. The process for claim
31, wherein the step of reacting occurs at a tenperature 20 ranging from

300C to 600C and an oxygenate partial pressure of greater than or equal to
20 psia. 39. The process of claim 31, wherein the step of reacting occurs at a temperature

ranging from 200°C to 700°C and an oxygenate partial pressure of about 1

psia or more.

10

40. The process for claim 31, wherein the step of reacting occurs at a temperature
ranging from 350°C to 550°C and an oxygenate partial pressure of about 1

psia or more.

15 41 The process for claim 31, wherein the step of reacting occurs at a temperature
ranging from 200°C to 700°C and an oxygenate partial pressure of greater

than or equal to 140 kPa.

42. The process for claim 31, wherein the step of reacting occurs at a temperature
20 ranging from 300°C to 600°C and an oxygenate partiai pressure of greater

than or equal to 20 psia.

43, The process for claim 31, wherein the step of reacting occurs at a temperature
ranging from 350°C to 550°C and an oxygenate partial pressure of greater

25 than or equal to about 140 kPa.

44. A process for producing olefins, the process comprising the steps of:

providing an oxygenate feed stream;



43. The process for claim 31, wherein the step of reacting occurs at a
tenperature ranging from 350C to 550C and an oxygenate partial pressure of
great er 280tobasrses equal to about 140 kPa. 44. A process fram/ysowelsei ng

ol efins, the process conprising the steps of: providing an oxygenate feed
stream WO 03/037834 34 PCT/US02/ 24371 reacting the oxygenate feed stream
in the presence of a catalyst to produce an effluent stream separating
catal yst fromthe effl uent streamin 4 cycl one separator to produce an

ef fl uent stream having a tenperature and conprising an olefin containing 5
gas phase and catalyst fines; renoving heat fromthe reactor effluent
wherein the tenperature remains above the dew point of the effluent stream
during the stepa@ingrthaonidegathéertl stream pr the ipesercecdalceellysf tlpueditcestr eam  and
washi ng catalyst fines fromthe effluent streamin a solids wash to renove
10 solids frorftipetsiedn cont ai ni ng gas phase.

separating catalyst from the effluent stream in a cyclone separator to produce

an effluent stream having a temperature and comprising an olefin containing
5 gas phase and catalyst fines;

removing heat from the reactor effluent wherein the temperature remains

above the dew point of the effluent stream during the step of removing heat to

provide a cooled effluent stream; and

washing catalyst fines from the effluent stream in a solids wash to remove

10 solids from the olefin containing gas phase.



