WO 03/ 037834 PCT/ US02/ 24371 1 HEAT RECOVERY | N AN OLEFI N PRODUCTI ON
PROCESS Field of the Invention This invention relates to produci ng and
recoveri ngood3@Brass from an oxygenate 5 feed stream and nmca/ypserioul arly
to heat recovery in the process of producing and recovering olefns 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 efins. Specifically, ethylene ahd propylene 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 inyol ves. 44 @#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
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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 PCT/ US02/ 24371 2 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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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 entwoesosmsy of heat. WO 03/ 037834 PCT/ US02/ 24371 P®CThsn2/p43e1

ef fl uent stream passes through a quench tower. The 504 patent provides no
gui dance on how to manage the catal yst particles that exit the reactor
entrained wwth the gaseous effluent stream Catalyst particles and other
solids that |eave the reactor suspendged in the 5 effluent streamfrom an
OTO reactor pose a particular problemin the overall OIO process. These
catal yst particles sonetines fall out of the gaseous effluent stream and
deposit on downstream equi pnent in a phenonenon known to those skilled in
the art as fouling. Fouling is the accunul ati sSQl | .fs on
sur f aces Tgenithie %‘%?6%4“91’?%%35 %r ﬁél PN t8We%?r@ﬁ%f§§' pglnen gﬁggiclé or. In
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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
i hi -t heTHE: O8% OHhdes SoPHRE BB BRSO SO R st et um | o

wat er. | npsint | In AbMePBhboEMBAIRRAD of kéifoviRE heks covafikek Serdodhengdt tower. In
anot her enbodi nent, there is a process for prodUC|ngyolef|ns. The process

conpr i seswithewiedit mprahead ycanger e 1p selnsther ambodimeniolhy gEmaenateiteed streami s
reacted 20.in_the presence of I . 1. [ ffl.ue stream
The efflud fmg{?%§ﬂ$ﬁ§§“anaéﬁrg%iﬁﬁégﬁﬁ%cgégﬁﬁ%ﬁgﬁﬁﬁmﬁﬁ% |ﬁ%%bn%aining gas

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 poi nt.
The ef f | usheansflpwa fromsthe FRagtor Brpuehy tBe cofidust to thehgat crciaaneers and then via

the conduit to the quench.
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



separate the catalyst solids fromthe olefin containing gas phase. 25
According to one enbodinent, the catalyst is a nolecular sieve catalyst. In
anot her ewbadiosmsst the step of contacting occurs in a quemch/usonst371 The
step of renoving heat is acconplished using a heat exchanger. The
oxygenate feed streamis WO 03/037834 PCT/ US02/ 24371 5 used as a cooling
fluid in the heat exchanger. In another enbodi nent, the oxygenate feed is
boiled in the step of renoving heat. kn yet another enbodi nent of the
present invention, there is a process for 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
catal yst is separated.fromthe effluent streami .cyclone separator 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



in the recovery train | ocated downstream fromthe OTO reactor, or wll
accunul ate at 25 very low rates that do not necessitate frequent shutdown
of equi prwpto3/037834 he gaseous effluent stream | eaving t he POT@SORAGBIDr i S
kept above its dew point tenperature until it reaches a solids wash, such
as a quench device. Thus, none of the conmponents in the gaseous reactor
effluent is condensed to forma liquid in any elenents in the WD 03/037834
PCT/ US02/ 24371 6 recovery train priogf to the gaseous effluent stream
reaching a solids wash. The recovery train is herein defined as al

equi pnment 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 the OTO reactor 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



surfaces of equi pment downstream of the OTO reactor. These small quantities
of liquid conponents tend to pull the solids into the |iquid phase due to
surface twpaBwosrs3effects, thus form ng nud. Wien smal | quacmiusors3of | i quid
conponents, e.g., 25 condensed conponents fromthe gaseous effluent stream
are present in such equipnment as a conduit or heat exchanger, at or bel ow
t he dew point tenperature of the gaseous effluent stream heat is
incremental ly renoved al ong the Iength of their surfaces. Thus, the
present invention permts the reaction effluent to be cooled WO 03/037834
PCT/ US02/ 24371 7 without formng nud in the recovery train. OTO process
equi pnent downtine and inefficient operation of such equi pnent are
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enbodi nent of the invention, the process is for recovery of catalyst fines
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si li ceal udephrephate (SAPO nol ecul ar sieve. Silicoal um nophosphate
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SAPO- 5, SAPO- sTheAmialysti, SAPO- 16, SAPO- 17, SAPO-18, SAPO- 20, SAPO- 31,
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SAPO- 47, SAPO a containing formns ereof, and m xtures

t her eof . Regfermesfroat thk VSIG proagss.o Cdiahygtstkmotsnifor canvbid weygepaterte SAPO- 18,
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(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



20 conmponents in varying proportions, regardl ess of their physical state.
The silicoal um nophosphate nol ecul ar sieves typically produced are very
smal | andweroa/os1ses ef ore typically adm xed (i.e., blended) pairtusone4ser
materials to produce catalyst particles of the desired size. These other
materials that are blended wth the nol ecul ar sieve typically include
various inert or catalytically inactive 25 materials and various binder

mat erial s, including conpositions suchgas 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 ' / ; - . /24371 ..8 m xtures thereof.
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catal yst pavpite fhose skilled By the art pnsnagy BESIR: z[ilﬁ@aﬁg p% smaHgatalypt i al |y dri ed

so they ”%Eﬂfc?ésrhr@forélea ubsd ?t@ﬁﬁz%(l ﬂoﬁﬁpﬁ{d %%\!}%g}g%?asf)%h%hﬁﬂl d, the

resulting conposition is re erred to as a cat al yst
conpri §i ngubstant@APEpInyicetallape. si eve. The catal yst particles shoul d be of

sufficient siz o all enoval by conventiopal .cyclo but not so | arge
that they ar ee{xh‘?n @S%ﬁ?%{hﬂfﬁﬁugﬁ%ﬁmp‘?ﬁg%é&fsf%fit%mggfﬁ%ﬁ?yss@cor ding to
one enbodicaRikst c&@p&@lﬁ?fﬂem@ﬁ@%uﬁ%iéﬁb ThOUAta 9 PartidéLsnBhIgheLabl y from
about 5 %to about 90% and nost preferably fromabout 10%to about 80%

by wei ght sefficiast siafmilleyy eamovalby egnaientioanlyey clones dubngtso lgae thatthey si zes are
el a5 0 PRI O i SEETAT] | el oo e

an enbodi nen conp n-.prov te to olefin
react a0 hasmaripardbbal E636 aitout 9% @atd prefexadteisadibast I f1eo kbsgesys, 15

di rension of the particle, or range of sizes, of fromabout 30 pmto about
3,000 m 2AHAEShPETeERtdp Py q%@H? vo it 2099t $0°m Ryowaishi Al meleculirgisye. pr ef er abl y
from abouty;40ran@t bPcARIM pakRPe Mes are useful according to one embodiment of the
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,



