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EFFLUENT VAPOR STREAMS FROM OXYGENATE TO OLEFI NS CONVERSI ON TO CAPTURE
CATALYST FINES FIELD (0001] The present invention relates to treatnent of
product streams from processes utilizing fluidized catalyst, such as
oxygenat eyl @>Qlsfi 409, Processes (e.g., -MIQ, etc. BAG(G?OPJWUSF'QQB%]J“G efins
are traditionally produced from petrol eum f eedst ocks by catalytic or steam
cracki ng processes. These cracki ng processes, especially steam cracking,
produce light ol efin(s such as et hyl ene and/or pro {/}I ene, froma variety
of hydrocarbon ¥ TAEHNG OF ﬂaT&HWf&I£ 12 ERMJoVARQR cormodi ty
pet r ocheni cal sSSTREAMS| FROMOXY¥GENATE I QISEEINGS CONNERSIONTO cs and
other chem cal conpounds. [OARPIURINECARAYNSHIENES i ndustry has known for
sone time that oxygenates, especially alcohols, are convertible into |ight
olefin(s). There are nunerous technol ogi es available for producing

oxygenat es [EIEL#Ying fermentation or reaction of synthesis gas derived from

nat ural gas, rol eum, | i qui ds. or ..carbonaceou terials including coal,
recycl ed pl &%@qis rrumhgipgﬁ en(?\)é‘é’?’é"o&rreg%ﬁ%oglfeﬁé eq%rogé’ﬁ? Cﬁtfeé"msgéf(.”g

General |y, gmewe%uﬁ&ﬁlgm@aizweétﬁl@ﬁ; Sudhas dxYEalNefo-Blefif Prosalds QB gl €act i on
of natural gas, nostly nethane, and an oxygen source into hydrogén, car bon
nonoxi de an®BP),e&r bon di oxi de. O her known syngas production processes

i ncl ude conventional steamreform ng, autothermal reformng, or a

conbi nati on thereof. [0004] An inportant type of alternate feed for the
producti on i fins is oxygenate, such as, for exanple, alcohols,
parti cul arI%fA(I:K@KO iml]jad et hanol , dinmethyl ether (DVE), nethyl ethyl

et her, di et ipggo2gt her, Qlefimt bl tradifisriatinagreducad dromt fepioldumi feddstockdby of t hese
oxygenat es may be produced by fernentation, or fromsynthesis gas derived
from nat ur acaigly§ic opateaR) Earking Poresses. Hhesp SHREHIAS PEOGsIcEr FsRPQally ﬁgfemdi ng

coal, recyc l(:l%%kl?llgﬂﬁ%}i&se light Ble?fn?s{ﬁ‘l sulffat &fyleRE aftDer }?1%8%%967, Jff%l?npa ’:/ariety

of hydrocarbon feedstocks, Ethylene and propylene are important commodity

petrochemicals useful in a variety of processes for making plastics and other
chemical compounds.

[0003] The petrochemical industry has known for some time that
oxygenates, especially alcohols, are convertible into light olefin(s). There are
numerous technologies available for producing oxygenates including fermentation
or reaction of synthesis gas derived from natural gas, petroleum liquids or
carbonaceous materials including coal, recycled plastics, municipal waste or any
other organic material. Generally, the production of synthesis gas involves a
combustion reaction of natural gas, mostly methane, and an oxygen source into
hydrogen, carbon monoxide and/or carbon dioxide. Other known syngas
production processes include conventional steam reforming, autothermal
reforming, or a combination thereof.

[0004] An important type of altemate feed for the production of light
olefins is oxygenate, such as, for example, alcohols, particularly methanol and
ethanol, dimethyl ether (DME), methyl ethyl ether, diethy]l ether, dimethyl
carbonate, and methyl formate. Many of these oxygenates may be produced by
fermentation, or from synthesis gas derived from natural gas, petroleum liquids,

carbonaceous materials, including coal, recycled plastics, municipal wastes, or any
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mat eri al. Because of the wi de variety of sources, alcohol, alcohol
derivatives,_ and %ljg,e oxygenat es have prom se as an nom cal ,

*non- pet r ol eutfiPRY r light olefin pr o&iucti on. Me nol, the preferred
al cohol FEqyg ko 7oob'dk-ind “BEbdutt i on, is Typically synt hesiTnestodwmamhe
catal ytic reaction of hydrogen, carbon nonoxide and/or carbon dioxide in a
nmet hanol reactor in the presence of a heterogeneous catal yst. For exanple,
in one synthesis pr SS le | roduced usin C / Z] xi de
catalyst in UEREY errn-gt%gio e}%&%ﬁﬁﬁgr {h%et“ﬁ%cno a%ggeggtsg%0%$hggg§@f édrlébg](??pr ocess

for convertidgivatii@east obkr 60/enhits RGvaBloRAROLs b bdnoRiica) MonApet®lednef i n('s) ,
primarily ethylene and/ or propyl ene, involves contacting the feedstock with

a catal yst conpssfor light. ol¢fpopsidugtien. ddethhyalt heusefgred alsebridpelighfecoledmyer si on
of oxygenates to .. olefins.are pol.ecular sieve catal ysts cause et hyl ene
ond ) aoT R roetions S e sSnBHE LBl B FARER LY B BRI S BRR
resear ch hasyfasysedn®Br \WadbonCabaldés s adf@thalieIs }eaa%}%tﬂg&epr%&neé togl gne

and/ or propyl ene, and on nethods for increasing the |if and selectivity of

t he cat al ystistérogakbyd eaelyaind/ oo pxappleeme. ore06pBhesBapricgss megrapoksses

utilizing fluidized bed technpl ogy .for onversion of hydrocarbaon o
oxygenat es iﬂQg‘I‘VﬁHﬁméa% PQQHeF}a?EICC i fl%\é:?‘iaf?’ L4 8 “"W"d@“iﬁ“ﬁ@éﬂlaf H‘qﬂ?‘?dlﬁit ry for

producti ons af petypl ﬁ%@@gﬁ@e&%¥ §mn\f:eptﬁ{§ £ f%Ledth&dconﬁitiﬁg 5 %e@ﬁgogfon{ﬂ?g

industrial materials. gaseous reactants are contacte

cat al yst pardrearaesort olefin(), pamadlyetindenr aditetpsopyferehinpoveesagsctinzttbel use
continuous catalytic reactor unit operations, requiring catalyst

regener at i orfeadstagkgrth § edesieopmesitiotc, Mro and ot her processes usual |y

epl 0y OXi daghs " ISR Ol | &P YE ik S0 Rt hSbn S RARBERRLS, deposi s

from spent ilibriumtc ese operati ons o

conbusti on ajlefikOard HivlecaRt biehaeganstsBeiRise SBPRAE bl pPyleie afAhamest during
t he conversion reactions. Odinarily, this regeneration is carried out in a

regener at i orsoughisdier progasta pbsucharmeat i, resesich has Wicnsed onewrhat salelysis.arevt tri ti on

of the catal yst rticle an oceur duking irculatien.of the catalyst into
aral | er  pa (et gEeg ety B iE AB6RK aromiR T o B Pt fretstl BRI e or
e, the | araasicopanlfthecAilyanss omyich0aATb: Fapyvanor ous product from the
reactor typically contains entrained particles such as catalyst fines
carried fron0f®@ processalyRenpvedesses sudizingar flvidized bed technology for

conversion of hydrocarbon or oxygenates involving gas-solids contacting are
widely used in industry for productions of petroleum-based fuels, chemical feed
stocks and other industrial materials. The gaseous reactants are contacted with
solid catalyst particies to provide gaseous products. Such processes often use
continuous catalytic reactor unit operations, requiring catalyst regeneration at high
temperature.  FCC, MTO and other processes usnally employ oxidative
regeneration to remove coke or other carbonaceous deposits from spent or
equilibrium catalysts. These operations often utilize combustion air to bum
carbonaceous matter deposited on the catalyst during the conversion reactions.
Ordinarily, this regeneration is carried out in a regeneration vessel separate from
the main fluidized bed reactor. Attrition of the catalyst particles can occur during
circulation of the catalyst into smaller particles of, say, less than about 60 microns,
in overall diameter, i.e., the largest particle dimension.

[0007] The vaporous product from the reactor typically contains entrained

particles such as catalyst fines carried frons the process. Removal of such particles
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/111 9 34 1 is desirable inasnmuch as these particles can cause erosion and
pl uggi ng probl enms for_downstream equi prent, e.g., suckion druns,
conpr essor s,20pIRAFEAPR, es, exchangers and pi pi ng. mately, the
part| cl eﬁw’@%cmli’ﬁnyﬁ fig vtg,;l‘nj,glas@es to anbient atnospher chls Qhﬁ,p.gﬁﬁl

g., through a cyc one used to separate solids fromgases. /iccor
vvoul d be desirable to provide an econonical nmethod to reduce or
substantially elimnate solids such as catalyst fines fromthe pr oduct
ef fl uent at 1a ds@rah e ippsmvely A8 gﬁs%mﬁlﬁlﬁﬁﬁ%n E3HisE crasiPnpdRingg gl Pplant h
solids. [0008],U. SrePaterht it &lc§84 49 Ku%chl er 0et all1 d| $ ¢eoses a
process for ° oq?\)”é}sf ﬁ]a %%(y%enat e§ 't B RS CPRPIEEY é%tppm%duc 5Uenchi ng
for heat recQ¥Rincer@Rfld tﬁi’pxhﬁf/lpUﬁMﬁatél?afthd Phgigledtth @ be [RARE] with Sas&atent Nos.
6, 403, 854 and 6, 4%5 ler et al. disclose a process for converti ng
oxygenat e t mmblglhl.t atumsphems feni dlbpasnhalecg/,eﬁhrmhta cmmeusyd 16 soparate sotids
ef fluent streans -and | waste re m ni m zes _overall
utility reqdf9mBieReSs Ac%ﬁ‘@ gi}édt( B’Pulgfbfq &Féﬁgbl¥§° aﬂ%‘ﬂ‘&%@aewmﬁ“%% us
streamin a ¢ Wosilageubbiafts ctliﬂuf‘lﬂe'sbh&saé&hta@%aﬁﬁ@?ﬁﬁéé £0mOhe Bysiueear bon
gases fromany entralined cafalyst fines, as well "‘as to renpve water and any
heavy by- preffluaitai apoint apstfeér dfiednipesnbthascanbepdaniagedbptudhivelidast e wat er
stream w thdrawn fromthe bottomof the quench tower is recycled to the
quench t owerl0898] a poi HtS- %WEN%@II%W%W?E%@W eb ek diseloses apicpessdeiced t o
t he gquench towe mmﬁ

streans thatcogv ﬁbsygéﬁeglrtﬁ%?&@rsgge}“ﬂ;?ﬁ &’?(? f Eﬁllﬁgg%fhfog ?té-g olv(r%év lrlegg!tgr

ef fl uents. [agglglmﬁdveqfeattlhﬁgﬁﬁ@ye references are incorporated herein by
reference in their entirety. SUWARY 001 I n one aspect, the invention

relates to 40@0%cess fUS. PaieneNes. wefd03a3dqe %59r,Q99dDé~ﬂlllﬁsclwﬂl dbclessrepr i ses:
(a) contactin feedstock conprisin g act conpri si ng
2 ol ecul ar VRS (BhETV BT AR e fli@ft ‘58 tso wihoiter s Relaero oY o

c?t ?I yst havidly ©aBPREGRAY SuEEROShi Sinféved Waae%&ovegormﬁa@ infiginsiaéd

ol ef i ns;

overall utility requirements. The reactor effluent is quenched with an aqueous
stream in a two-stage process to facilitate the separation of hydrocarbon gases
from any entrained catalyst fines, as well as to remove water and any heavy by-
products such as Cgt hydrocarbons. A portion of the waste water stream
withdrawn from the bottom of the quench tower is recycled to the quench tower at
a point above where the reactor effluent is introduced to the quench tower. The
references do not appear to teach the use of liquid streams that are substantially
free of catalyst fines for treating reactor effluents.

[0010] All of the above references are incorporated herein by reference in

their entirety.