The nol ecul ar sieve or catal yst, according to another enbodiment, is
subjected to a variety of treatnents to achieve the desired physical and
chem cal wP@3pbmBact eri stics. Such treatnents include, burCarisona371
necessarily limted to hydrothermal treatment, calcination, acid treatnent,
base treatnment, mlling, ball mlling, grinding, spray drying, and

conbi nati ons thereof. While such treatnment can increase the hardness of a
catalyst, it does not elimnate the ppoduction of catalyst fines in the
effl uent stream 25 The OTO Reaction The invention according to one

enbodi ment i s managenent of solid phase particles in the recovery train of
an OTO reaction according to the principles set forth herein. Accordingly,

the OTO r%&?ﬁo n@'&lrtsnhc%)lsi gg grgo oeLQuL:l ’|£1J>n1551y}1ed18-£8 Jr%t d}o%Qr OM\O 03/037834

PCT/ US02/ éh]Cd ena and optionally a

di l uent orddedRyshrateBr di@ﬂilxe@dﬁiﬁdhé@@@é@t@ lisycomtacradxeith ’dhetchtal;iae irothggenate, is
contacted with the catalyst, in the OIO reactor. Suitable reactor types
i ncl ude cONE®a¢tBhal reactors such as fixed bed 5 reactors, fluid bed

reactors, and Sﬁﬁaqﬁ%feg@tgf'ﬂf 8s 1n§ﬂﬁ§ oA Rlacloyd&h A ﬁﬁéﬁ"%ﬁ”t i onal

reactors are descri I zati on Engineering, D. Kunii and O
Levenspi eleactoRoHeid be.redttorecpmd rRedxdeacgdrs nGheSe.andiythet §pEs oAwnwentiongl t o one

enbodi nent referre 0 riser venti.onal riser

r eact or d&?F@E?“Sﬁ ﬁ?#ﬂb&huéﬁg@F ﬁ&?ﬁﬁﬁéfiépﬂﬁgggfgﬁVﬁmﬁﬁ 3i di zati on and
Fl ui d- Par g6l £ ﬁM@é&%bhﬂﬁ%@o %Y5%771chopalng&@@ae ando@men, O hner,

Rei nhol d Publ i shi ng Corp 0, the description of whi ch is

i ncor por ap@ﬂerfﬁérreaqwrbyrerléﬁfeér@@ﬁf@@ Cﬂﬁéeféb@pg]el?ﬁ@f eapiop dessgnsaggiuather hi s
| nvent | Onﬂ g?g?# e‘%h rRea }” a2 ?ryn Fl&zgiﬁ)a?ﬂ&géﬁzgg;z 8943%8%39 at | east

one oxyge suc as a |c al'cohol’s ers onyl” ‘conpounds
(al dehydey,A kRhpagsD. B&Dﬂml Rﬁnt&ﬂﬂ deblishiaphorat B, 1% eresiemuoﬂnef 15 1ike).

'n enbod %?(}hﬁs Yr\{]cggp%rgtgc?heremgo%nrg e?enlcg an al cohol, the al cohol optionally
The oxygenate feed stream of this invention comprises at least one organic
compound that contams at least one oxygen atom, such as aliphatic alcohols, ethers,
carbonyl compounds (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



i ncludes an aliphatic noiety having from1 to 10 carbon atons, nore
preferably from 1 to 4 carbon atons. Representative al cohols include but
are not rwoes®arsddy limted to |ower straight and branchedraisat/m3al i phati c
al cohol s and their unsaturated counterparts. Exanples of suitable oxygenate
conpounds include, but are not limted 20 to: alcohols such as nethanol,

et hanol , n-propanol, isopropanol, and C4 - C20 al cohols; ethers such as
met hyl ethyl ether, dinmethyl ether, dpethyl ether, di-isopropyl ether; and
ot her oxygenates such as formal dehyde, dinethyl carbonate, dinethyl ketone,
and acetic acid. According to another enbodi ment, the conposition conprises
m xtures of all the foregoing oxygenates in various proportions. According

to 25 anot her enbodi ment, preferred oxygenate co nds_ar,. t hanol ,
di met hy| leprp8rmolappergenibrsqg s tﬁﬁ&t &P%%E%@?@F%ﬂg%%%n‘gé@éeg‘? of the
i nventio | L LMEBIS RS Befinkh B8RAL dilBedidgrel eed stream
Accordingbggggﬁgéﬁgﬁégggg%%éi?%% aggint ofldiluent IS fro§1vm)03/037834

PCT/ US02/c34biitiofOthit dre e@ontimblyarongerctivnagropasadleswlat Heve ettadystrandper of
nmol es of aJl feed and dil.ue

t _conpaonents.f (or catalyst).
As def i nddmpEHEfnction T%Bﬁ‘fest?%?’éygeglgtﬁ%&‘ith fegﬁgtr%ﬁ‘éﬁéggf‘ge&%%%% Tally
non-r §aCtTé§??ca@aﬂ@e?§s iAclimd eeyhhobh@¥atiBtlahiyat to hatis, prbnmtiidgenf unction to
make t he ygenates in the feed stream | ess concentrate 5 Typi cal

di | uent s darhsinudenoxislet caaben diexidacwaiss sysentallyinonedftve PREIYSm  ar gon,
ni trogen,, carho noxi de diRxicde,q £ 2 RL i@ hyidon- reacti ve
paraffinébﬂ¥@§g¥@¥g$$ye§%gm§$ é%@gwtﬁgﬁkés H%?%an%,ﬂiﬁﬁ%ﬁe, and propane),
al ky| enessondfodf8s, beid mbanmee tingsf. ThelprefoctedrddsertthacenflingThenpr ef er r ed
di l uents, according to one enbodinenta.are wat er apd nitrqgg@. Accor di ng
to one praseleaskmenyarg3yaieg 28 gIogeRt AcGBINg 1RenG RIOYF K Pa RS her 1 qui d
or vapor [farm. ACGol B et R RN PAfeREIAENT . the reactor is supplied with a
feed 'stream comnprising oxygenate conpounds. The oxygenate feed streamis
contact ed W t hAecording ecerdeambzidiuentciae atagior isaupplisderiyhe ferd Ty s pace
velocity c(ompri 1ngogxyggr%"flet co]m;bc{unés.ofhe oxygenate feed stream is contacted with a
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?. WHSYV 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



nore. According to another enbodi nent, the weight hourly space velocity is
15 preferably in the range of fromabout 1 hr 1 to about 1000 hr-I1', nore
pr ef er ablwoioa/os1se4 range of from about 20 hr 1 to about 1®00/Us02/44378nd nDSt
preferably in the range of fromabout 20 hrl to about 500 hr 1. WHSV is
defined herein as the weight of oxygenates in the feed stream per hour per
wei ght of the nol ecular sieve content of the catalyst. Optionally, WHSV is
defined as the weight of oxygenate plu$ 20 hydrocarbons in the feed stream
per hour per weight of the nolecular 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 i s cal cul ated on

the weight, basjs he 0o f i e and
hydr ocar bSRETY! a?ﬁ%%i't 'pﬁ?ae(%cgg{g?ﬁ%%ﬁ%? %rerl(’ %‘?%@@%&W@%v%@%ﬁ? %ls ned in the
cat al yst. r2ktibgeondiisag. t o0 one enbodi nent, the oxygenate feed is contacted

with the catalyst when the oxygenate is in a vapor phase. In %not her

enbodi ment, t heljsPrkrgte anjeqbodiment £he (TQ progesp i@aed Rt S R4 % apor / 1 i qui d

phase. W i ok R o il M bithuR DBGR RfabBudti xed
vapor /1 i qﬁ%ﬁﬁé@%ﬁéﬁuﬁ%ﬁe% P Btipodiike tilaBis i HOBNOTE Qo XS 371
11 sel &ctinDty. Akcdrdmgd-it¢ ongernbibments theltérsperhteresfiitioameaciepengésfipmpon t he

catal yst and reactian condifions., Accordin n ' the OTO
process i§B8‘étr3rq%e % 0%8&%55 affi%fa‘ély Foghgﬁoug?g‘?gﬁﬁésg‘?&sgi@%&%ypi cal
tenper at Urgeds@RaRribSover QMidbRMEe, 206dih adBBeHous PredidDds. AROATIEH RO One
enbodi nent, the tenperature of the reactor ranges from about 300C to about