SUMMARY

[0011] In one aspect, the invention relates to a process for converting

oxygenate to olefins which comprises:
(a) contacting a feedstock comprising oxygenate with a catalyst
comprising a molecular sieve under conditions effective to produce a
deactivated catalyst having carbonaceous deposits and a product

comprising said olefins;
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PCT/ U 521104/ 019341 (b) separating said deactivated catalyst fromsaid

i epar at ed vaporous product whi cont ai ns cat al yst
gﬁfgﬁéﬂ?‘ﬁ%“l d separated vaporqus product th aliquid medium

product to
fines; (c)

cont ai nifhgowabsar 7em

Bcathfstd i nes, in an amount suffi cheEntsthowéosm a | i ght

product fraction conprising light olefins and catalyst fines and a heavy
product fraction conprising water, heavier hydrocarbons and catal yst fines;
(d) treating saigJig ﬁ%’% L= I i it Lqui d

ly fr gbe) of Q%%e?gt S Eq P%\aecgg"st%@g?tg Fttcj%&tgaﬁdgﬁlf%dﬁ%to@&g?%fi ?écti on
having reduced gefardtyé vapdro&SproOit: @michasdaitaing dati < fihks;acti on of increased
fines content; ée) conpressing said |light product fraction having reduced

subst anti al

catal yst fines

conpr essed

Ont edueENciE $AG sepasHod VARRIOYaPWdLeighith ¢l beyid sngdiem sai d

l'ight product fraction. [0012] |In one. enmbodi ment of {.his aspect
of the invention® PR \&’ﬁﬁeﬁ.niﬁ%@?% e }]f Deamoit Bll%gﬁpgﬁi/%’{mﬁh i's
selected from t hgrget Bra6iuts tsthpRéng lightmelchias ahd aath Rt 1R land [ORdatl, | N
anot her enbodi nent, the liquid substantially free of” catalyst finés is at

| east a portion pfodubefridimdspopkisingrvmtérshenyrayhydmaabens attvecataysd fineg; k
oxygenate can.be heafed by .the_.treatjng. [0014] In still another
t he E@at e(ﬁref"é‘éﬁjﬁlgcﬁ&l}ol?%ij‘i‘gi ﬁ@cuoﬁx%gﬁa{“@@% g ta ﬁ‘é‘é_ with the
catalyst compr i skiguhRy §8LbAEaHS ffhes lo SrovideNietl SdGE: {x%%i%ﬁth‘i@fﬁg' s cycl ed

to a reactor wherein oxygenate Is convert

conpri si ng
enbodi nent,

to ol

15] I nTyet

anot her enbodi memductd eatalygtiifohes wbatecantandld Yighide factfonc af dhgrsdsed ffimess i s
by- product water fromthe contacting of the oxygenate with the catalyst,

whi ch by- product 0% is condensed in a recovery unit and treated to reduce

catal yst fi
subst anti al

cont ai ni ng

'y o r0g of conpArORE st REh! prot BEEuGTRAMR oGl Bl %o

to nmake steam [ @@ds/dori¢htSdnd | yet anot her enbodi ment, the |iquid medium

) recovering said light olefins from said compressed light product
fraction.
[0012] In one embodiment of this aspect of the invention, the liquid
substantially free of catalyst fines is selected from the group consisting of
methanol and ethanol.
10013] In another embodiment, the hquid substantially free of catalyst
fines is at least a portion of the feedstock comprising oxygenate. The feedstock
comprising oxygenate can be heated by the treating.
[0014] In still another embodiment, the heated feedstock comprising
oxygenate is contacted with the catalyst comprising a melecular sieve, i.e., the
heated feedstock is cycled to a reactor wherein oxygenate is converted to olefins.
[0015] In yet another embodiment, the liquid substantially free of catalyst
fines is by-product water from the contacting of the oxygenate with the catalyst,
which by-product water is condensed in a recovery unit and treated to reduce
catalyst fines content.
[0016] In still another embodiment, the liquid substantially free of catalyst
fines is taken from boiler feed water used to make steam.
{0017] In still yet another embodiment, the liquid medium containing

water is derived from quench tower bottoms. The quench tower bottoms can be

»



.

water is derived from quench tower bottons. The quench tower bottons can be
2003BO71APP.co 0 Pwo 211115/11171172' 1'-N,: A ;;;r!L.~L. i~ _ - 5
PCT/ 115211114/ 1119341 passed through at | east one of gquench heat exchange

step and a wiR02PUAAPHAE| separation step before bei cycled to the quench

tover. [ Qs lodsinyes! idnotheriepiodi ment, the quenching t akggsphad@sin a

.quench tower wherein the |iquid nmediumcontaining water is introduced above

where the separ ated vaporous product is introduced, and the treating of the
l'i ght product ctign contatln a |iquid substantially free of
catal yst fink&s ‘?ﬁ%@'ﬂ]‘? q%/aﬁf g H%Wgnﬁ’e?to%im’iﬁoﬁt@ et &'a{eﬁé“q g‘ﬁ'ﬂ[ d medi um
cont ai ni ng Glatibs | st fd?gﬁglﬁgb%&%%e gﬁ'en%ﬁttoﬁéﬂ |1 anot her enbodi nent, a

l'iquid draw device is place ve where the |iquid nmedi um cont ai ni ng wat er
i's introducef018y om Wh[n:j?ct|anqﬂnbdedeicBmedE\llnecqa.ldnbEngItﬁltﬂsdal:icleantal q@rndf
increased fines content is taken; and the liquid  substanti all}/ free of
catal yst fi n@gver whepain dpfiqnd medpm sprpnggovaler Hdnirpdused abpvWhersdhce.

Sui tabl e 1! ol gl EN:CBRa A ool leh " PHESEI L INERL! A e draw

trays or dr aw pan i 'mmey i me y consists

of a flat, fedtiod Py e:cﬁtaaingmlml aqmmitechmnmlm fedeantl astdlysio WRe0 GBdurand
containing chimeys or vertically hollow structures that convey the vapors
upwar d t hr ouyihint e ayengh tpwenehovenwherst terliqngh Jaediemt comdaipingowater dui d
contacti ng surfﬁg is placed between the liquid draw device and where the
liquid subst BHP acleldy free of catalyst fines is introduced. Any suitable

vapor - | i qui djpp@git act i Nth §etr §tAF enéBer BaboEREnt, & Uquid @AY BEWQY depldbyd at | east
one material selected fromthe group consisting of random packing,

structured paoke m@memwﬂletlmgﬁmeégmtmng watas\im intedubess droof wilchiliquich t he

art. 100211 In od| em sting .d vice | pl.ace above
where {he |.%faw Sins P iRt f5Fopnl Threashd SRR onPitas Wieh T wRUEBE [o0921
In still ano éb%ﬁ&ata?&%z%%%ld@ﬁcé@!ﬁ% Bhﬁ%ﬁoéé“th% lﬂiﬁ?d‘ﬁﬁw tower
wherein the qwd medi um confaining water is i ntroduced above where the
separ at ed vageviceuSujpatdel liguidi draw mievicekufoe aise anidie tphesent matntiog influddhdraw ght
product fraction occurs domstream of the g]@ench t ower.. 50023 In still yet

anot her embo@Y¥HeRray panty FECIL RS YIS 485 1A ERTHISY dray typically consists of a

flat, solid piece of metal connected to a standard downcomer and containing
chimneys or vertically hollow structures that convey the vapors upward through
the tray.

[0020] In another embodiment, a vapor-liquid contacting surface is placed
between the liquid draw device and where the liquid substantially free of catalyst
fines is introduced. Any suitable vapor-liquid contacting surface can be used, e.g.,
one provided by at least one matenal selected from the group consisting of random
packing, structured packing and trays, as are well known to those of skill in the art.
[0021} In yet another embodiment, a demisting device is placed above
where the liquid substantially free of catalyst fines is introduced.

[0022] In still another embodiment, the quenching takes place in a quench
tower whereln the liquid medium containing water is intreduced above where the
separated vaporous product is introduced, and the treating of the light product
fraction occurs downstream of the quench tower.

{0023] In still yet another embodiment, the quenching takes place in a
quench tower and the treating of the light product fraction at least partially occurs

downstream 1n a suction drum.



guench tower and the treating of the light product fraction at | east
partially occurs downstreamin a suction drum 2003BO71APP.r) ~ fl'-"WD
21)1)5/1) 17417211L.jr.is "'::11 .1 4.1 6 PCT/U521N14 111 9 3 4 1 100241 In
.yet anot her 2200871 t he quenchl ng takes place in #uench tower and the

treating i«QVO?IIQIQII)Il‘mgmLW r qdyctuf gaction at-feast partia *ﬁﬁ%(ﬁmngﬂ\‘mst ream

of the quench tower in a first stage suction drum Typically, a  vaporo
effluent fromthe quench tower is directed to a suction drum i ntake from
which liquid is renoved bel ow the intake and a vaporous qverhead taken from

the top of 084k uct i obt ¥rtiAmothRh eERodignegt, ﬁ]é%ﬂ‘&?cb’@attﬁleﬁsdﬂﬂﬁ?r‘@s%ﬂ?f@%t ep. The
l1quid S“b‘;]f gl f{rgﬁnﬁ o?qgé‘lﬁ”oﬂ E‘&Eﬁ? ﬂfagaé%pdtcl%ﬂt e?érﬂﬁlb?%&ﬁg to the

suction drum’above e suc Fum i

enbodi nent, gowisgesm! bfiwhel quendhaeddidinSbrfirscetaks supli@c eBuBetMpralyher e the

liquid substanti al | y free of catalyst fines is introduced to the suction

drum and t hevmmuwﬁﬂ@m ﬁoiﬂhﬂtfléblenqih@“\??aﬁ(ﬂdmﬁed@@ sgefiomadmunniptakgrffare can
nt _surface

Cear Taui avhigs TabE s RemBleY bR dnd e Sl BvaRons STl ek fbmte o1 f a

sel ect ed froﬁFtJTthrsﬁbtPon GAns)] ﬁflﬂdﬁglscﬁlrcfzﬁﬂqgrﬂn@%ﬁfﬂpf&smstsrtétptﬂfe Rd@cking
and trays, ch are well known to those of skill in the art. 261 In one

embodi ment  ofubktantalhsipecef aialysh éinps 83mtallynnmnducatﬂtto thleeuctprroalmamtmrél izes a
cat al yst CO%I Si nogﬁgml ecu ar sieve selected fromthe group consisting of
ALPO 18, ALPOesuct %lﬁ CSAPO 18, SAPO- 34, and SAPO- 44, as wel | as
substituted ps th Bt sdle,%b% rdl elssailey

10027] In an@bﬁ‘g| nt 0 er”ﬁhg&de@pect o) h@uﬁtvent‘?‘o SurEAE% ui d
medi um cont aplmddgae'tM@arwhﬂd ticaliqlig stibstannely ﬁembﬁttanﬂyatﬁﬂeemlhtrammeﬂ t@ 01 wm %

catal yst fines and the |I%CII d substantially free of_ catal yst fines contains
| ess than attistﬁtct@ncﬁruwm he awlsoe qriumdatak E_Ldﬁlﬁg’]apt)lnh%ltlﬂICPnt&ﬁthﬂéFface

crbod! Tont 1% AT RADSE RS LR,E oD 581 SUB g
of catal yst édnth%ﬁngettﬁf@enfanlbeq:so\hham)adm&atst &1&ﬁiteﬂlhl%eﬁa%te@| ﬁ‘@h thd gro6s -
consisting of random packing, structured packing and trays, which are well known
to those of skill in the art.
[0026] In one embodiment of this aspect of the present invention, the
process utilizes a catalyst compnsing molecular sieve selected from the group
consisting of ALPO-18, ALPO-34, SAPO-17, SAPO-18, SAPO-34, and SAPO-
44, as well as substituted groups thereof. The molecular sieve is preferably
SAPO-34.
[0027] In another embodiment of this aspect of the invention, the liquid
medium contaiming water and catalyst fines contains at least about 0.01 wt%
catalyst fines and the liquid substantially free of catalyst fines contains less than
about 0.01 wt% catalyst fines.
[0028] In still another embodiment, the liquid medium containing water
and catalyst fines contains at least about 0.001 wt% catalyst fines and the liquid
substantially free of catalyst fines contains less than about 0.001 wt% catalyst
fines.
[0029] In yet another embodiment, the liquid medium containing water
and catalyst fines contains at least about 0.0001 wt% catalyst fines, e.g., at least

about 0.00005 wt%, and the liquid substantially free of catalyst fines contains less



[0029] In yet another enbodiment, the |iquid nmediumcontaining water and
catal yst fines contains at |east about 0.0001 wt % catal yst fines, e.g., at

| east about 0.00005 % and the liquid substantially free of catalyst

. fines cont aizﬁ@ﬂoéb‘d’P-Z‘BBonAPP. d '"Ir B.:f; n -7 ""ugt~ ~'~ ~1~"00 -~
PCT/ US2%3 A b B 29051017072 “t'han about 0.0 o bddealy st
fines, y‘ébﬂ’ﬁ%‘i‘?ﬁﬁan abgut 0. 00005 wt % catal yst fi neg%ﬁ/g%%of@f E?;Jlanot her
“aspect, the present invention relates to an apparatus for converting

oxygenates to ol efi ich conprises: a fluidized b reactor for
contacting a3y g@?&d‘ﬁ%"r??%ﬂ %g%ﬁaﬂ@sW%‘halﬁ’uéﬁg)é’pggt“’t%‘b%?]iygi ng a

nol ecul ar siggye under conditions effective to produce a deactivated catal yst
havi ng carbonaceous deposits and a product conprising the olefins; a

separ at or f ¢o03(gepar atlh ngothleaspeatc thevptasht Onieatliyisteldteom amepparadsidér t o

provi de a separated vaporous product which contains catal gst fines; a
quench t oweCORYATIBE OR¥ERNAIS tip olelinsy wihigheepmpipwss oa Spdised ded viprqion 191 qui d
medi um cont ai nj t cata ' i1.an n i£lent for
orming a | Coneoiheld dbeafBl ithnttle oxiBilie It SHBNY, SRLELY | o
fines and aphfssiarPEiefk Gihdér aGidiaensC effedtive a0 pysdues .a leadivaled batsliyeicar bons
and catalyst fines; a treater for treating the |ight product fraction by
cont act i ng Wwevinggatboguicaussdapesitannida produt cempfisipgthe glsfing; iaseparaior fitovi de a
i ght product fraction having reduced catal yst, fjnes content and liquid
fraction of SCRFEE Ed%?cﬁggtego?f&%@; ggmcgﬁp}/’é%d%%r tp o?rolé‘glﬁp? es'fg?rﬁ&%t he 1i ght
product fraghifBus PRYLAGVEIEH B&RGNG dhidly¥Stinds! BefefNbaet for%@n&nﬁ%faﬁver y
train for recovering the light olefins fromthe conpressed |ight product
fraction. [@8gstjted vaporeuepivdditmenh ,a lidied apphrmatoestaining veatercandpedtslgst: a | i ne

to recycle_at |least a portiaon o he.liqguid fraction. of increased fines
content to f‘l‘?@s”?éﬁé’ér’(?}‘.tsf’g'%fﬁ?]t f%#%anaeﬁgl&r% chifagtion ¢RMpHIRG E{Slﬁfs further
conpri ses: r [ I - . -he reactor
and & 1 oat SIS AR aHianRhes Bla £ARASTTOR ek CiFbulRl Hartr ARG
condensed b¥iydoostbots mal etalydt @nds]a trentat fiol treatingt the tighnppodudeirdction e

apparatus further conprises;, a ] _ .
contacting with a liquid substantially free of catalyst fines to provide a light

product fraction having reduced catalyst fines content and a liquid fraction of
increased fines content; a compressor for compressing the light product fraction
having reduced catalyst fines content; and a recovery train for recovering the light
olefins from the compressed light product fraction.