600C, pr efesrtaldingerftr axyeatstanparB8@cesserea sapousbpi@ (61hkPa) 9F 8Eedtfte vari es over a

wi de range, Jineludi ng. aut S r.di : odi nent ,
oxygenat o Figriips <o ee Bl EECIM 3 BERRE B0 fRF sl SRE SR

pr ef enabl yhighevkyfenpipartiaBprekfiags. Okcogrdimiie tn ofyenge perimbpiessupaot i cul arly
effective at 10 hi gher oxygenate ,partfi al_.pressures. AC(I‘ordi E%I y an
oxygenat e 39aYit30apsiprld8 kBpergreatg i bt orpdia pae eabasiRey ppnpdater i s
preferred J.fy Qe MO Gk BeRAte phftiaBPRERRE is preferably about 25 psia (170 kPa) or

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



enbodi nent, the oxygenate partial pressure is preferably about 25 psia (170
kPa) or greater, nore preferably about 30 psia (200 kPa) or greater. For
practi calwoesiogrs34 pur poses, the oxygenate partial pressur@crasabaourl 500
psia (3400 kPa) or less in one 15 enbodi nent. Preferably, the parti al
pressure of the oxygenate is about 400 psia (2800 kPa) or less in this
enbodi nent and nost preferably about 300 psia (2000 kPa) or less. During
operation of at |east one enbodi nent 1of the invention, hydrocarbons

accunul ate on the catal yst, which renders the catal yst substantially
ineffective. This 20 buil dup of hydrocarbons on the catalyst is called
“catal yst coking." According to one process of this invention, coked

I d b
P ATIEA A e LR A B e N AR

thi s reggperalio?nN RREGH FioRVCE@shtaahésyandicohdifioh#pptaaimtedd nimnteidasi ng t he
flow of feed streamto the reactor, i nt r oduci ng a regeneration medi um

ceasi ng fdeswe@Bev@l‘oftWée pe@@rﬁeﬂ@tqu dthipibe 58 hen rei nt roduci ng the feed
streamto the full 8P o Ipa%x cht%f Lr)’lo Se(gﬁ@%glﬁ‘% %F%t%ny&qeac{?&gﬁﬁe&@tl on occurs

ei t her periodi caft CrRUOUS regeneration occurs

out si de thanhQhidlyeacidaed RycordHiDIo 01g embopnmntoharutulaﬂhse tlmkeﬁicsfﬂloa‘@héﬁ cat al yst
to a separate regenerator, regenerati b’“& &k(ﬁd WO 0 {g 8 ?to

PCT/ US02/i84ddad toThe Egengryier. Wh?fetlhefof’%%gﬁ {50 G FECRURSE GHEN

reintroduging, fhe E@&&iﬂ%&@&&%&%&%b&ﬁem& Fresh BRalySAE hdded thﬂ@Qélﬁltcﬁt ion occurs

at tines an:]?]:l con trons appropriate to maintain a desired | evel of coke on
the enti rmdepénabywtmmegemrattrbcaﬂdaﬁtor To make up for any catal yst |oss

during the regeneration gr reaction process, 5 fresh catalyst is added
according to o&éﬂéﬁfiﬁgﬂl—i‘ﬁt &ﬁi—ﬂaove rticularly, the fresh catalyst is added to
the rggenerat O'The\%b@érﬁ 1ﬁ¢enﬁé@§1@@@é‘es@h@ffglem streainhihatroegims maitrecblefatsal yst to
the reactor. According to another enbodi nent, fresh cat al added to

the react ord othecfeypsodusts: 13e efffuent Bisamdpasies st P8 ga@?é?@@ #ithes

Recovery 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 45wi% 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).



10 The present invention produces an effluent streamthat contains prinme
olefins and other byproducts. The effluent stream|eaves the reactor in a
gaseous sw@tod/osisat i s absent any |iquid phase. Accordi ngPCo/usny24371

enbodi ment, the amount of prime olefins is about 40wt % or nore of the

ef fl uent stream excluding water and solid particles (e.g., catalyst
particles). According to another enbodi nent, the anmount of prime 15 ol efins
in the effluent streamis about 45wt %3or nore. In'yet another enbodi nent,
the amount of prine olefins in the effluent streamis about 50wt % or nore,
and in still another enbodi nent, about 60wt % or nore excludi ng water and
solid particles (e.g., catalyst particles). According to one enbodi nent,

t he amount of ethylene in the effluen e ' 20wt % or nore

excl udi ng wat elgccg}é@jmgg? PR B3 O[dil%?%;l[‘ﬁ é@é&lﬁt 0???’ gl%@lsléé {)age?@ ?&c?ses) . According

to anot heéheﬁﬁ&@éjj)r%ﬁﬂ&ed ft 438 R OTO hroakssasthetltieneprite blefing ffatarantsobd r eam i s

from about 20w % to about 70w % excl udi ng wat er _and soL/' %dggrti cles (e.g.,
a

catal yst papteles ¢l soptalyss partiglengn thy @HEcTE Aseem Herheut 1vd tot¥it of propyl ene
in the eff] guedgrtlg ‘%%{aef;g@ st ggﬁicﬁgqyg gg%%{og%#é%geAgﬁhiﬂgw&O%er and solid

particl esex(3 al'yst rticlesy. to another enbodi nent, the
amounts of erpi ke ehel amduneottfyiradents s theedfindng stréampimfimboattoupdwt’ése o about

50w % excl udi n ter and soli articles (e, g. at al oparticles). WO
03/ 0378343PET? z/IQJSWOt%Cmg%‘Q@F 'framt%’g%%”‘gh{c?o%’ﬂ*?@vﬁ/ Ehe armun% of
bypr OdUCt%zc(Lgﬁxfl(;Qf%réﬁdscﬁi!@leﬂlﬂ'tfb?és?e.g.r eshisechatiqem t he OTO process other than

prime olefins, water, or solid part’i.cles (e.g., catal ystﬁg‘%rticles) in the
ef fl uent st r eafth¢ sfflmbaistre@Bwf ohoembasimentapataiialgispab eHtRAd™VaST i d particl es

(£ B oS SO BES r R PRSpRER e mrmur
yet anpt hgpmeabodiomattior Edmihadout 2 v Sot mo@badtér. 20whdther embotimiinhg wat er
and sol dit %gtrlttagn% lfr%?n g‘t?du% 4OW’E‘:’2 'Ecoaeib%lsrs 8 V%%E iNgtleg Sa)nii 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-