[0031] In one embodiment, the apparatus further comprises: a line to
recycle at least a portion of the liquid fraction of increased fines content to the
reactor.

[0032] In another embodiment, the apparatus further comprises: a recovery
unit for condensing by-product water from the reactor and a treater to at least
partially remove catalyst fines from the condensed by-product water.

[0033] In still another embodiment, the apparatus further comprises: a
steam boiler having a source of boiler feed water which can aiso be used as a
source of the liquid substantially free of catalyst fines.

[0034] In yet another embodiment, the apparatus further comprises: a line
to recycle at least a portion of the heavy product fraction comprising water,
heavier hydrocarbons and catalyst fines to the quench tower as the liquid medium

containing water and catalyst fines. The line can further comprise at least one of a



steam boi l er having a source of boiler feed water which can al so be used as
a source of the liquid substantially free of catalyst fines. [0034] In yet
anot her enbodi ment, the apparatus further conprises: agine to recycle at

-l east a port fWABGHAPhd@eavy product fraction conpri si wat er, heavi er

hydr ocar lg,q,pé 2Adkth1S@LeliyS Ll Hipek it o the queﬁch t ower as thﬁcﬁhﬂiﬁhg{n@?ﬂi um
contai ning water and catalyst fines. The line can further conprise at | east

‘one of a 2003BO71APP. ~P WD 211051017072' 114 "-' -71" =1 . 11 Ml il. S

PCT/ U529041019341 | heat  exchanger %o r ngl\ée heat. from t he heavy product
fracti on andieat S¥Fhagser 1 EMAYEMept SRR REevy ProfpetHEagtion Ard s SHORE 1 act i on.

[ 00351 In Stéthg Oy(ﬁ,gelpdgp%r retlrlgﬂaq,?lppgﬁ{eﬁ%t ?gaﬁnquench tower of the apparatus

conprises in ascendin an“in or I ntroducing the separated
vaporous prpwgst; an imkiil yétGmotiet epdudinngt,tthe qhémiitowsEof the sppivatiis Ni Ng
water; and the treater. [00361 In another enbogi_rrent, the treater of the
appar at us cofmpEes 18 ascenfiipgl opfeanan dudct domiiodgciag thetseparatedovapatdush t he
liquid fraction of inc ed fines content is.taken: .and the quench tower
of 'the apparBEGECe GpAIL ST mirodkFRe eI ey comtping v eles g g,

i ntroduci ng {88l i quid substantially free of catalyst fines. The liquid
draw devi ce can be any suitable device known to those skilled in the art,
e.g., a chinfi@36}ray. boesather empedimenpithe treewwb @dithe apparhtue @ppaised as

conprises a vapor-liquid contacting surface placed hetween the liquid draw
devi ce and th@l‘g ey deyice 113H{“rgoﬂh€‘i‘t?ﬁ§; fove "ﬁ]‘ﬂhlﬂ?f E%gtféﬂﬂlpﬁquyn‘fqg@égof

catalyst fin = oM | i a any

sui t abl e mat g‘??sa‘ﬁ?‘%eél¥glp?ﬂ‘§{" %}egaglf gg&ﬁg“‘eﬁ? ?’gﬁ% é@%g%%liagéﬁiéh%?%eﬂgert oup
consi sting odbavandieniqdd kdring, dsticeu fdruintddpeinkithg laquid subaystially0f88bfl n stil |
anot her enbodi nent, the aPpar atus conprises a dem sting device placed above
the inlet fosataingtdinesciiglignd dravdevics 6as basny aMtsble dewcefnowataltyese fines.

[ 00391 In stg 'llledyi%ttpggﬁt{?gréagl%ﬂl%kﬁ?g;v’erthe apparatus conprises the treater

| ocat ed downstream TFrom quenc
[0037] In yet another embodiment, the apparatus comprises a vapor-liquid

contacting surface placed between the liquid draw device and the inlet for
introducing the liquid substantially free of catalyst fines. The vapor-lignid
contacting surface is provided by any suitable matenal, e.g., at least one material
selected from the group consisting of random packing, structured packing and
trays.

{0038] In still another embodiment, the apparatus comprises a demisting
device placed above the inlet for introducing the liquid substantially free of
catalyst fines.

(0039} In still yet another embodiment, the apparatus comprises the treater
located downstream from the quench tower.

[0040] In another embodiment, the apparatus further comprises a suction
drum located between the quench tower and the compressor.

[0041] In yet another embodiment, the suction drum of the apparatus
comprises a treater for treating the light product fraction by contacting with a
liquid substantially free of catalyst fines to provide a light product fraction having
reduced catalyst fines content and a liquid fraction of increased fines content. The

suction drum can be a first stage suction drum.



[ 0040] In another enbodi nent, the apparatus further conprises a suction
drum | ocated between the quench tower and the conpressor. [00411 In yet
anot her enbodi nent, t suction drum of the apparatusgconprises a treater

for treatingoP3RO7IARN@hr oduct fraction by, contactin th a liquid
subst ant H# Yook A PR o cal.ali sl fi nes to provi de a |ight pepRldstubissgction
havi ng uced catalyst fines content and a liquid fraction of increased

fines content The suctl on drum can be a first stage suction drum

2003B071APP. ~~ -- | S21104/ 1119 2 5/41174172 [ 00421
hi still dPti‘b?rl enbodt"ﬁ%‘ﬂ an?tﬁgr E‘H&?‘?‘B’r‘?nﬁrlgﬁt Bf l?qténﬁbdél &FU@P A@YHpr i ses:

t ak f | |
out | ot 11 omCRPEREY A MHEDRE Ui fhe ibHou: ERfchf foftt B heh Ol tbmertie 15

vapor ous ovashesashties ficak @hidholiquithés manyedsser an bﬂﬁﬁéﬁh dutles frohl wiiieh aanot her
enbodi ment, the suction drum of the apparatus conprises an inlet for
i nt r oduci ng VERerops guerhead is daksn dordhe Gompresoss cat al yst fines above the

suction dru ake. The i UId btanlally
free of cat m’?fﬁ] fi nesﬂczztlltll eg%%%ﬁénreéc’{;‘g@?@g& ﬂ%r%'& l?ofétf‘ para ®at al yst
fines cont@ampsiv@Phh etlebforantreGRMET YheUldutid tsﬂBﬁtaﬂﬁWeﬂ&eﬁf bytamtoﬂﬁ&t wat er
taken from the reactor. [0044] In another enbodi nent, the apparatus further

conpri ses aabove t—he Sustion qaki notake. ke B f@hmtmillen“ftbﬂr hqwﬁrsmbstantmj;lyt he

liquid substanti of catal yst ] nes nne ed to a source of
boi l er feed W&t ttﬁ‘éesb%"l”t ?COE{%@] o yeelercig M es the

apparat us_f %In*&ﬁtr sxﬁﬁﬂ'il%& 6398 rovet 2Rl ikt A0 A5 bmt %Htltératg&nph

between the i nlet for roducing the liquid tanti al ree o cat al yst
fines to thehesreattonn dr um and the suction drumintake. The vapor-1|iquid
contacting surface is provided by at |east one material selected fromthe

group consi 40944 of ré—ﬁ&BWE’a‘?fR‘P?ﬁbme’%tt t§appri@is JWthsrsgmpRges 3 bgiler for
DESCRI PTI G\ln%:hl %ﬁc%@ﬁ% N%Sini&%ﬁlktrg mﬁ%{ﬁlléﬁg% s@osﬁﬁ@&ﬁ??x %prﬂ% s flow

di agram depiC ertarn aspects o | on. | PTI ON
fines is connected to a source of boiler feed water for the boiler.

[0045]) In yet another embodiment, the apparatus finther comprises a
vapor-liquid contacting surface placed between the inlet for introducing the liquid
substantially free of catalyst fines to the suction drum and the suction drum intake.
The vapor-liquid contacting surface is provided by at least one material selected

from the group consisting of random packing, structured packing and trays.

DESCRIPTION OF THE DRAWINGS
[0046] The FIGURE i1s a schematic process flow diagram depicting certain

‘ aspects of the invention.

DETAILED DESCRIPTION

Molecular Sieves and Catalysts Thereof for Use in OTQ Conversion

[0047} Molecular sieves suited to use for converting oxygenates to olefins
(OTO) have various chemical and physical, framework, characteristics. Molecular
sieves have been well classified by the Structure Commission of the International
Zeolite Association according to the rules of the JTUPAC Commission on Zeolite
Nomenclature, A framework-type describes the connectivity, topology, of the

tetrahedrally coordinated atoms constituting the framework, and making an



Mol ecul ar Si eves and Catal ysts Thereof for Use in OTO Conversion [0047]
Mol ecul ar sieves suited to use for converting oxygenates to olefins (OTO
have vari ous chemi cal d physical, framework, charactegistics. Ml ecul ar
si eves have Ba8&® \/\bﬁp"%ssﬁled by the Str cture Co ion of the

Internatlmﬁlz,m@@p,tmtﬁé 40Bizats yn accordihy to the rul esp@fmgf}ﬂu],Hg’AC
Comm ssion on Zeolite Nonenclature. A franmework-type describes the

connectivity, topology, of the tetrahedrall y coordl nated atons constituting

the f k 003B07.1APPx O_24N151 0721 1111/ 1
00 T U ien (e sBiBCDioB s o Bt s ErRaIT Kapa APlitthos e
material s. Fragewgfite: 9%1&&:%idrtsﬁsve@ﬂﬂ VAReh hts@rubibe hg%@e%s%lﬁﬁeﬁvafe for

whi ch a structure has been established, are assig hree letfer code
and are desc ra'siigmbd a three later asdoindZae|des@ited amsho rdklas by geslite Fr hmedoﬂa on,

El sevier, Lon gl and (2001) ich is ere| ul Iy, 1ncorpor d by

reference. [ MBS] NB ‘?F‘ =£%§‘“€5ea dog, @F’“ %-%96} e\’:’ﬁlcélrlssh%f@’é‘s fe t he

smal | pore f afranevvorktype sel ected fromthe group
<Pone OB e

consisting o ATN, ATT, ATV, AWN BI K, CAS, CHA, CH, DAC,

DDR, EDI, ERy048B00, KHNon-ﬂJBy{,lng_@v{mljléE/bf thdsblmdtédularRilives Meﬁ@pﬂﬂﬂo and
substltut ed forns thereof; the nmedium pore nol ecul ar sieves of a

f r amewor k- t ypeoleadaregevas of aoirameveorlrimepselastes ﬁ@mrtge grounrnsisgng oENEL HEU,

bore ol ecul AFT-aboet by ATH AR AMRE i S, CHA el PRz, i pbE” ' o°
consi sting ofsREMGOGAKFIADEY, Wbt LTAL &4ONOPRU t PEI EREIO, RbE! TR eftdl ar

si eves have a franewor k- type sel ected fromthe group consi sting of ANA,
BEA, CFl, CLenbshioNed Egps thfieof; MERmedivERyorknivlegdarsdeyes N@a-ﬂanmmrhgymarrpl es

O e P! LR A o B AROUABL, Yol BT HERL R g oot
S7LPoL 5 O QRTS8 ik, G p5Bing Bl o
enbodi nent, sheesof 2fahmwosk-type sabcted &om the @nhipoconisasng ol BHT,tRAG) agly or
CHA topol ogy, sul?srtltuteg %gl?lllsnt%glleg C%tﬂgrrrggl];culgro ssi;gves %{a(\arg %rf?a%ewo%katyﬁ\a ;[e(l)e%?eld()gy
from the group consisting of ANA, BEA, CFI, CLO, DON, GIS, LTL, MER,
MOR, MWW and SOD. Non-limiting examples of the preferred molecular sieves,
particularly for converting an oxygenate containing feedstock into olefin(s),
include those having a framework-type selected from the group consisting of AEL,
AFY, BEA, CHA, EDI, FAU, FER, GIS, LTA, LTL, MER, MFI, MOR, MTT,
MWW, TAM and TON. In one preferred embodiment, the molecular sieve of the
invention has an AE] topology or a CHA topology, or a combination thereof, most
preferably a CHA topology.
[0049] Molecular sieve materials all have 3-dimensional, four-connected
framework structure of corner-sharing TO, tetrahedra, where T is any tetrahedrally
coordinated cation. These molecular sieves are typically described in terms of the
size of the ring that defines a pore, where the size is based on the number of T
atoms in the ring. Other framework-type" characteristics include the arrangement of
rings that form a cage, and when present, the dimension of channels, and the
spaces between the cages. See van Bekkum, et al., Introduction to Zeolite Science

and Practice, Second Completely Revised and Expanded Edition, Volume 137,
pages 1-67, Elsevier Science, B.V., Amsterdam, Netherlands (2001).