The effluent stream of one enbodi nent contains a |l arge quantity of water
vapor along with olefin products. According to one enbodi nent, the effluent
stream IWOfososisBhe OTO reactor contains about 25w % or nmpCe/UsaL/21371 | n
anot her enbodi ment, it contains from about 40w %to about 80wt % water, and
in yet another enbodinent, it contains from about 50wt % to about 65w %
wat er. The effluent of the OTO reactor stream of one enbodi nent contains
some oxygenat ed hydrocarbons, includidang any non-reacted oxygenated feed.
Furthernore, 15 oxygenated hydrocarbons that are byproducts of the OTO
reaction remains in the effluent stream According to one enbodi nent, the
anount of oxygenated hydrocarbons in the effluent streamrange from about

0.2w % to. about, 30w % Of fid t LSRR YC | HALMY Bed&hteand solid
particl esls?%r.oﬁyl_,e, eét%r?dyoélﬁér%g(y%&éeég‘?% a'f‘ﬁ% oxngnét'e hygr ocar Sg’r]s__ of this
I nvent i ongigRm ks®ge,alnd hegitacih eAa@oghing t© andhecenpalimdnt, Hatconpatiivms  at

| east one oxygen atom such aso alj phatic alcohals, ethers, carbonyl

conmpoundsCquEPTEEhREEIes OE A TCERIGSRYEIIAIES U YLIOUS REUSHH s, esters and the

like). In embogi Bort N1 MAVEEIRTEa RYGY Q688 bRl panitiealeghol , the
al cohol opti oﬁgwgeﬁlrt\%ge% an aliphati carmi et ygéhavi ng%f rom I& to 10 carbon

at ons, 5 noeRalygpaftaiabpiesdnt omihe reastos effueniodn gne pmbodespk dateatetve al cohol s,

include but are not 25 necessarily limted ft. r i.gh: branched
chain ali F’?tcm&?aé‘}ﬂ‘i’gf’gt (gﬁ%mt}f‘lg‘rl %SS oéﬁglé‘fﬂarrg@ g%%gu%a?%isggrg{&sd.e@g%npl es of
sui t abl e GRYOSHRIEE chty HhO e MeBRNRabiBCHGke chithins abeut0OOwHYadrties salat  al cohol s
such as net hanol, ethanol, n-propanol, i sopropanol

. . . .,and C4 - cO
al cohol s; patihlesor shew 05 Onatarfiless solyd pastities of R D10 PWEP 198 fess %ﬂ%t hyl et her,
610,05 0588 POTUIMET L Srkamnian, e ebpnanoghon sy ocnat o
aci d. 1¢\cCar@hayetembpdahdiey the ghedinmeadtor dffieent copaiss bbart 0.09wPhioses mi xt ur es
nvent | onma 10 PUNGRSIGrCo i, C B P i 1o LE AR FrEPae s . 5
?2;2![ gft BR" dab &u Seacktr 8RNt EdhtdiRErE R A66R10. @ WUapbolt. BREYAshed ment, the
particles, or from about 0.003wt% to about 0.10wt%e, 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



ef fl uent contains about 0.15wt % or |less of solid particles (e.g., catalyst
particles). In other enbodi nents, the gaseous reactor effluent contains
about 0. WOOa0%88+ | ess solid particles, or about 0.050wpP¥rarsot/esst solid
particles, or about 0.025wt% or less solid particles, or about O O Ow % or
| ess of solid particles (e.g., catalyst particles). In an 10 alternative
enbodi nent, the gaseous reactor effluent contains about 0.001wt% or nore
solid particles (e.g., catalyst partitdes), and in other alternative

enbodi ments, the gaseous reactor effluent contains fromabout 0.00lwWm%to
about 0.15wt % solid particles, or fromabout 0.003wt% to about 0.1 Oam %
or from about 0.005wt % to about 0.05wt % solid particles, or from about
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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 is likely 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.
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hydrocarbon will sometimes have two dew points--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.



The formation of the nud is prevented, according to one enbodi ment of the
invention, if the tenperature of the effluent streamis maintai ned above
its dew peDB/03M34 enperature prior to entering a solids waEm/UShPoe43rhe

pur poses of this application, the dew point tenperature is defined as the
tenperature at which condensation of any of the conponents in the gaseous
reactor effluent streamfirst begins. The dew point tenperature is
pressure dependent. As the pressure of the reactor effluent streamis

i ncreased the dew point tenperature will increase. 10 The dew poi nt
tenperature is also conposition dependent. Because water and hydrocarbon
typically formtwo phases, an effluent stream containing water and
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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 efﬂﬁent stream to a sélids 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



present invention, quantities of hydrocarbons having a normal boiling point
greater than water is present in the gaseous reactor effluent according to
one enbodwoma37sBsn anot her enbodi nent, the reactor effl uear/ySexedsadi ng
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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



18 equi pnment itens as may be found in an OTO recovery train. Control of the
tenperature decrease in a conduit is a function of appropriate design of
conduit wewmawsTsy4 and i nsul ati on, anong ot her things, andPIC3/uset/b43known to
those skilled in the art. 5 Heat exchangers are used downstream fromthe
OTO reactor in one enbodinment of this invention to renove heat fromthe
effluent streamwhile conveying the effluent streamto a solids wash, and
t hus recover the heat energy producd® in the exothernic 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 below its dew point
within t ; ' ' eritOrel DM mAGEareiMige g8 anot her
enbodi msE?mggﬁr%%géf%\%&%ﬂ%%@?ﬁ?glarr%tlﬁénﬂtlplof heat reﬁngved frorgthe heat
exchangerefflsentctredm chd belcoumbled.hat t he tenperature of the effluent in the
heat exchanger, the conduit . or any.otl | t ...0f recovery
train prior toAF‘P?églgglt‘? ge° %g%ﬂ%%rgsofﬁrg{}%sﬁﬂﬁﬁ?ﬁﬁ%&%@ft gt ew plgi nt

tenper at L!Eef;ot a@d&tifscﬂewﬁ)[%oihﬂlﬁ aheARRtRingEe colrluiteaseher aquphesipriexthanger i s a
function o appropriate desi gg of heat exch nger%t%aeorr.\e‘:l{@éTt and netal | urgy,
and f i deritenng a soddls veak.plit anofier prabofimsple e edueny strpagis A @apacity, among

ot her things, and is, welb g%@- ki tifa hBg edétancdccording to
one errbod‘iegr’é’ﬁfa?u?ﬁta%%@eloﬁg&ef ¥>I tﬂtgg)tr& 0 stltr%eaeﬁllfbgn cool ed eby_ exchange with
the feed gisraarhefingheoQvishadi aotioer eabodinent, the efflderitntreanhesdtepeséchanger in

the effluent stream_ |In aj typhcal heat. exch er, heat is transferred from
a hot fl ut tempsrauresIt @byt § (5 Hf)&igﬂlf’fa aE%Weilﬁad:eg’rROé%tén Strhe&tv%éfl}a'ng?rhat
separat es L hLYi YOI G ih Wef SloBlef 86lbb ARG, Hio MG Strdagals
transfer"?gl‘g}ﬁf)teﬁﬁrelhggls?ﬁds&npér atlu%g on tehe hot Qrt’gasepu$ ef fl uent side of
the hemt ket hangerpaablenfbbowi0the. $X)demaoporbrvetic dowrneiniina Beatt he ef f | uent
stream condensati.on occurs an accunul ates in the heat exchanger. The

c mud
val |t enp&FRLgs PHPT 10 FECTBB AP 5V war ner  than' the tenperature of the
cooling fluid. opas@Ifi M preselyineaitibh Ghlcidgs Whk 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



WO 03/ 037834 PCT/ US02/ 24371 19 tenperature of the cooling fluid, the wall
tenperature and tenperature of the gas effluent stream can be controll ed.
Accor di ngwoe3nsms3enbodi nrent of the-present invention, thePeffuSomeM37stream
is kept above its dew point in a heat exchanger, conduit or other

equi pnent prior to 5 entering a solids wash. In another enbodi nent, the
effluent streamis kept at a tenperature of about 1F (0.5C) or nore above
its dew point in a heat exchanger pr@oor 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 in a heat exchanger prior to entering
a solids wash, and in yet another enbodinent, the effluent streamis 10
kept at a t erature of out, 10F . point in a
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another aspect of the present invention, the temperature of the effluent stream
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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



In one enbodi nent, the tenperature of the cooling fluid is maintained such
that it does not fall below the dew point tenperature of the effluent
stream TWO093/0818¢4 WO 03/ 037834 PCT/ US02/ 24371 20 wal | tempersores7on the
effluent side of the exchanger will also be maintai ned above the dew point
tenperature of the effluent stream Optionally, the cooling fluid is

sel ected under conditions such that it is maintained at its boiling
tenperature in the heat exchanger. |21 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 streamin the heat exchanger. In the
nmet hod of present invention, the effluent streamis conveyed, while
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wash device. In other embodiments, about 75wt% or more, preferably about 95wt%
or more, most 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



25 into the liquid phase in the wash device. The "washing"” |ikew se renoves
the catal yst particles fromthe solids wash to prevent accunul ati on of

cat al yst werodiogises and fouling of the solids wash. This ipeTasoveysli shed
when the concentration of solids in a liquid phase (a dilute liquid
strean) at any point in the solids wash is dilute WO 03/037834

PCT/ US02/ 24371 21 enough to prevent nud formation, or dilute enough so
that fouling due to nud does not necdEssitate the shutdown of the solids
wash. In one enbodi nent of the present invention, the anount of solids
removed 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 theoF&l‘éid]@{%eﬂ%tint‘%{;]nel?é}gtu@&)scu%a%@&é{ wWithaiMilglommstiteeam f rom t he

sol i ds waShVdaVPce. n ‘anot enbodi nent, the anount of solids renpved
fromthe gasrdplicisadepbndeneicef fluent streaminto a dilute liquid streamin a

solids wash device _should be sufficient.so that it ; Gessitate
frequent shut dBv#RogFer éﬁ‘b??}ﬁ’e@ﬁft eﬁ”aﬁhgleé%’ 1P§8@5/°§?§‘/n &%%?%%3\%&% eam of 10

the solid ﬁ’l‘?@&hcg@é@ £td MdUndbr AdPiohsBuch et apsrtion dfvesshasdonsisst ate is
introduced. In one enbodi nent, about 50wt % or npre of the sol. ds entrained
i n thes ef frapoeintd whilestitl foeming 4 siftieieailuppidy Rh3 quéxﬂ%é@ igeentaetedithe in a
dilute ligy d stream | eaving the solids wash device. In other enbodi nents,
about 75mf3#@?t f8: preferably about 95wt % or nore, nost preferably 99wt %
or more, of theacsalingsoent eabodichent) stitiblestdshuestia hSludematan entering a

solids wash device are present. in a dilute |liquid stream| eaving the
sol i ds washdrdearbens, (m%iqu’shwrb@%?%alwgég)é géef?g%&f"%grﬁta %glssi)’abl i shes a

sufficient quanti LAY h iR r&BNagdr ivh bhrtichlerlgbffbatient st ream
t hr ough tﬁgﬁﬁﬁﬁﬁééﬁ%ﬁ?%ﬁo%#5§¥&%§ﬁ a%@éiuﬁl In oﬁé eﬁbodineﬁt, a wash

medi uny i S wash mdmmd to a soli d_s vva_sh devi ce at \ 20. arate and con_di tion
Sut 1 ci ent quat Fiyasens gl RS ofSB Rt deeRa Sk A AL e and
no mat erigghyidted NEurBEihigihtist sfeamuidpiesdenand: with tht difueresoadi ment s, a
aud ts 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.



i ntroduced into the solids wash device at its bubble point tenperature,
preferably at tenperature of about 1F (0.5C) below its bubble point

t enper at LWe 00/03788¢ e, nore 25 preferably at a tenperature @CTaiso435F (3C)
bel ow its bubble point tenperature or nore, nost preferably at about 10F
(5.5C) below its bubble point tenperature or nore. The bubbl e point
tenperature of a liquid is defined as the tenperature at which

vapori zation of any of the conponent £23in aliquid first begins,
essentially, the WO 03/037834 PCT/ US02/ 24371 22 converse of the dew point
tenperature discussed above, with simlar attributes regarding its
dependenci es. I n anot her enbodi nent the wash nmedi umintroduced in the

solids wash dey] 4@ enlidliéifi ABUEEChvAls & miatbof apdaundesaanticohenseduch ¢ hat
a portion of wash mediumis 5 vaporized while still farnming a sufficient

quantity odrim dueqeliing phicesethienembedizent abort2Sves oraere of eHBIGH SUERRJS ding to

one enbodi nent, sui.table sh.nedia ] . .
(parti cul &mdgnssd FPERAABTI m@o%ggtlna?lﬁgl@%&g%edaﬁg%% E)Putc%)\f gﬁﬁg{eg%g??

gﬁ/gg tn;’vlt ggﬁl?%ﬂd%%ﬁﬁggﬁnen@ﬂlfhﬁ@ﬂl{ ?@dr@ﬁﬁthé leffhueof strevvt iscondensedpar ti cul arly
_ Vv 10 wash medium In sti anot her enbaqdi t the pr t

i nvent$ ondudngsolendyngadircaeingie an@@]@%gpbcgdﬁggntaatggﬁsﬁ @Qﬁheqvﬁagﬁ'{)lps ;e(r)\f a

i quid phﬁf?geéﬁlﬁ%%%efa%ﬁs c%%églsé&‘ﬁurﬁigf B0 HinS tThGaBIhet dhgdtEReAhBobt r oduct i on

of a wash condenses at” l'east a portion of the nmaterial in the
ef fl uent sboeaMorSuttheamtanpe tat éffivent stréaypis cahdepsesbduring qugnedhehilag, * and 15

takes place in a "quench device," and the wa medi | S "
rodl um " S¥ R queRERIas Bt oPERers Ak e e aoop heSGaR B, Tene

streamis 9§fgopd'(rg%<¥e ofv@l%]fb@ﬂaqg i UM SRR R&bnddnkéY duritgedqiehcii®gli um i n the

l'iquid s't'a ormof what is typically called "direct contact heat
t r ansfier " Wheihgenephglinconwents degeo et legpt e nerion @t therprgpprlelps M3 of the

on SurT ac EEeouS e SRR A Ao R LT g B bR Rs of e e gelmchen of e
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