[ 0049] Mbl ecul ar sieve materials all have 3-di nmensional, four-connected
framework structure of conmer-sharing TO4 tetrahedra, where T is any
tetrahedrally coordinated cation. These nol ecul ar sieves are typically
descrii bed Inzm(BBm'HAIBP% size of the ring that defi & a pore, where the
size is based on r.;|@,1,T atons inilt-he ring. er {ramework-type
char acterf"gg 28%"f'hﬁﬁude t e &r r‘a"ngement of rings that fdrfTVUSPEY3Yng when

present, the dinmension of channels, and the spaces between the cages. See

van Bel kum et al., Introduction to Zeolite Science and Practice, Second
Conpl et ehv R{aﬁﬂsglad and Theparadle chediuhim amargvmmolesﬂlar s} @ha\@ feoin ad-sevi er
Sci ence, B.V., Amsterda Net her | ands %%(0 2003B PP. 1g\/\/
2005/ 017072148 1033 12 2ing or, gléa*ﬂrd?'a{'ﬁf‘” -BPech @sp ‘%) % ﬁ‘i‘“[e@bs The

snal |, medi U ARG hBldRIR W& T HoE E aio%xev,@snhg; g nge 8r darghd ﬁl%ta

,12-ring or greater framework-type. In a preferré nent, zeolitic
"ol ecul ar si evesgehpore size, inlhe raugeldf fromnost 3Adbursed. o tlieamgarpmfmkedn

average pore size in the ra}?g?e of fromabgut 3Atg 15 A |In the nost
,preferred efbbediment, haemaltee sleves oYtget in i Hed inNention. i Atedeblsn,

f er abl d
preferaly  SibbARBRMRS AR R EFE e ELRNERISIS BRI B0 .
about 5A, nDIgs thRarehBsRbEY, fpreforaBly hpﬂ&bmnge%ﬁﬁonﬁeﬁ t@%’bon@tf shemdty from

3.5A to about 4.2A. 100511 Mol ecu|ar sieves, particularly zeolitic and
zeolitic- typereﬁmlémﬂomi‘ dp abewt 4. pr.cnd magst 9lelfﬁ9@Y§T0ﬂbBééLﬂ0@|b0ﬁtr‘h&émork of

rot erabl y, - TStbr  vor Mplesitay SRR a3 RE A ARk Smittectfit o, and
nost pref er a@kyes| %&éﬂabl){ k44 nﬁ:ilé’(:ula{r%e\ir&krm %lleﬂéﬁbf twd BESFore! | i con,

al umi num and phosphorous based nol ecul ar sieves and net aI cont ail ni ng
silicon, al ummemshanugp[ﬁ&qﬂm@trdwdrdiasmd el qn'gﬂemblysl e sr ave [$6h],

descrlbed in Qu uplicati ns incI | e,

Pat ent No. [“g@i’? y"( I‘LE&PHEWXH@F‘S f/@ S@; F‘@ ap‘ét ent No.
4,440,871 (S telﬁ%&n%ﬁmnﬁ’ét eﬂfeseb‘pé?llxéo?iatélgﬁhrﬁr?n aﬂd 151?05 Bébut Eba%g gO Wher e
EI is As, Be, Fe My, )p at ent No.
4,554,143 ( Fﬁyél%@)llar kieSes Bai m&teﬂ; cbhlammg&mcawa unzﬁnﬁﬁiaarmmhospmoradsﬂfb&%
(FeAPSO), EP-A-0 158 975 ang) E tent. No.. 4, 935, 216 anAPSO EP- A-0 161
489 ( CoAPSO) mofseular gieyesshaysdepiiogerped palerilbn umerans pblicyjgpns including

for example, U.S. Patent No. 4,567,029 (MeAPO where Me is Mg, Mn, Zn, or
Co), U.S. Patent No. 4,440,871 (SAPO), European Patent Application EP-A-0 159
624 (ELAPSO where El is As, Be, B, Cr, Co, Ga, Ge, Fe, Li, Mg, Mn, Ti or Zn),
U.S. Patent No. 4,554,143 (FeAPQO), U.S. Patents No. 4,822,478, 4,683,217,
4,744,885 (FeAPSO), EP-A-0 158 975 and U.S. Patent No. 4,935,216 (ZnAPSO,
EP-A-0 161 489 (CoAPSO), EP-A-0 158 976 (ELAPO, where EL is Co, Fe, Mg,
Mn, Ti or Zn), U.S. Patent No. 4,310,440 (AIPO,), EP-A-0 158 350 (SENAPSQ),
U.S. Patent No. 4,973,460 (LiAPSO), U.S. Patent No. 4,789,535 (LiAPO), U.S.
Patent No. 4,992,250 (GeAPSQO), U.S. Patent No. 4,888,167 (GeAPO), U.S.
Patent No. 5,057,295 (BAPSO), U.S. Patent No. 4,738,837 (CrAPSO), US.
Patents Nos. 4,759,919, and 4,851,106 (CrAPO), U.S. Patents Nos. 4,758,419,
4,882,038, 5,434,326 and 5,478,787 (MgAPSO), U.S. Patent No. 4,554,143
(FeAPO), U.S. Patent No. 4,894,213 (AsAPSO), U.S. Patent No. 4,913,888
(AsAPQO), U.S. Patents Nos. 4,686,092, 4,846,956 and 4,793,833 (MnAPSO),
U.S. Patents Nos. 5,345,011 and 6,156,931 (MnAPQ), U.S. Patent No. 4,737,353
(BeAPSO), U.S. Patent No. 4,940,570 (BeAPO), U.S. Patents Nos. 4,801,309,



M, Ti or Zn), U S. Patent No. 4,310,440 (Al P04), EP-A-0 158 350 ( SENAPSO),
U S. Patent No. 4,973,460 (Li APSO, U. S. Patent No. 4,789,535 (Li APO, U S
Patent No. 4,992, 250 APSO, U S. Patent No. 4,838,1 (GeAPO), U. S
‘Pat ent No. 520BB014EP(@PSO), U.S. Patent No. 4,733, S4@(Cr APSO, U.S.

Patent s I\gq,?g j 'ﬁg%.%w{; “andj 24,1850, 106 (Cr APO) , u.s. Paten?\g]'-,bbﬁ,,wﬁlw}ﬁ8 419,

4,882, 038 and 5,478, 787 (MyAPSO), U.S. Patent
"(FeAPO), U.S. Patent No. 4,894, 213 (ASAPSO, U.S. Patent No. 4,913, 885
(AsAPO), U.S. Patents 686,092, 4,846, 956 and, 4,793 533 (MIAPSO)
U.S Patent s4G84:613 agd sl 8)‘31)15&1616%% Y1 Peignmiips. 4.509,6Ha e, 6. a4, 737, 353

00313071 APP" 60§%520%N89?’g9? PR R e 230 412% Bglﬁ\g%ﬁpgl@g%’lsog

4,684, 617 an®atnB8Qs. 52@36@0&%@@3@? EPai gnbs3 Nos7 (GAHD 6%hered, @5k, 236 and
4,605,492 (Ti APO), U.S. Patents No. 4,824,6554, 4,744,970 (CoAPSO), U.S.

Patent No. 4fraEBwROG0Xida ARBARMED, As Bredlos B57 Prienivdns. W7 &2 #.636.0PAmewor k

d t P
4761, 814, 457555383 355 SN IpenchSRER T PRa et 95 ash 86100056 164
4, 956, 165, 44983168597, 7461 5083058, éaaa@@éaam 675,920, APs whlch off hitch ar e
here| n fully”incorporated by reference. [0052] G her nol ecul ar sieves
i ncl ude t hosfuljascorpbmtedity rEferénc888 187 131 (m croporous crystalline
nletallophos

s; eve and an fie éhl i nSAgé%lecrﬁF“i{?g“g%’)Sle‘lgsS’dlggtgnt ‘%ﬁﬁ gégl%(%) i &ggﬁ-w o

09/ 511, 943 fj h | yst),
PCT WO 01/ 64 g%ﬁugﬁgsﬁggxge%t%% P lgidSB %%gsri?c%f?b m co t 27(? rIS:l (r?aien(rergfwgcul ar
si eve), and ROO&EQSt(ﬁlblechhﬂdhoehn@fanhﬂﬂtﬁhﬁa leath Sheealy . S\/@ﬁtehbsdppﬁﬁdmn

Rei nhol d, New York, New York (%1993‘%3 which are all herein fully incorporated
by ref er enc8englobga)09Hd Ier Briasy 24i 12008 n(intsexatech bivdresarben co-

hosp e S PSS T AR

optionally &k contai nin I'eves I'nclu
(ALPO) ol ecyiofdculir 81608), aal R. BAokaRAHMAIARRNGIIHREGK SAPE), Wil K6sttaal Si eves

and substituted referably mnmetal substituted, ALPO and SAPO ol ecul ar

si eves. The Rgglbo&; bewr Yorif, New York (1992), wiich are all herein fully incorporated by
reference.
[0053] The more preferred silicon, aluminum and/or phosphorous
containing molecular sieves, and aluminum, phosphorous, and optionally silicon,
contamning molecular sieves include aluminophosphate (ALPO) molecular sieves
and silicoaluminophosphate (SAPQO) molecular sieves and substituted, preferably
metal substituted, ALPO and SAPO molecular sieves. The most preferred
molecular sieves are SAPO molecular sieves, and metal substituted SAPO
molecular sieves. In an embodiment, the metal is an alkali metal of Group IA of
the Periodic Table of Elements, an alkaline earth metal of Group A of the
Periodic Table of Elements, a rare earth metal of Group HIB, including the
Lanthanmides: lanthanum, cerium, praseodymium, neodymium, samarium,
europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbinm
and lutetium; and scandium or yttrium of the Periodic Table of Elements, a
transition metal of Groups IVB, VB, VIB, VIIB, VIIB, and IB of the Periodic
Table of Elements, or mixtures of any of these metal species. In one preferred

embodiment, the metal is selected from the group consisting of Co, Cr, Cu, Fe,

Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and mixtures thereof. In another preferred



nmol ecul ar sieves are SAPO nol ecul ar sieves, and netal substituted SAPO

nol ecul ar sieves. In an enbodinent, the netal is an alkali netal of Goup I A
of the Peri %I%é Tgp}, f Elements, an alkaline earth tal of Group IlA of
‘t he Peri odi ik | ements, a rare earth netal o&oup I'11B, including

fthe Lanﬁihmlzmgﬁm.h@mfhaﬁu‘hﬁ Gk um prasecdym um neody rAcamyS28@NBY3uMm
" europium gadolinium terbium dysprosium holmum erbium thulium
‘ytterbium and lutetium and scandiumor yttrium of the Periodi c TabI e of

Elements, 2 AR SO ShAl b RSk Fovo e M dhen lfine bl prgnd | B o

t he Peri od| C tures o eS8 Bt sSpeci es.

I'n one prefesf §%ol€éﬂ}ﬁds1éwlﬁuodgh% fmﬁﬁédrhlsuxﬁﬂsﬁ@l{ @QENIEQEIQ tahe cﬁﬁ?ldmet
consisting of Co, Cr, Cu, Fe, Ga, GCe, M, I, Zn and Zr, and

m xtures t hetlenge dtpﬂndmgt ¢lethepvaé¢n§ﬁr5éaie 2 @iBmelmApﬁbstnm@B For axamplenin 21105/ 0

e 17072 ' -1~ A"~ | L- PCT/ US2004/ Q19341 I’Tb { t
di scussed ab‘b‘?Feclﬁl?‘éle’ﬁ% heg themgtal ﬁ‘g) E%We%% Iak"cél %gggtaffb?%?uﬁdp? %'q*éva o

through a t el ANGE il ik of MiABARAEVRARs bbEkifaRga et — Charge dependi ng
:0n the valence State o e nmetal substituent. For exanple, in one

enbodi ment, [§@84]) t he mhi ahe smbsadintengrihe hadecalar shevaceas desatibedin wiany 8, +4,

+5, or +6, the_net charge of the tetrahedral unit is between 2 and +2.
[0054] In orBediBolriepismentioncdabEy Isieresaied by themapirictlefrmplangmgn of  t he
U S. Patents HS{QII #%rﬁ i%/Fabove is represented by the enpirical formula, on an
anhydr ous bad ? ‘AlyP2) 32 wherein R represents at |east one

tenpl ating agent, preferably an org&i(M,ALBHD} ating agent; mis the number
of noles of R per nole of (MAyPz)02 and in has a value fromO to 1,
preferably owhgem R lan@s%%tatpfééﬂepa%ltymp}e@ng oagest,oppfergbly ¢n ogeenie

represent t fraction etr where M
is:a netal tgplg%tuél Wgﬁh’%ﬁe 01‘rl u@bglu%talflglewoﬁi 6? 31 ?éﬁ %Z)gf’f@ld\ﬁl B, VIIB,
VI1IB and Lagpishaniteesond 0 td1e, fefdrady o td atd, an@indst plrammy fmehabad; %, M is
selected fromone of the group consisting of Co, Cr, Cu, Fe, Ga, Ge, My,

Mh, Ni, Sn, Yhiand zZeprssent fhe mple frastioniod diliband Mnas tgtlghe@laal@lmeh,a\mhm Mequal to
0 2ot P00 S B kSR G BB o B [9RShe! Do
VIIB and Lanthanides of the Periodic Table of Elements, preferably M is selected
from one of the group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni, Sn, Ti,
Zn and Zr. In an embodiment, m 1s greater than or equal to 0.2, and x, y and z are
greater than or equal to 0.01.
[0055] In another embodiment, m is greater than 0.1 to about 1, x is
greater than 0 to about 0.25, y is in the range of from 0.4 to 0.5, and z 1s in the
range of from 0.25 to 0.5, more preferably m is from 0.15 to 0.7, x is from 0.01 to
0.2, yis from 0.4 to 0.5, and z is from 0.3 to 0.5.
[0056] Non-limiting examples of SAPO and ALPO molecular sieves of
the invention include one or a combination of SAPO-5, SAPG-8, SAPO-11,
SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35,
SAPQO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44 (U.S. Patent No.
6,162,415), SAPO-47, SAPO-56, ALPO-5, ALPO-11, ALPO-18, ALPO-31,
ALPO-34, ALPO-36, ALPO-37, ALPO-46, and metal containing molecular sieves
thereof. The more preferred zeolite-type molecular sieves include one or a
combination of SAPO-18, SAPO-34, SAPO-35, SAPO-44, SAPO-56, ALPO-18
and ALPO-34, even more preferably one or a combination of SAPO-18, SAPO-



greater than 0 to about 0.25, y is in the range of from0.4 to 0.5, and z is
inthe range of fromO0.25 to 0.5, nore preferably mis fromO0.15 to 0.7, X
is fromO.01 ) is from0.4to 0.5 and z is fgamO0.3 to 0.5. [0056]
‘Non-limti ngzaeogg%gﬁeﬁ'(‘ SAPO and ALPO nol gcul ar si eve®®of the invention

i ncl ude drgoamsancerblhatt hiddd5APO- 5, SAPO- 8, SAPO 11, PEABRRE019SAPO- 17,
SAPO- 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35, SAPO 36, SAPO 37, SAPC- 40,
SAPO 41, SAPO 42, SAPO-44 (U.S. Patent No. 6,162,415), SAPO 47, SAPO 56,
ALPO-5, ALPO;11,; pkf Ny : p PO 46, and
nmetal contai %%’ng _rmqa“(%:éﬁ %f@ Si ev%’iﬁl ndt]'?\l\(lzéﬂlrEDi %@ﬁéwﬁ‘lgpﬁg%gulgf‘g g??@gré?g’oﬁdfe-type
nol ecul ar si g\Rf préfetabeofdr & canb@atiti PASAPOSH SRPATFR)-1SARRS IstalSAPO- 35,
SAPO- 44, SAPO-56, ALPO-18 and ALPO- 34, even nore preferably one or a

conbi nati on ofntSARG MGlecHAPIERGOBBSHIAPP. ~ ,1.. ~ ILI ..., 11 Ali - 14 WD
211115/ (11 7 2 PCT/US211114/01 /341 4.. ALPO- 34 and ALPO- 18, and netal
cont ai ni ng Wbﬂnéél” ar sihé\?gsenfjw FEgH: %SHHO]%HB?E S’ﬁYeefse?namqu%hd‘rlatﬁ“&

conbi nati on @b inARCh 3¢ nikfte dAkBE PrascAdCcRhlihe sGRRLAL RWifidn TRE ML ST EVes

t her eof . [Oogﬁnﬁﬁn an enbodi msnt],;1 t he nnr?gcul ar sieve is gn i nter gr%wth

mat eri al  haviengcompositiomdn pauticskar, noter grhwthemolecular yistasl dre descsibed dii tirees

Wi thin one nol ecul ar | si eve g rticular, intergrowth

| ition |
nol ecul ar si BlieFPalsit ARphisst X r‘%ﬁﬁ‘)}‘lég}&@f’g% zﬁtdefﬁt‘g%b&?%tqﬂél SEWVA  No.
09/ 924, 016 f} . i il 16,
1998, both OP g@gﬁ%g‘%@%hﬁ%ﬁéﬁgi‘?39??,5%%%8‘?‘%{%%@%’&@% gﬁ%ﬁ@%{gﬁpg’yanot her

enbodi ment, idieren®d. €audrdthes | e dORmY itisee soddcul £ aséveoa@npridek eft Jearoghase of
AElI and CHA franework-types. For exanple, SAPO 1S, ALPO 18 and RUW 18 have

an AEl franewdergrawip®hasenel $EPEIACHAs amemark-typsrrelion Rxayple. SPFE583. The

oynthesi zed SO ARAMRICVHE IERAAPART FePls P i, RTSRED- S b o8 The
synt hesi zed phleedliatypei eves with a binder and/or a matrix material to form

a nol ecul ar sieve cat aLIyst conposi tion. This nolecul ar sieve catalyst
conposi tion [W58br med ilheonalsaflar sisyespesdivdfor okysstateaite iobdfims doyrvewsioh- known

processes are synthesized and then made or formulated into catalysts by
combining the synthesized molecular sieves with a binder and/or a matrix material
to form a molecular sieve catalyst composition. This molecular sieve catalyst
composition is formed into useful shaped and sized particles by well-known

techniques such as spray drying, pelletizin'g, extrusion, and the like.

Oxvyeenate to Olefins Process

[0059] In a preferred embodiment of an oxygenate to olefins process, the
i' feedstock contains one or more oxygenates, more specifically, one or more organic
compound(s) containing at least one oxygen atom. In the most preferred
embodiment, the oxygenate in the feedstock is one or more alcohol(s), preferably
aliphatic alcohol(s) where the aliphatic moiety of the alcohol(s) has from 1 to 20
carbon atoms, preferably from 1 to 10 carbon atoms, and most preferably from 1
to 4 carbon atoms. The alcohols useful as feedstock in an oxygenate to olefins
process include lower straight and branched chain aliphatic alcohols and their
unsaturated counterparts.
[0060} Non-limiting examples of suitable oxygenates include methanol,

ethanol, n-propanol, isopropanol, methyl ethyl ether, dimethyl ether, diethy! ether,



techni ques such as spray drying, pelletizing, extrusion, and the |ike.
Oxygenate to A efins Process [0059] In a preferred enbodi nent of an
oxygenate to ol efins process, the feedstock contains one or nore

oxygenat es, n3eEBEHAIP |1y, one or nobre organic cor.und(s) cont ai ni ng

at |east ane Q f - 4 mythe nost  prefeldred  enbodi ne nat e
T80 A e rﬁowf;%’zﬁ%ﬂg?ﬂ?

in the fe e or nore al cohol (s), preferably aliphati cohol (s)
where the aliphatic noiety of the al cohol (s) has froml to 20 carbon atons,

preferably from1l to 10 carbon atons, and npst preferably froml to 4
car bon at ons. difisepeaipybieshes, feretaliehyds, fdimgthyb crrtopatsn dingtyeln keteng. oacstief i ns

process include,l ovd\xcar . trrai ht0 and branched chain aliphatic al cohols and
their unsat u?‘é{fle%‘ %‘Hﬁ’f‘é’? 5% [ 0060] Non-limting exanples of suitable

oxygenates | ”fddéi‘if et hgRQhe modt HraftPled dMHVIRAGROLe feQREAPRNRlectcdBIdNy| et hyl
ther, dinethyl ether, diethyl ether, 2003BO7I APP.~ W) 211115/11171172

L: ~i . a~ , ~L. on¢ or mprenef nietlmnpl, ethandls dinR@iiyll 4t520 dibdiyl @841 a dombswppopy|

et her, formal dehyde, dinethyl carbonate, dipeth et one, acetic id, and
i xtures ther g’@f‘%:’(}{ OB pqe%ri‘lﬂél @fm%r @deé%athé trdRe | MpHePREIY ock i s
sel ected from,.Apge.pr nore of nethanol, ethanol, dinmethyl ether, diethyl
ether or a conbination thereof, nore preferably nethanol and di nethyl

et her, and nopgoep] ef er allihy varduh dsedbtockd A2 ssdd @bvay, ipactscul #B8ds tfemisck

di scussed above, particularly a feedstock_ containing an oxygenate, nore
particul arly GOTHRBHE B RXYesHRSI MOFRgPaHCHpdYRoleedsteck comtajaing & aleahehrisl y i nt o

Feedst ook ¢ ypraefisd kg BTl TERRIED o blerf ot 5o ' €

carbon at ons, piHaEdPfrsieha Badstdclt §pfalldhBeNfraim0N s 3G tarbbn BRAR, preirggipbl y 2
to 4 carbons atons, and nost preferably ethylene and/or propyl ene. [00631

Non-1imting 2tafsiaczonodtonsahpre nrefstabbr 2 49 6icationgdorss.iajillanete preferabip 2ne,
LGS A T I
hexene-1, octggs] and NaRIBLHANENEAeCoheSle@h ahbfbmRIMBELES dRatdide
unsat urated nononers, diolefins having 4 to 18 carbon atons, conjugated or
propylene, butene-1, pentene-1, 4-methyl-pentene-1, hexene-1, octene-1 and
decene-1, preferably ethylene, propylene, butene-1, pentene-1, 4-methyl-pentene-
1, hexene-1, octene-1 and isomers thereof. Other olefin monomer(s} include
unsaturated monomers, diol.eﬁns having 4 to 18 carbon atoms, conjugated or
nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins.
[0064] In the most preferred embodiment, the feedstock, preferably of one
or more oxygenates, is converted in the presence of a molecular sieve catalyst
composition into olefin(s) having 2 to 6 carbons atoms, preferably 2 to 4 carbon
atoms. Most preferably, the olefin(s), alone or in combination, are converted from
a feedstock containing an oxygenate, preferably an alcohol, most preferably
methanol, to the preferred olefin(s) ethylene and/or propylene.
[0065] There are many processes used to convert feedstock into olefin(s)
including various cracking processes such as steam cracking, thermal regenerative
cracking, fluidized bed cracking, fluid catalytic cracking, deep catalytic cracking,
and visbreaking.
[0066] The most preferred process is generally referred to as methanol-to-
olefins (MTO). In a MTO process, typically an oxygenated feedstock, most

preferably a methano] containing feedstock, is converted in the presence of a



nonconj ugat ed di enes, polyenes, vinyl nononers and cyclic olefins. 10064] In
the nost preferred enbodi nent, the feedstock, preferably of one or nore
oxygenates, is convert in the presence of a nol ecul aggsi eve catal yst
conmposi tion izﬁﬁﬁoﬁﬁé’f’i"*) having 2 to 6 carbons atoms.pr eferably 2 to 4

carbon apg@ b telel st 1.he ol efi né%), al one or i pcpRRRiaiJzon, are
converted from a feedstock containing an oxygenate, preferably an al cohol,

nmost preferably nethanol, to the preferred ol efin(s) ethylene and/or

propyl ene. [00651 There are, nman rocesses used to cqonvert feedstock into
bl ofin(s) | MoBGHHGoGY FaY L romRIHE IR QLS 68 ole fPISn(Sh SEFIFEPl- Rithg.

thermal T eQCRERlitEne EAGKBAna bt AL JEAEEALK G 1 Hichagat al ytT o

cracki ng, deep ca tic cracking Vi sbr eaki ng. nost
preferred prqoesy i s geness ¢rgbaodient etithe prasessrgdhennkrsion oDhetedsockMIO) . I n
a MIO process, typically an oxygenated feedstock, nost preferably a
met hanol contaeiaiaRly ¢ Esdaipele kONIABINGIHGOF e PRYgamatep rthe amoanios! ¢fefin(s)

2003BO71APP. 1 @%ﬁ%{)@%ﬁé& Wt Addi by iaq %qrgccagﬂar{%)n;griz){dhégdlils,ﬁg%mgf han&y

PCT/ US2004/ 11 ar sieve cata ron I ne or  nore

ol efin(s), prefigitaldentilefeRibBAgeteaitah B0 valiiht RARNE MU préfeRBl gBfer Of ten
referred to as igﬁt ol eq)?i n(s?‘.j [ 0067) In oér}gpgnbodi mentp of t}#eggrocess for

conver si on ofthan Thweighbpércentpandimesi praferablysmenterdbin Soweighhpergedne or nore
oxygenates, t mount of ol.efin(s) .produced based on the total i ght of
hydr ocar bon ﬂ&g@ced isluﬁﬁﬂﬁsd{'%blegsﬁ%ﬁng@’ &l\/bé?tgﬁ?gﬁﬁ‘?@%ﬁp?“ BP’@P@F&B? AYyr eat er
than 60 wei ghtyyRGHeCRilor PiBfer! BER HROLvIFRAL & an & Blm%@umb%o@@m%gm, and

nmost preferably greater "than 85 wei ght percent. (00681 [ncr&asing t
sel ectivity aievprataystechnyyditonaisdescpbediustld.Ss RdternsNo etbhy37dile dimadaror

ropyl ene fromthe conyersjon of oxygenat e ing a | ecul ar. sieve
(F:) at "g%/yst conEty) ﬁ“‘i‘é e‘léft,q p@@ﬂg‘{‘éﬂ’@?{l .edéé?@lfjﬁ IeNg‘.l’ 7@5%5‘?}‘“’3?2"{ ‘Fl?tllﬁl‘é%r

| ocity), 848 j ; h I t ak
Undox of | at Kok st B LAORicRD WP RERTRAL RS ot ed BODEelTES NAND|  uPt ake
reference. [(Q0®®] The fHedsédsadck, invmereibedioditEntainCar @i mere@il@emt(s)1or e

diluent(s), typically used to reduce the caoncentration of the feedstock,
and are geneft@lifaflyiisad t¢ esges the qopcemiatipe ofthederdstcknrdbaig ggpergllppencat al yst

conposi tion. Mo L i rihd 8 asBXR IRl 51c 801 LbiE By SR . n9OH- AR

gen, carpoon nonoxi de, car bon
examples of diluents include helium, argon, nitrogen, carbon monoxide, carbon
dioxide, water, essentially non-reactive paraffins (especially alkanes such as
methane, ethane, and propane), essentially non-reactive aromatic compounds, and
mixtures thereof. The most preferred diluents are water and nitrogen, with water
being particularly preferred.
[0070] The diluent, water, is used either in a iquid or a vapor form, or a

‘ combination thereof. The diluent is either added directly to a feedstock entering
into a reactor or added directly into a reactor, or added with a molecular sieve
catalyst composition. In one embodmment, the amount of diluent in the feedstock is
in the range of from about 1 to about 99 mole percent based on the total number of
moles of the feedstock and diluent, preferably from about 1 to 80 mole percent,
more preferably from about 5 to about 50, most preferably from about 5 to about
25. In one embodiment, other hydrocarbons are added to a feedstock either directly

or indirectly, and include olefin(s), paraffin(s), aromatic(s) (see, for example, U.S.