present from both those condensed fromthe effluent stream and the quench
medium itself such that entrained solids, particularly catal yst particles,
are separwDad/0s1s80 a dilute liquid streamin the quench a@eTiuse2248he 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
condensi ng conponents of the effluent stream for exanple water, which in
certain applications is beneficial t@4further processing in the recovery
train. WO 03/037834 PCT/US02/ 24371 23 In one enbodi nent, about | Oat % or
nore of the effluent streamis condensed during quenching. In another
enbodi nent about 25wt % or nore of effluent streamis condensed during
quenchi ng, .| sabodiaERtwahe te fRfGIDIWRD! Bhe quedclin - sti ||

anot her g?%rggle%génrgﬁgﬁ%tglﬁél&% orbﬁrrg{éewgg thecﬁlgffl uent str% i s condensed 5
during quesdihinng intddoeaddimgfficienanoumerto eavse iepsigent sireanp sPoYY o, of t he

water in the effluent streamis cond ' ﬁn&m}ﬂg freAnOt her
enbodi meriePKbpRglowWsH egrpoﬁ?gn%efraiy eesu\?vgﬁlgga %}b"staﬁgalg#é ‘Uent stream is
condensedst%%“a 'dg}.@jﬂggﬂslgg. In yet another enbodi nent about 75% or nore,

and in sti anot her enbodi nent about 5% or nore .of .t Egl \Aqher in the

ef fl uent st r eal dns cotedipensdheltpmnseries OhRIMEChIBHRTAS §E8HNAT ng in a
guench devi ce, at.|east a ' fnd e ﬁédﬁgd@{w%fohﬂs‘teﬂl raured@3BOuUsS st ate
are separ%‘ieélﬁhfnreg%q%%wgglﬁlg%#ee ctg%onenatas of the gaseoges effluent stream
and ent r ajmednisekid st thhdswast prdshen ipthe spentchitower, and dpees|d yhstantst r eam I n

one aspect of the present inventign, the essur 4 hi i: wash
devi ce, i n@ﬁ@ﬂpﬁﬁleﬁﬁﬂé’ﬁ@ﬁnﬂé\;ﬂ%gﬁu?@ S{}E@EE‘{ %"é‘n%ﬁ%? qP‘é%%%gé'gﬁ’bm ow t he
pressure at 1 | B r b QAR tBey@shch hew&BDa leatiboor and no

| ess thana%?f)ﬁ%lg%%nl%gn%?g%gﬁs'gggllr? anot hero ag;;;{)ectc t he pé%ﬁﬁ‘g{r . Within the

sol i dsy Wakhatiemiabeye whek it effuetistreauésistodnsed,sach that 1t xd B0 psi (345
kPa) bel ow the pressure at whj.ch t f : I eSulifae OTO
reactor aH® tﬁwwd;eﬁﬁgﬁﬁ@fii“’dhlpt:ﬂg t'iihﬁlre gt,sfnjie%r{lﬁgge%t’ (letrg)ot er (gg%lgley "Pt is less

ltha“ 25 PHe i 20t6PR) inkeda0ubis RRD 6 Susghabe whiec hThdguepth kavemt st ream
eaves

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



20 the OrO reactor and above atnospheric pressure, and in still another
aspect it is less than 10 psi (69 kPa) bel ow the pressure at which the

ef f 1 uent worisassBeaves the OTO reactor and above at nosphecCiraspr/assure.
According to one enbodi nent of the present invention, a quench tower is
enpl oyed as a quench device. In a quench tower, the effluent streamis
intimately 25 contacted (i.e., directly exposed in a common vol une, and
not separated by walls as described aBdve for a heat exchanger) with a
guench mediumin the liquid state. The quench nediumis introduced to the
guench tower at a tenperature that is both below the quench nedi um bubbl e
point tenperature and the gaseous effluent stream dew WO 03/ 037834

PCT/ US02/ g43Zd In 24 aiR@htvelHREIMAEM! Be Rimpehfurt oMEBtqupesaediemni t hi n t he
quench tower. The quench mediumis introduced in sufficient volume to
cause t heimfdduoetip aspeedndavisedp i el (¢33 dr posebdowiits dubels ot At the enper at ur e

such that a substanti ortian .of .the effl r.api ondenses. 5
In one enﬁBﬁﬁﬁEﬁ?$H?ﬁ§£?Bﬁ%gbgﬁﬂf%I%E“#ﬁ%a%%@%%ﬁaﬁggﬁﬁ%¥?@hgé¥%% t he

quench msg#l deNiRRiMtodussPRI Aduéhen aaikdin s RBIEH USmILVb G itk bulesiper at ur e
of the e uent streamat the lowest pressure in the quench tower, and

causessa pulstmefeiaaly 1006(5i500) afmotedelaat i bybblespoint, inare prefessbly 2@t st ream
to condense. The quench nedi according to.o0 use, i s

i nt roduced2§°f6r fnl%ée lﬁfﬂfé‘?ﬁétﬁ%flmpo > GYen 8’(92%@8@_‘?“@% @Dﬁgggﬁ)é’ﬁgdé%ove wher e
the effl uﬁ?lﬁggfﬁés{jﬁ%ﬂe;fotié{cgg@?ﬁtﬂgg% mateGefefiBly 130°M(14°Ch 8F ot Blow itst he t over

and be co W uent streamas I1t, or portions of it

i ncl udi ng pubkie pldt,Rd st iax@ﬁeriﬂﬂdeQ%E (8306) Gitradre belovsits titbdesghint hie t ower .
The quench tower typically includes internal elements to facilitate the
intimate donkoaesst messef in e GgBefeAeVisledi um wi th the reactor effluent or

portions thereof, includin I aui i I i devi ces
such ZQ baf f | eglfh&me[%oegtaél_d ﬁ%ﬁ%ﬂﬁﬁlgtogtcﬁ%%%?#ﬁg{t%n?ﬂﬂlgéi Iérl %ﬁil& queﬂr}gh medi um
faci | it at @sadifiaik Rellosah@bpestfid éxaeplesyivhivh atehet intemied to Bt thestope At o a
free- flow ng, dilute,liguid phase and away from at |east a portion of the
prine ol efth@vepjioq 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)




gaseous state. The quench tower usually also include other elenments, such
as heat exchangers used to cool the quench nediumthat is recircul ated
into the Woeaobrs20 tower. In a particul ar enbodi nent, thePgmarson24sedi umi s
water. In another enbodinent, the quench nediumis a portion of the water
that has been recovered fromthe quench tower and cool ed (thus

rei ntroduced to the quench tower), and which contains at |east a portion
of the solids separated fromthe gasé%hs effluent stream In 25 one

enbodi ment, the quench nediumis a portion of the water that has been
recovered fromthe bottom of the quench tower. In one enbodi nent, the
tenperature of the quench nediumintroduced to a quench device is at or
bel ow i ts bubbtempoitiné wette t hePdroviesizepr essure in the quench WD 03/ 037834
PCT/ US02/ 24371 e23hd€eVi ce. | nviagro@ t er nati ve enbodi nent, the tenperature of
t he quench nmedjgin 1 ntroducedpio a quench device is 1F (0.5C) or nore bel ow
its bubble poipy at the |owegy pressure in the quench device. In further
alternatives, e tenperature;gf the quench nmediumintroduced to a quench
device is 5F ( '% or nore belpw its bubble 5 point, preferably 10F (5.5C)

or nore bel ow j bubbl e poini', nore preferably 50F (28C) or nore bel ow
its bubbl e poi even nore preéferably 100F (55C) or nore below its bubble
poi nt, and yets%oen nore preferably 130F (72C) or nore below its bubble
poi nt, and nos?0-Breferably 150 (83C) or nore below its bubble point, at
the |16west pre8&lre in the qukh8h device. 10 The nethod and apparatus of
the present in9&ftion is furtB®d understood by reading the follow ng

speci fic exanpbes, which are 2bt intended to limt the scope of the
invention is utilized. Exanmple 1 15 A feed stream contai ni ng 99wt % net hanol
and | wt % wat er Ths effledntisttb4in &Nin thIAoe phise) wilp dtalhstiffigs antHA(a id4hcat al yst .

The reactor is operated at a tenperature A )
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



of 923F (495C), a pressure of 40 psia (280 kPa), and a 95% net hanol
conversion. Conponents in the effluent streamexiting the OIO reactor, and
their fl oworiaams34 are shown in Table 1. 20 Table 1 Gase®a3/UShit43ent
Stream Vapor, w % Hydrocarbon & Oxygenates, 42.5 25 Water, 57.5 Total
Vapor, 100.0 Fines, (PPM 100 30 Fines Particle Size D stribution (PSD WO
03/ 037834 PCT/ US02/ 24371 26 Cunulative wt% Particle Size Less than
Mcrons 0.01 0.1 1.0 0.2 55.0 0.42710.0 0.5 30.0 0.9 50.0 1.4 70.0
2.9 10 90.0 16.8 95.0 20.5 99.0 27.1 The effluent streamis in the vapor
phase, with catalyst fines entrained in the 15 vapor conprising 0.0 w % of
the entire effluent stream The particle density of the

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.



catalyst fines is 751b/ft3 (1.2 g/cc). Figure 1 shows the percent of
condensed water in the effluent streamversus tenperature at 40 psia (280
kPa). | n wea/gmsshangers and ot her equi pnent downstream f PemIUSaz243e¢aCt Or
prior to 20 a quench device, the pressure is nmaintained at about 40 psia
(280 kPa), but the tenperature of the effluent streamfalls belowits dew
poi nt tenperature of about 250F (120C), as shown in Figure 1. Snal
gquantities of water in the effluent st eam will condense increnental |y

al ong the surfaces of the downstream equi prent bel ow the dew point
tenperature, wetting the surfaces of process equi pnent. The catal yst 25
fines in the effluent stream adhere to the wet surfaces form ng appreciable
gquantiti esLAIM$ud. The formation of nmud in heat exchangers and ot her

equi pnent” decreases their effectiveness and reliability. Exanple 2 The
gaseous effluent stream described in Table 1 is conveyed to a quench 30
devi ce atyabouty 4$ceggr& obRRAIK LRIyl FOROF SatahRBliddiRlth¥idcbvap tGIFO ef f 1 uent
stream given |#) abl e 1, the condensation of "water is prevented by keeping
t he tenper at ur ef thefoxygemateftd bleEintpranesseecompiistnge about 250F (120C) while it is

bei ng conveyed to. uench device. Therefor t t . t he
ef flueht str eaﬁfqvécaﬂg %b%@ﬂerﬁg%ﬁar? gmwrb%ﬁy(%ni%%%) Cg%iﬁ %ggg{/n?%%%np%? a
tenperature of #hRf dirbAEbmptikdaaulid Pudicled and Bgad phagsconpairidg ppinieor t o
entering the quench device. The effluent streamthen enters the quench

devi ce oper at i algfias agd hayingssdg¥eP@IPt; about 40 psia and is quenched to rapidly
cool the effluent s i % of the
%Vel.ltlré E%FIFIE)I% tﬁ? Qﬁueﬂt%%amS@E?ﬁgnﬁﬁfl‘% 4 RafheAhaubr 8R%

water in the ef¥ eam t 0 condense catal yst fines | eave the
remai ni ng gas phagies©ibovbeheafefn peint disingehentemof rembeingthiest; andl | ute 1i quid
phase of the condensed water. Since th

) re i.s a |arge, anmoyn condensed
wat er1Q el at i ve™MeshipgEhe At ST RAN0)ig} Wﬁ?tht@sr?mﬂ‘@osolhg pﬁgfctlefsg}%d in the
quench devi ce. B NERb&f LS [ifmdfgngaseous ef fluent streamremain in a
gaseous

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.



state and are separated fromthe dilute |liquid phase conprising primarily
condensed 10 water and catalyst fines. Wiile the invention has been

il lustratwo oa3®aescri bed herein in terns of the advantag@sI/sezatares, 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. O her

nodi fi cations and i nprovenents can be nmade wi t hout departing fromthe scope
of the 15 invention. WD 03/037834 PGP US02/24371 28 CLAIMS 1. A process
for controlling accunul ation of catalyst solids in the recovery train of

t he oxygenate to olefin process conprising: 5 providing an effluent stream
froman oxygenate to olefin reaction, wherein the effluent stream

conpri sess sol i dh@potéss bslaand, whggeis thhefflactatrtan nomprigesipoepylaleef kms and
havi ng a dew point; renoving heat. fromthe effluent. stream whil

mai ntai ni ng a %IE%&PEQQW@X’ Bf mPFsedt tﬁ%%fﬁ]ﬁﬁ&§ge%8vgu‘{lﬂ%wﬁﬁa %?ﬂideduri ng the
step of rem)vi%iaggt; and 10 washing the effluent streamin a solids wash
to renove soli articles from effluent streaminto a wash nedium 2. The
process of claim1, wherein the effluent stream conprises prime olefins in
an amunt_ of 40w % or re. of the effluent stream excluding.wat.er and solid
15 particles. ghe Wéesﬁgg&@é%ﬁb‘fﬂ%?l&it%’? %ﬁ“&ﬁé&%@% YRR PrORAT Y PR am
conprises pri Ng,eh@fridpsnd fom 20waAB MWDk of hatedunt TRkt &lchiding Wittt uent
stream excl uding water and solid particles. 20 4. The process of claiml1,
wherein the ef #idsohd petickkam conpri ses ethylene in an anount of 20wt % or
nore of the effluent stream excluding water and solid

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.



particles. 25 5. The process of claim1l, wherein the effluent stream
conprises ethylene in an anount ranging from20w%to 70wm % of the

ef f| uent woros@sisexcl udi ng water and solid particles. WO @8TOZIB314871

PCT/ US02/ 24371 29 6. The process of claim 1, wherein the effluent stream
conprises propylene in an anmount of 20w % or nore of the effluent stream
excluding water and solid particles. . 5 7. The process of claim1l, wherein
the effluent stream conprises propyl etffe in an anount rangi ng from20w %t o
70wt % of the effluent stream excluding water and solid particles. 8. The
process of claim1, wherein the effluent stream conprises water in an 10
anmount of 25w % or nore of the effluent stream 9. The process of claim1,
wherein the ef Thepnicestof elaim ¢ owherkindhe viflient siraaranomprizeswatatyahgi ng from
40wt % to 80wt % of, the effluent stream 10, . T [ s af claim1,
wherei n the ef partigiss 1%&%%%3@@5@’%?@%‘%&%&&? eﬁ&ﬁ‘&i ng from
SOwt % to 65w %of,fhe effluent stream 11. The process of claim1, wherein
the effluent stream conprises oxygenated hydrocarbons in an anmount ranging
fromO.2wt % to 30w % of the effluent 20 stream excluding water and solid

particles,_ 12._The process. of c|ai.m erein th f.1l tream

conpr igsesissol i Fdrhf)B?‘{gFﬁf'logglsé“?a’ “é(herg%ﬁ%?ﬁfg?ntﬁrrf%c&ngl}gqséggyg the effluent
stream 25 13. ,JiigleR iPHLSSouRE rableRigTroka 0\08WEL o 0.neweh b therftihsint eam
conprises solid particles in an anount of O O OMm % or |ess of the effluent
stream WD 03/ §i3@884 PCT/ US02/ 24371 30 14. The process of claim1, wherein
the effluent stream conprises catal 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 from0.O0OwW%to 0.15m %f the effluent
stream 5 15. The process of claim1l1l, wherein the effluent stream conprises
cat al yst wpaswsmBe£s in an anount ranging from 0. 003wt % t o PQT/USOLM3% of t he
effluent stream 16. The process of claim1l1l, wherein the effluent stream
conprises catalyst 10 particles in an amount ranging fromO0.005wt% to