Patent No. 4,677,242, addition of aromatics) or mixtures thereof, preferably



di oxi de, water, essentially non-reactive paraffins (especially al kanes such
as nethane, ethane, and propane), essentially non-reactive aromatic
conpounds, and m xtures thereof. The nost preferred diluents are water and
.ni trogen, w R2EO3RATIAPP.4E ng particularly p{ief erred. [(.01 The dil uent,
water, i s £i neh el fquid or @ vapor form or a  LQniN '

t her eof . S"F‘Pﬁé%gﬁ'ﬂ?'hgﬂ? ils ej?tghérwz;dded directly to a feedstock gﬂﬁ’a“r‘?%d into
a reactor or added directly into a reactor, or added with a nol ecul ar si eve

catal yst conposition, In one enbodinent, the anpunt of diluent in_the
f eedst ock i sPropylangebuiylsge Rembvienspanthether hydracaabens hayingd|os mIE C8%O1based on

the total nunbe . he feedstock and diluent, preferably from
about 1 to Sga)r]rll;o’ghﬁlé%@léeﬁ?l?e%onfz)re preferably from about 5 to about 50, nost
preferably fygomabout SrHeopbat for 2pnvérfingne fesdendi Megeciafll N rfediéthichcar bons
. are added to a feedstock either directly or indirectly, and include
“olefin(s), paeripining e)e oLMErMONEERItey, sodhe Profensk Qfrglraoletnls; sievragatdlystNo .

4,677,242, addit ] f, ] or .ni xt th f bly .
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butyl ene, pepkyl 8BE prévess, AtiiBaizEY HEPGRICBANBrdfaub % bRy Buiafkl¥ed at ons,
or mxtures thereof. 100711 The process for converting a feedstock,

especi al | y apfazesss aud nostqueferably ngomimeows higib velooty feidated bed processe pr esence
of a nol ecul ar sieve c allyst. conposition, is i:arr.i ed out in_a reaction
process in al®attor, (162308 Progessess o take place JB R yagetyr ok sdalytg
fluidized be , ar . i jdi r s, and
st pr of er a1y o Sy P BHEEkicks dnft A BURHE: i DERRER o8P Sondl HORET, 51
The reacti onfgst dhadized ednrehatkn pbasecouplad egeiltety ciréulawmiglfiidiged bedct or s
such as hybrid reactors that have a dense bed or fixed bed zones and/or

fast fluidi zERCHEY PEACIERGArsz GRe sthe Jikst eptiiablgecomientional dgraey wypes| ¥Fdi zed
bed reactor | r d ik i I ti .~k eact or
Cypes are dResrPBEiHIar ChBie, B0 PaoR Ny Farf b s PG B et e
No. 6, 287, 52%dual dy@h, dndSahMizatioh Enkivesiza D cQuEngideeLtv@aspill, RisbaiiE. and O
Levenspiel, Robert E. Krieger Publishing Conpany, New York, New York 1977,
whi ch are al KriggerePyplishing Company, New York, New York 1977, which are all herein

fully incorporated by reference.

[0073] The preferred reactor types are riser reactors generally described in
Riser Reactor, Fluidization and Fluid-Particle Systems, pages 48 to 59, F A. Zenz
and D.F. Othmer, Reinhold Publishing Corporation, New York, 1960, and U.S.
Patent No. 6,166,282 (fast-fluidized bed reactor), and U.S. Patent Application
Serial No. 09/564,613, filed May 4, 2000 (multiple riser reactor), which are all
herein fully incorporated by reference.

‘ [0G74) In a preferred embodiment, a fluidized bed process or high velocity
fluidized bed process includes a reactor system, a regeneration system and a
recovery systemm.

[0075] The reactor system preferably is a fluid bed reactor system having a
first reaction zone within one or more riser reactor(s) within at least one
disengaging vessel, preferably comprising one or more cyclones. In one
embodiment, the one or more riser reactor(s) and disengaging vessel is contained
within a single reactor vessel. Fresh feedstock, preferably containing one or more
oxygenates, optionally with one or more diluent(s), is fed to the one or more riser

reactor(s) in which a zeolite or zeolite-type molecular sieve catalyst composition



fully incorporated by reference. [00731 The preferred reactor types are
riser reactors generally described in Riser Reactor, Fluidization and
Fluid-Particle Systens, pages 48 to 59, F.A. Zenz and D.F. O hner, Reinhold
Publ i shi ng Caopsmoat ARR; w York, 1960, and U.S. Pate No. 6, 166, 282
(fast-flupdi zed bed_ rieaCtomymangd U.S. Pat-éht Application Lal :

09/ 564, 61@‘,"‘”'*’35”%&{/ 4, EPO%)OJ it("h%I tiple riser reactor), V\/r‘;F?ﬁrSg‘?]éwgﬁn
‘herein fully incorporated by reference. 100741 In a preferred enbodi nent, a
fluidized bed process or high velocity fluidized bed process includes a
react or syst emcolied ogesimr theresd 15 ygrasiced dn @ne repdodengnts et molecilon 7i6ye The
reactor system referabl_%/. is a flduic_l.beﬂ@r_e?ctor s%isc{enhh ving a first
reaction zondaYShCRMBRANIER OREPked, Yersion ergof & puacisd With 2hauid ge gasy A

di sengagi ng Yy [S] r ‘ . ne
enbodi nent, t(ﬁéﬁ’?ﬁ%m%rm%?gqu%sr g?rﬁr&(liaﬂ citng}rsa ‘(js ga‘ﬁdthgiq{ssgrn%3#%@%%8@%@ S

cont ai ned withbliguid isiwaghr er medeinor vessel . Fresh feedstock, preferably
contai ning one or nore _oxygenates, optionally with one or nore diluent(s),
is fed to thd0BHd or noFwagensrof ithe Coeeaic-rontelRingh feedsioski paonro  its

zeolite-type .npl ecul ar. sieve. catal yst, compositi-on 2 BO71APP.c . 11- 1 g:11
270 2 o bs PRaGEEoR pahf SRy Wi TRT B BR G B iRy b

i ntroduced. |lam8Ren6iWeRtiIdhtantiigntgol ecul ar sieve catal yst conposition or
coked version thereof is contacted with a liquid or gas, or conbination

t hereof , pri dP0T4 bei nglhenfeedsiodednttng the neacier systent 1opieforablpreefiemtedl y  t he
liquid is water 076] Treatnent of the t e- cont ai ni ng

. |
f eedst ock pr iHﬁ‘F“a?]é’ (?r,rr}[eélﬂ%no %[ 1Et T8RtoF 30?%@t%fﬁéﬁ%e§%‘%gr§ﬁgﬁ FLeE SR er si on
reactor nay tzﬁseyl%gitl%ee&saoaloﬂgemg cBRE MBleRhiht ﬁe@@@ﬁwt%ﬁﬁégﬁkﬁ% flhe The

f eedst ock enteri e reactor systemis preferably conver partially or
fully, in theréferred embadinomtzowdrie(s) ovithig dse dissngaging essselt dratdesighet & t he

di sengagi ng vessel along with a coked nol ecul ar sieve catalyst conposition.
In the pref éﬁp%ereetﬁﬁ&mqﬁ%r, SigNFe P4 lERLsSOmROS HIOR: P@era?@&a@@dﬂaolﬁe%@a are

desi gned 10 SLRALRLG AendBRRAY i $hée seoat Yilint CRMRATHE | W2 orPhigfer ably a

coked nol ecular
olefin(s) within the disengaging zone. Cyclones are preferred, however, gravity

effects within the disengaging vessel will also separate the catalyst compositions
from the gaseous effluent. Other methods for separating the catalyst compositions
from the gaseous effluent include the use of plates, caps, elbows, and the like.

[0078] In one embodiment of the disengaging system, the disengaging
system includes a disengaging vessel, typically a lower portion of the disengaging
vessel is a stripping zone. In the stripping zone the coked molecular sieve catalyst
composition is contacted with a gas, preferably one or a combination of steam,
methane, carbon dioxide, carbon monoxide, hydrogen, or an inert gas such as
argon, preferably steam, to recover adsorbed hydrocarbons from the coked
molecular sieve catalyst composition that is then introduced to the regeneration
system. In another embodiment, the stripping zone is in a separate vessel from the
disengaging vessel and the gas is passed at a gas hourly superficial velocity
(GHSV) of from 1 hr'' to about 20,000 hr' based on the volume of gas to volume
of coked molecular sieve catalyst composition, preferably at an elevated
temperature from 250°C to about 750°C, preferably from about 350°C to 650°C,

over the coked molecular steve catalyst composition.



si eve catal yst conposition, fromthe gaseous effluent containing one or nore
olefin(s) within the disengagi ng zone. Cyclones are preferred, however,
gravity effects within the disengaging vessel will also separate the

.cat al yst conpR93Pei16R54@ r om t he gaseous effluent. O h{@@ nethods for

separ at i nQ, Lhe,< Vgl donpasi- i ons  from’the gaseous efy " de the
use of pl g}lb s ggtgglz el bows, and the like. [0078] In one e od'l"‘h'g%ltwof t he

di sengagi ng systent t he dlsengaglng systemincludes a di sengagi ng vessel,
typically a | oner port&gn of the disengaging _vessel is a stripping zone. In

the strippi nf%8he the 6IE@H"WP%GE‘F‘B?WE‘F%\?E‘F&%’FGP?ék‘c CRRBEHEAT PIWRSS: s
contacted w{ Rofticlf wutttﬁetttst@zgtaf sgttgm% if iRAARLNGE 9D aetm%ea@to bt hane,

carbon di OXI e, on noNoxI n, or an inert uch as " argon,

preferably SIWC pnfdlelﬂp\ﬁem dﬁtﬁmobe‘tc hyﬂfoocandﬁ’@tmofré pﬁfdrtﬂﬂymhe@bounol ecul ar
si eve catal yst corrp05|t| on that is then introduced to the regeneration

system | n ahtit’helo BaBotAtEnYCt moTe Pselferabl igmabnet 109°C ho sbapaPHe.erelessel

Super {1 ci al QU oRRry Y B0, o0R SehlF10T: 19 PERERLE w0 R B on

the vol une ofpQass0wT wabdiresseeE. coked nol ecul ar si eve catal yst conposition,
preferably at an elevated tenperature from 250C to about 750C, preferably
from about 3510801 o 650Che memstchepmskted ¢ropleyed an the exomversionl paicess,
conposi tion. 83 71APP. ~ é)0415/01707211 PCT/ US211114 /0%\{(@ 341
[00791 The cHFFRICAIIRPEICAI e BT T dTF ONE Cotlids JPREF phedudiug,

spect 11 cal ! Yaih &ét'onsPerat{faﬂt@tmﬁftéﬁstﬁﬁbmgsmtt;t;zttg% lt}fmgég%tla%re 08 gyt 200C

t o about OC pre rom about” 250C to a erably
from about mso&dsmcmmumsmso@ any eliluent teyziefBypadally the convebsdert pRedfet o about
650C, yet even nore preferably from about 350C t o about 600C post
preferably f erpioYeh Buihe Peeresy 1 1abe ranss o froppalstt OtinkPaagie\abeat 2 MBagessur e

epl 0yed 11 BRSHDYERLR: PROLERS ooy PR Gk bibs R biL BBl S3GE 95 Syt em

vari es over range 1nc ogendus cConversion
pressure is Eﬁ@ﬁdab@ﬁﬁbﬁkﬁéﬁtla| pressure of the feedstock excl usive of any
diluent therein. Typically the conversion pressure enployed in the process
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presence of a molecular sieve catalyst composition within a reaction zone, is
defined as the total weight of the feedstock excluding any diluents to the reaction
zone per hour per weight of molecular sieve in the molecular sieve catalyst
composition m the reaction zone. The WHSYV is maintained at a level sufficient to
keep the catalyst compaosition in a fluidized state within a reactor.

[0082] Typically, the WHSV ranges from about 1 hr ' to about 5000 hr ',
preferably from about 2 hr'' to about 3000 hr”', mare preferably from about 5 !
to about 1500 hr”', and most preferably from about 10 hr'! to about 1000 hr'. In
one preferred embodiment, the WHSV is greater than 20 hr', preferably the
WHSYV for conversion of a feedstock containing methanol and dimethyl ether is in
the range of from about 20 hr! to about 300 Iy

[0083] The superficial gas velocity (SGV) of the feedstock including
diluent and reaction products within the reactor system is preferably sufficient to
fluidize the molecular sieve catalyst composition within a reaction zone in the
reactor. The SGV in the process, particularly within the reactor system, more

particularly within the riser reactor(s), is at least 0.1 meter per second (nv/sec),



kPaa to about 500 kPaa. [00811 The wei ght hourly space velocity (WHSV),
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from about 350°C to 550°C, and silica to Me,O3 (Me is selected from Group 13

(IILA), Groups 8, 9 and 10 (VIII) elements) from the Periodic Table of Elements),

and a molar ratio of from 300 to 2500. See, for example, EP-0 642 485 B1, which

is herein fully incorporated by reference.

[0086] Other processes for converting an oxygenate such as methanol to

one or more olefin(s) using a molecular sieve catalyst composition are described in

PCT WO (1/23500 published April 5, 2001 (propane reduction at an average

catalyst feedstock exposure of at least 1.0), which is herein incorporated by

reference.

[0087] The coked molecular sieve catalyst composition is withdrawn from

the disengaging vessel, preferably by one or more cyclones(s), and introduced to

the regeneration system. The regeneration system comprises a regenerator where

the coked catalyst composition is contacted with a regeneration medium,

preferably a gas contaming oxygen, under general regeneration conditions of

temperature, pressure and residence time.