0. 05wt % of the effluent stream 17. The process of claiml, wherein the
ef fl uent stream has an effl uent ter‘rp%lrature of 200C or nore. 15 18. The
process of claim1, wherein the effluent stream has an effl uent
tenperature ranging from200C to 700C. 19. The process of claim1, wherein
the effluent stream has an effluent 20 tenperature ranging from300C to
600C. 20.27he mhegamsssdbr clhiai Mvihersih dreaitep dffremedihf hemtcosipriemm has an
effluent tenperature, rangi n% from 350C to 550C. 25 21. The process of
claim 1 wherei FFRMENSRSAL FHRODE OF BQFF Fr‘ﬁ?‘g?&erwat er and hydrocarbons and
has an aqueous dew poi nt and a non-aqueous dew point, the aqueous dew

poi nt bei ng higher than the non-aqueous dew point. WD 03/037834

PCT/ US02/ 231371 Th8 prk2ss of leknip 28 cebereihdhe tshperature ofithercEiuent $teeagtiep of

removi ng heat conprises renovjn t,wt ne or nore heat exchanger. 23.
The pri{;cess of MAL ?lﬁf‘g?t,atﬁﬁ@?réjf”ﬁg?%gétag%ee&ﬁ%ﬁ?’é’oﬁ‘ftpflﬂ‘étogﬁ‘? ?tﬁ%ﬂf streamis
5 mai nt ai ned ag,\,aghih%nperature of 3~C above the dew point prior to the step
of washing. 24. Theé process of claim22, wherein the tenperature of the
effluent streamis

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.



mai ntai ned at a tenperature of 5.5~C above the dew point prior to the step
of 10 washing. 25. The process of claim 22, wherein the tenperature of the
ef fl uent woroe@ssds mnai ntained at a tenperature of 10*C alrerassohesddew poi nt
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 conmunication with the one or nore heat exchangers and the solids
wash by a conduit. 20 27. The process320f claim 22, wherein the step of
providing an effluent stream further conprises: providing a feed streamto
t he oxygenate to olefin reactor, wherein the feed streamis used as a
cooling fluid in the heat exchanger. 25 28. The process for claim 27,

wher ei n tdte cophd p@césk of clains 1 boidreid thd tohidn wakteishemenchewokanger . 29. The
process of claim1, wherein the wash mediumis water. WO 03/037834

PCT/ US02/ 24371 32 30. The process of claim1l, wherein the solids wash is a
quench tower. a3,ceks R fo%ﬁéiné@feﬁ%,%’é‘ 0B&s RbRbGAg tHehGeRloPCESS conpri si ng
the steps of: roviding an oxygenate feed stream 5 reacting the oxygenate
feed stream i npohiliny eseygenatd fead stegaal;yst to produce an effluent stream
wherein the effluent stream has .a dew.pgint and conpris an, alefin

cont aiPni ng gasreﬁ?l%@eth%lHﬁy%?ﬁ%tﬁ?‘ifgtsug%’il iug‘&e PEERBSF %ﬁ%ﬁgklfgﬁp&ﬂ?‘fﬁ%‘mef f1 uent
stream whi |l e ngRLRisHenE, Wieeih SROETIéM kReMh had Heevepdihtiaii costpigammbove t he
dew point; and 10 contacting the effluent streamwth a liquid to separate
the catal yst soefidsoftpioing gahphaseand patelypiseliAt;ng gas phase.

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.



32. The process of claim 31, wherein the oxygenate feed stream contains

nmet hanol . 15 33. The process of claim32, wherein the catalyst is a

nol ecul arweioemsrseat al yst. 34. The process of claim 33, wireraisn2/e43el

nol ecul ar sieve catal yst conprises a silicoal um nophosphate nol ecul ar
sieve selected from SAPO- 5, SAPO- 8, 20 SA-PO 11, SAPC 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, 38he netal containing forns thereof, or
m xtures thereof. 35. The process of claim31, wherein the step of
contacting occurs in a quench 25 tower. 36. The process of claim 31,
wherein the step of renoving heat is acconplished using a heat exchanger.
WO 03/ 037334 PETd p46624 38ddil 3@ H1Bein Heoxpraneseditraleis ms&6ss avher ei n t he
oxygenate feed streamis used as_.a cooling fluid in the heat exchanger.
38. The proceseobing &by imtheheatgkehaiss’t he oxygenate feed is boiled in the
step of 5 renoving heat. 39. The process of claim31l, wherein the'step of
reacting occurs at a tenperature ranging from200C to 700C and an

oxygenat esgpar t Tlad procas sficleino3 7, abwatin the qyygenaty fead iseboilgdisire stehe@f pr ocess for
claim31, wherein the step of reacting occurs at a tenperature ranging
from 350C to SSOOVHIENeEhH oxygenate partial pressure of about 1 psia or
nore. 15 41. The process for claim 31, wherein the step of reacting occurs

at a tenperature ranging from200C to 700C and an oxygenate parti al
pressure 3 grBlg 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;



than or equal to 140 kPa. 42. The process for claim31, wherein the step of
reacting occurs at a tenperature 20 ranging from 300C to 600C and an
oxygenat ewpasiamB4 pressure of greater than or equal to 2@®cCpdisa24831 The
process for claim31, wherein the step of reacting occurs at a tenperature
rangi ng from 350C to 550C and an oxygenate partial pressure of greater 25
than or equal to about 140 kPa. 44. A process for producing olefins, the
process conprising the steps of: pr(%i di ng an oxygenate feed stream WO
03/ 037834 PCT/ US02/ 24371 34 reacting the oxygenate feed streamin the
presence of a catalyst to produce an effluent stream separating catalyst
fromthe effluent streamin a cyclone separator to produce an effluent

st ream havi ng raadt@ignks atyyesatafidd ctegm irsthe graendel ofhicatatystogirodurg an5 gas
phase and catal yst fines; renoving heat fromthe reactor effluent wherein
t he tenper at urdl!PEHEIFAY above the dew point of the effluent stream during
the step of r I t I Qi xeyere; cand washi ng
catal yst fi negsgpér@g{r}ng% E@ﬂg?tfffbl%ﬁ%e%gﬁlﬁgﬁ]ri n geagcglg goglg %ﬁaﬁ&ttg%ﬁg#ove 10

sol i ds from t ha effleéitstreomhaiing ntprgmsatpraage 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.