0088} Non-limiting examples of the regeneration medium include one or

more of oxygen, O3, SO3, N;O, NO, NO,, N;Os, air, air diluted with nitrogen or



[ 0085] In another enbodi nent of the process for converting an oxygenate
such as nethanol to one or nore olefin(s) using a nolecul ar sieve catal yst
conposition, the WHSV s from0.01 Ii 1 to about 100 = 1, at a tenperature
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conposi tion.” fon tenpera I's 1tn’the range of from
about 200C (1v24ideas), shdGhéee ppefefablyaiby abowrd ezl 33QPGaa) 1o abbaut501R0C, nore
preferably (1034 kPaa). Typically, the pressure is less than about 60 psia (414 kPaa).
[0090] The preferred residence time of the molecular sieve catalyst
composition in the regenerator is in the range of from about one minute to several
hours, most preferably about one minute to 100 minutes, and the preferred volume
of oxygen in the flue gas is in the range of from about 0.01 mole percent to about
5 mole percent based on the total volume of the gas.
[0091] In one embodiment, regeneration promoters, typically metal
containmg compounds such as platinum, palladium and the like, are added to the
regenerator directly, or indirectly, for example with the coked -catalyst
composition. Also, in another embodiment, a fresh molecular sieve catalyst
composition is added to the regenerator containing a regeneration medium of
oxygen and water as described in U.S. Patent No. 6,245,703, which is herein fully
incorporated by reference.
[0092] In an embodiment, a portion of the coked molecular sieve catalyst
composition from the regenerator is returned directly to the one or more riser

reactor(s), or indirectly, by pre-contacting with the feedstock, or contacting with

fresh molecular sieve catalyst composition, or contacting with a regenerated
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from about 450C to about 750C, and nost preferably from about 550C to 700C.
The regeneration is in the range of fromabout 10 psia (68 kPaa) to about

500 psia (3445 kPa%% ef erably from about 15 psia ( kPaa) to about 250
psia (1724 KBAEY7IARR
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psia (414 kPaa). [0090] The preferred residence tine of the nol ecul ar sieve

catal yst conposition in the regenerator is in the range of from about one
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contacting w esh ar sieve catalyst conposition, or contacting
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system Ther @nadefsei® Meat@kthankeO\Wefifi @G VET Yystitad @Fchill @@hR] aoiapresdnls,
sequences that are useful in separati ng olefin(s) and purifying ol efin(s)
from t he gaslkmgek-artdryasner poteeoowsyanshtbe ke general |y conprise one or nore

or a combi naltOiOBEl] of VaNO%yllsnll i %&aal%]ipf?:rs] 'of these towers, colunns, splitters or trains
used alone or in combination include one or more of a demethanizer, preferably a
high temperature demethanizer, a deethanizer, a depropanizer, preferably a wet
depropanizer, a wash tower often referred to as a caustic wash tower and/or
quench tower, absorbers, adsorbers, membranes, ethylene (C;) splitter, propylene
{Cs) splitter, butene (C,) splitter, and the like.
[0095] Various recovery systems useful for recovering predominately
olefin(s), preferably prime or light olefin(s) such as ethylene, propylene and/or
butene are described in U.S. Patent No. 5,960,643 (secondary rich ethylene
stream), U.S. Patent Nos. 5,019,143, 5,452,581 and 5,082,481 (membrane
separations), U.S. Patent 5,672,197 (pressure dependent adsorbents), U.S. Patent
No. 6,069,288 (hydrogen removal), U.S. Patent No. 5,904,880 (recovered
methanol to hydrogen and carbon dioxide in one step), U.S. Patent No. 5,927,063
(recovered methanol to gas turbine power plant), and U.S. Patent No. 6,121,504
(direct product quench), U.S. Patent No. 6,121,503 (hugh purity olefins without
superfractionation), and U.S. Patent No. 6,293,998 (pressure swing adsorption),

which are all herein fully incorporated by reference.



fractionation and/or distillation towers, colums, splitters, or trains, for
reaction systens such as ethyl benzene manufacture (U S. Patent No.

5,476, 978) and ot her rivat.i ve processes such as al dghydes, ketones and
ester manuf adfa3Be’1edP Patent No. 5,675,041), and ot@r associ ated
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wat er i s conddvasegearsly hbated egyd tvaporthed parb tmbeiapdhhigghtto thexflgdivatdsdr enoved
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necessary to recover as much as energy of the reactor effluent and use it to heat
and vaporize the feedstream. However, water 1s substantially the only
condensation product in the quench tower. The reaction zone can comprise either a
fixed bed or a fluidized reaction zone, but a fluidized reaction zone is preferred.
[0097] In the operation of conventional quench systems, essentially all of
the water withdrawn from the bottom of the guench tower is contaminated and
must undergo further treatment before it can be returned to the process as
pumparound. The pumparound can be cooled by indirect heat exchange with the
feedstream. Even after decontamination treatment, the pumparound or recycled
water typically contains substantial amounts of fines, which results in a quench
tower overhead containing catalyst fines in amounts deleterious to downstream
installations, particularly suction drums and compressors, e.g., the first stage
suction drum and the first stage compressor which are typically found in the
recovery train.

[0098] The present mvention treats quench overhead effluent streams by
employing a vapor-liquid contact zone upstream of these downstream

installations, particularly upstream of the first stage compressor, €.g., upstream of



guench tower conprises sone dissolved |ight hydrocarbons and heavy
by-products including heavy oxygenates, e.g., alcohols and ketones, which
have a nor nal boiliqg oi nt greater than or equal to ter and which can be
renmoved by st#4B7H wat er from heavy hy-products@@th light gases such
as stean1@ﬁuphmgmgﬁnzmHméﬂLﬂéﬂdkwrean1pas§§ “to an OTO r eggtrals26@MeA1
refined nmethanol (essentially pure), or raw nethanol conprising up to about
30 wei ght percent water. The feedstreamis advantageously heated and
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PCT/ US2004/ 019341 or "at the first stage suction drum In one enbodi nent the
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effluent, e.g., trays or a packing material that facilitates intimate gas/liquid contact.

The gas/liquid contacting material may include, but is not limited to random
packing, structured packing and/or trays. Examples of these include, Gauze,
Ripple Trays, Sieve trays, cross-flow sieve, valve, or bubble cap trays, structured
packings such as Metal Max Pak® Mellapak®, Flexipac®, Gempak®, Goodloe®,
Sulzer®, or random or dumped packing, such as ber] saddles, Intalox® saddles,
‘ raschig rings, Pall® rings, and Nutter Rings™. These and other types of suitable
gas/hquid contacting equipment are described in detail in Kister, H. Z. Distillation
Design, McGraw-Hill, N.Y. (1992), Chapters 6 and 8, the disclosures of which are
incorporated herein by reference. Typically such materials are packed to a depth
ranging from about 2 ft to about 40 ft (from about 0.6 m to about 12 m), say, from
about 4 ft to about 20 ft (from about 1.2 m to about 6 m). A vapor-liquid contact
zone can be provided downstream of the quench tower enclosure in a separate
enclosure upstream of the first stage compressor in the recovery train. Such a
vapor-liquid contact zone can be provided in addition to the one in the quench

tower enclosure, or alternately in place of the vapor-liquid contact zone in the



encl osure typically includes an optional |iquid draw device such as a
chimey tray, fromwhich liquid such as water and/or oxygenate, e.g.,

met hanol , can be drawn off. The drawn off liquid, if it contains water in
.excess to thaoo3perineg e in an oxygenatgﬁsf eed to t reactor, can be
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a vapor-li quil_g ont gcfhez‘(,)an% _?an. be %rc vi ded éon addij ti on tt trlTedone in the
quench  t oweFORAT 408G ¢ GPOLiflid cop t})nﬂ’ 15 BEETEFS MR EVTASEMHOCHEPE cont act
zone in the 5 1RQ0BWVBRALARIbstantiAfly 4ree@f 2005 6PIVAAR didhdter of less than about || J.
PCT/ US2001/ 019311 quench tower encl osure. Typically, a vapor-liquid contact
zone downst r éamiofons,ives., Gemebhut dloeaboukil écrphsasayd from abalwdDéasldt 8Acl osur e,

or alternately within.a .suction drum . :
niicrons. hl"he hquldS s&bs{antlaﬁiy REE of catalyst fines contains a concentration of

catalyst fines lower than the overhead from the quench step, such that the vapor-
liquid contacting provides a liquid fraction having increased catalyst fines content
relative to the liquid substantially free of catalyst fines and an overhead or gaseous
effluent fraction having decreased catalyst fines content relative to the overhead
from the quench step. The catalyst fines content of the overhead from the quench
step can vary depending on the efficiency of upstream cyclones utilized, e.g., in
the catalyst regenerator, as well as upon the catalyst fines content of quench water
recycled from the bottoms of the quench tower that contain catalyst fines. The
fines content can be dependent on the effectiveness of treatment, if any, of the
bottoms prior to their reintroduction to the quench tower, as well as the relative
amounts of newly added quench water which is free of catalyst fines with recycled
sources. Such treatments can include quench water separation treatment, e.g.,
water-methanol separation, e.g., in a stripper.

[0103]} The liquid substantially free of catalyst fines typically contains less
than about 0.01 wt% catalyst fines (wherein the catalyst fines have an overall

diameter of less than about 60 microns, say, from about 5 to about 50 microns),



10101] A liquid substantially free of catalyst fines is introduced at a
point above (or downstream of) the trays or packing materials in the
vapor-liquid contact gzone(s). [01021 The overhead fr t he quench step,

-whi ch typi cad%P3BEHHE at | east about %€0001 W % ., at least about
0. 001 wt % < st 1aBapty-Q. 01 w % <7 g., from abowlkrR;QMA414:9, about
0. 05 M%%‘ﬁ%ﬁ%‘%’%g% fi nes whose overall particle dianet ng {s | ess 'Ehan

“about 60 m crons, say, fromabout 5 to about 50 mcrons, e.g., from about

10 to about 30 mcrons, passes tproagqgh g_vapor-l isgui d  contact zone. The
vapor - | i qui cE-BolesnthangoutohBOL Bt satabust dines. mrstlessghan abgus QA0 V%R or i qui d
whi ch is subst i.all r I of I i t ! ess it han about
60 m crons, eéﬁegﬁtgésf {rhg%% %bggﬁtoq@op?)ma /(o)uotf %gaqﬁcéngg’s?'gga@?gl 3 %O%&gb%bl? 910 to
about 30 ni@pE09s WibEtd kit . GosbetBrificatalygt fin@e Saéh tighial saatbef dbigiied ont ai ns
a concentration of catalyst fines |ower than the overhead fromthe quench
step, such tihem anyeuifallssourcequpwdignt davidnef lewoor Be satalyst forsi centemit i on

havi ng i ncreased,ca t_fines | at | o _t.h i quid.
hay g o ARG PR s cak e 8! BRel Al B ey | o
fraction hauhagofi®GicBased thetalhalst ihéamtaRtqitenient aitheranttReit BERMPr head
fromthe quench step. The catalyst fines content of the overhead fromthe
quench st eptaarorvasr fyeatesh éndi riepst parttadly efefriove enatajysd fiingps Buidabie speicenes
utilized, e..g.. .i the catalyst regenerator,. as well as .upon the catal yst
fines cont erifclyge (hegmafenils e Tordhs BRvEen Rl dhnplelBs BBFPOBNDIGE MR RCh 1 ower
that contai n,Gatdkey sbhné bP@Rygelt, efd NGEhGA! SRixcAARHD a2 PORAE RbuREs t he
effectiveness of treatnment, Tf any, of the bottons prior to their
r ei nt r oduct iincludowhatee otagred Hrdmwestrippes, wiath waser hhebeeal fdtaredor otheowites of
new y added quench wat eté which is free of catalyst fines wth recycl ed

t

sour ces. SudFrateddaiherittie E%HWT‘WC?%%IEStcﬁ}Eﬁ GRMigat: 93_0“5‘@5 & hoplsh f‘fteide‘&%tﬁ’fa nt,

e 0. WAl el lbA0ked SRR Bab? ThoifersTare hido HeShidIPRBIrced G0 Tfuiad AU
substantially Tree of catalyst fines typically contarns |'ess than about

0. 01 wt % catsabstaitidlyrfe® ¢Mwrilgsinfitidde givah ahais low ioR@snfeaiseenataahst ghés

di aneter of |ess than about 60 m crons, say, from about 5 to about 50

m crons), 2098BO%I APP. -26- O | kWD 2005/0171172N .u. ED .Zk _

PCT/ 11S2110 934 : esS;: 1k Qui:0.001 0 tal yst. fines, say,
| ess than aﬁég‘%cﬁo. OOOJISU\%F%%BFC‘:L even (grsa‘é&? é‘%“ bfge%to%&(%gglﬁ\ll%‘%agfﬁecat al yst
fines, e.qg. trdaftd3b RemdveCsh adMteat as necessary by heat exchange with other streams of

the oxygenates to olefins conversion process or by any other suitable means such
as direct heating or cryogenic treatiment, e.g., in a heat exchanger used to treat
quench tower bottoms. Typically, the liquid substantially free of catalyst fines is
cooler than the quench overhead it is used to treat, say, at least about 2°C, e.g., at
least 10°C or even at least about 15°C cooler, typically from about 2° to about
‘? 10°C cooler. Temperatures of such liquid can range from about 2° to about 8°C,
e.g., from about 3° to about 5°C.
[0105] The present invention by providing additional treatment to quench
overhead using hiquid substantially free of catalyst fines, reduces erosion on
downstream equipment while in certain istances providing additional heat to
oxygenate-containing feeds to the reactor.
[0106] Referring to the FIGURE, the method and apparatus of the present
mvention are depicted in a schematic process flow sheet. Regenerator vessel 10,
in which can be placed cyclones to at least partially remove catalyst fines, is

operatively connected to reactor vessel 12 which is fed an oxygenated feed via



0. 000005 wt % to about 0.005 wt % of catalyst fines. Such |liquid can be
obtained fromany suitable source providing a liquid of | ow or no catal yst
fines content. Exanples include sources of oxygenate,_e.g., nethanol, and

Swater or m R0BRSZIARNEEeOf which neet the catal yst fi& content requirenent
either ip ok /o 'I-,?!I!m.ﬂ“j}_i@t.}y_tﬂe;!_}nor_ as tredted to at Ieas!,cp ,rs%‘;,,g,,ll%ﬁ enove
catal yst tines. abl e sources include the oxygenate

oxygenate to ol efins reactor, -which nay contain oxygenate al one or
oxygenate, e.g met hanol mxed with water. Other sources. include water

obt ai ned f r dwcal & Mhighean bWP@ﬁZ%E%feeﬁa‘@P%@ﬁ 165 pricarta dnigpdusting tqiiths
treated to B! DEkeny il iifle 93! Hehiied LRGSR eMlyed RSPl L €1 T eed

wat er e as eed for eam eérs a esirab sour ces of such

liquids subgseaptdiad 10/td fegenepltof adtallystShilef lsl%oeﬁbfét%ﬂ dabiyst id AWe® from
non- exi st ent catalyst fines content. [0104% Such sources of l'iquid
th
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quench tovve(r;:1 got t ongo}ﬁl'l?/%fec Ewa%eﬂtee)ﬁchéhg,@a gu }gtagﬁﬁl a q{?ﬂ#?g%do t%{it al yst
fines is cded efa a2 tdlmatqeualaah tdmrtmaﬁdmbt.sy $ntuRinded ® fuenah towery26 at | east
about 2C, e.g., at |east 10C or even at | east about 15C cooler, typically
from about 2vhese absipves vpwardhyEad corepiseRat yrRY- RIS GeRaPRRE ZONC AR & ange

from about 2 ;N% P@ytpa% 1&(@,9 CO%%{I ﬁg) @P%ndgc% thtol 1§t%ddcg&%a] hne{: ead

pr esent [ nve tl on pro rea uenc over

using |iqui dgsyhich aidyl tsd fell bﬁ/raeﬁrdéﬁl daivall iohn GudiRe, toweldw&ﬁnﬁaﬁai §onmoN
downst ream equi pnment while in certain instances providing additional heat to
oxygenat e- c dimelrmontpinisg deterooxygenatease.ometia0a08id Reédlpstfiney The stteem| GURE,

(e ot hod 58, BRSOl RBREEN! ' BNSR OME RRALED TR 1 e
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connected to reactor vessel an oxygenated feed via
2003BO71APPtd being 2direct8dOt@ 1111161 [ 2/81 1"1[1761 :h:ﬁlﬁnc'he@CthﬁS%l WiiEd 1&m3 4dntain
problematic amounts of catalyst fines is passed to a treating zone where it
undergoes additional vapor-liquid contacting in a second vapor-liquid contacting
zone at a point upstream of compressor 68, this time with a liquid which is
substantially free of catalyst fines, providing a vaporous overhead of significantly
reduced catalyst fines content. In one embodiment, the vapor-liquid contacting
zone is present in the enclosure of the quench tower itself. In this instance the
second vapor-liquid contacting zome includes a liquid draw device such as
chimney tray 36 wherein quench overhead passes via chimney inlets and from
which can be drawn off liquid collected in the tray via line 38. The thus drawn off
liquid contains catalyst fines taken from the quench tower overhead, and if
containing water in excess of what is suitable for an oxygenate to olefins
conversion reactor feed, can be conveyed to a stripper 40 (from which water is
taken off via line 42) prior to being conveyed to feed vaporizer 15 and thence
introduced to the reactor vessel 12 via line 16.
[0107] Positioned above chinmey tray 36 is a bed 39 providing surface

area for vapor-liquid contacting, which bed can comprise trays or suitable irregular

or regular packing as is known to those of skill in the art. Above the bed is an inlet



line 14 which can be vaporized in feed vaporizer 15 prior to introduction to
the reactor vessel 12 via line 16. Depleted catalyst is renoved via line 17
to the regenerator 10 _to regenerator catalyst inlet 1 Regener at ed
catalyst is ﬂ‘éﬂ%@%’“ﬁ?BF.t he regenerator via line 20 t he bottom of the

react or VRs§8hyshAdro7YAROr qusy Hieptial yst fi ne¥-cont ai ni ng Pre@nesfldloygnt is
renmoved fromthe reactor via line 22 and directly or indirectiy (via heat

‘exchanger 23 which utilizes boiler feed water fed via line 24 to nake steam
taken fromline 25) introdyced to quench tower 26 where i noyes upwardly
and cont act sfqrriméom {“F‘Palﬁ}‘%ﬂ%ﬁ X%FFR& c3iglyst bresyia g gt iigiibupsddi ng

| i quid cont ajny I - i i [ i . i ch may
be fed by a s({yrig%\ﬁg%?ﬁve %%ﬁé@%ﬁp ?&eobgtgé%%sgﬂ%aak%rﬁ#%g ﬁ]f%ﬁ}nﬁ.g 30

cont ai ni ng WadtRtantiaky freaal eataBsgfinesrsuttapalcandclods dbijat febd Rager fdheiast r eam
fromthe quench tower bottons can be optionally heat exchanged in heat
exchanger 32lisad¥®psironred | Yaist riigipedn exygenatpryvaerngiripeherinatioe $&pr at or

34, prior to bein irected tao l.ine .~JThe_quenched .over hea i.ch can
contain pr oBPmFg%Gd%’ﬂ@ﬁﬂ%\tg f%er% Vé@i?lgls %Zt T]ﬁ tﬁ%agef%veb_ %age%‘:"f’d”el?i‘% \ﬁ\ggly *'ng zone
where it UNERLOORS pREIdhRRA by \¢BRAENE Wih thellfhd Sltstially Zres 8ECRMyst
vapor-liquid contacting zone at a point upstream of conpressor 68, this

time with a fineupabsestout lofiaddenastisihitcamtl lay tHertep obthecquiemkly sdwér emeRsuner ovi di ng

a vaporous overhead of signjficantly reduced catalyst fines content. In one
enbodi ment, Py §pkCy ie&g?’éi‘e‘éolr‘l‘il‘ﬂé-t ihg qugRRed §“Bré§‘§ﬁ‘i‘ ¢verhead whichosure of

the quench tower\ ﬁqﬁﬁéfnouh{% &ﬁa&é&%%@é‘g&»&g& vi%etﬁ%”% Yoaﬁ%rréédv% flain
contacting zone includes a |1qui raw devi te such as chimmey tray 36
wher ei n quenﬁh\j&vm?eﬁauwm @ptivha ksl Sy suotot Gruangs fwikioh rwhbeR fan be
drawn off liquid collected in the tray via line 38. The thus drawn off

li qui d cont apeditienal dgyisk fofmpdin thglguendhed ind higalgd erverhead wier Lin &l paerdto and i f
cont ai ni ng water_i [ eXCess ﬁf V\@@t i S 1s%itasts)é£ .focrt n tQXégenate to, ol efins
conversi on r ASEUBFESFIR €0 The REeTagad, BRI PESU Sty 8 MG GOPFSHCOAIRh wat er
is taken of fif s lalrBRiyAgassd 1004 pést-qRendhOraeiue eskried f88 k)@ RRfduge s 15 and
thence introduced to the reactor vessel 12 via line 16. 10107] Positioned
above chi megecondyor3birdy vapdrd]udd cpntesting zoge a2 fadmguresl asndésoribedapmrvel i qui d
contacting, which bed can co ise trays or suitable irregqular or regular
packing as i ¥1RGHFct & ?]FFOQ‘égﬁ] b Gl Ie“']ﬂs’“llﬁgx‘é‘?ﬂt% ?flﬂpgt ﬁeChH@’EFﬁ 3%n0 i nl et

2003B071APP. fiQuid (and catalyst fines) being drawn off via line 60. This vapor-liquid contacting
zone 62 can be either a substitute for or, in addition to the vapor-liquid contacting
zone associated with the quench tower and can be located in the suction drum 58.
The liquid substantially free of catalyst fines is introduced to the suction drum 58
via line 64 which can be fed by any suitable source, including line 46 which in
tum is fed by any of lines 48, 50, and 52. Treated or untreated overhead from the
suction drum 58 is taken via line 66 where it is directly or indirectly conveyed to a
first stage compressor 68. The compressed overhead from the compressor 68 is
conveyed via line 70 to a recovery train 72 providing recovered products via lines
74, 76, 78 and 80.
[0108] While the present mvention has been described and illustrated by
reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to variations not necessanly illustrated
herein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.



~i 29 | rwoznus/nt7nrz1U. ~.""'.:.9.. 11:131 3r.;!l. PCT(l1S201141t119341 for
introducing liquid substantially free of catalyst fines via a liquid
distributor 44 fed fromline 46 which in turn can be fed by one or nore
suitabl e sources of liquid substantially free of catalyst fines. Such
sources include boiler feed water fed,yia l|ine 48, stripped water from an
oxygenat e-water stripper via line 50'3%' unvapori zed oxygenate feed via |line
52. The treated overhead fromwhich catalyst fines have been renoved by
contacti ngpWiksg the liquid substantially free of catalyst fines passes out
of a dem<Ster 54 |located at the top of the quench tower enclosure which
collects entrained |iquid. The quenched and treated overhead which contains
| ow anount s ofAc%tCaSI ¥t Ofiglgs con\éegtggo (\)/]i A line 56 to the recovery train

whi ch mayi nclUBECRS QTS HANS PRyRSPAE {48 wRICh FOBRURE 58 whi ch renoves any
addi tional |i giehddctity aRdddisektddenpeiviapoRggknatadvith Laitabgbt ov@phigagavi a 1 i ne 60
prior to a caonpression step. The qverhead can be passed directly to the
conpr essi ‘Bﬂ'e%‘tlérﬁ‘e"(:i“fld‘?rtcoﬂ%lg‘”&‘»‘l silegtye g peeduge ¢ geastivyed cajulsidnvingeat er as
descri bed. Abax&buledolit O RodiREEQRGsUY saldU1EfHs; vapor -1 quid contacting
zone 62 configured as described above wth respect to the quench tower

encl osur e excepparfiting dadldeactfyatedaataipsefrom said, productei plo{idaa sepatagddy st f i nes)

bei ng drawn off vi.a tI i neiaoGO’t .Thi gﬂ V?Por-_l iquid contacting zone 62 can be

ei ther a SRBIKF productegpch fontains calalyS 1855t o 't he vapor-1iquid contacting zone
associ at ed W tduehdhengat@haraRdeap@oek gradud &ith@dRfufimédiuh@naliéid on drum 58.
The liquid substantially free of catalyst fines is introduced.to the suction
drum 58 Wter andicatalyst (pdscin @ amopat suEecigy forrfornaing g dighpredist &actigme udi ng 1 ne

46 whi ch dohnrisih 'Tigjr)??lgﬁ?st:ﬁﬁgﬁﬁ}&s _mésiag@ﬁ hé&ry QucBRStRA -compRghE Val¥,

unt r eat ed 0\}3erh a suction drum58'is taken via I'ine 66 where it
i s directhepvier hydneliartwns hyd cbalystfieds;t o a first stage conpressor 68. The

conpressed overhead f t he, ¢ ressor. 68 is .conveyed via line 70 to a
recovery trai ﬁre? H%Faéé/ﬁgl}tﬁéoquégfg%%%%y[S?Ig%glﬁsw'w hﬁ"‘ﬁﬁgléyge?%? 76, 78 and 80.
[ 01081 Whiub&aithdly fifce 9€ Sdtalyivimiat toqitotids a ligkpro®rcirhdingd haviglgirdduust r at ed by
reference to particular enbodinents, those of _ordinary skill in the art wll
appr eci at @talyrhfingsronteatak g g Bagioniof gerqasqdofings contentotndd Hapid necessari |y
i1 T ust ratgdoehgr &bltantfdly fhedic? c48R8Mhes bR sclé Bl LhEN Gk SbAYLshsRengBde sol ely
to the ap%%ﬁ%led cl gri]rrs&f or pﬁr g‘gses %f dé«;ir’eerm' ni ng thg:,\r lt(f.i)élueSscré)%gldof t he
present imetbartal emd ethanol;

compressing said light product fraction having reduced catalyst fines content; and

recovering said light olefins from said compressed light product fraction.

2. The process of claim 1 wherein said liquid oxygenate substantially free of catalyst

fines is methanol.

3. The process of claim 1 wherein said liquid oxygenate substantially free of catalyst

fines is at least a portion of said feedstock comprising oxygenate.

4, The process of claim 3 wherein said feedstock comprising oxygenate is heated by

said treating.

5. The process of claim 4 wherein said heated feedstock comprising oxygenate is

contacted with said catalyst comprising a molecular sicve.



-29- CLAIMS 1. A process for converting oxygenate to ol efins which
conprises: - contacting a feedstock conprising oxygenate with a catal yst
conprising a nolecular sieve under conditions effective to produce a
deactivated catal yst having carbonaceous deposits and a product conprising
said olefins; separating said deacti vgggd catal yst fromsaid product to
provi de a separated vaporous product i ch contains catal yst fines;
guenchi ng sai d separated vaporous product with a |iquid nedi um containing
wat er and catal yst fines, in an anount sufficient for formng a |light
product fraction conprising |light olefins and catal yst fines and a heavy
product fé-act il peeepy digilaig hwherein saiddimuiderxypsratonibstboilydred of astalysist fi nes;
treating said |igh t, fraction by..contacti with a liguid oxygenate
subot anti e P qop@iegth B4kl A Bn e SRR I Be'tyBeBic ity T o on
havi ng r ediutye whiel by-podudtiwvees is cotidensed anglre@overg uhidaid @edtédxo refuce ncr eased
fines content, .said |iquid oxygenate substantially free of catal yst fines
bei ng sel SV RSSH#MERE group consisting of nethanol and ethanol :
conpressing said light product fraction having reduced catal yst fines
content; and recovering said light olefins fromsaid conpressed |ight
product f7.act i’ Ow.processitieclgmolcwbereinfsaid axy ganhtewdompeises reethahol.i qui d oxygenat e
substantially free of catalyst fines is nethanol. 3. The process of claim1l
wherein said |iquid oxygenate substantially free of catalyst fines is at
| east a pRrti orhe@iroedd of disimdisivherkinaaidigull medio cgataming: waker iSkeriypdocess of
claim3 erein ﬁai d feedstock conprising oxygenate is heated by said
treati ng. rYN AFHCH SPWRIEOHOBE. | ai m 4 wherein said heated feedstock conprising
oxygenate is contacted with said catalyst conprising a nol ecul ar sieve.
-30- 6. The process of claim1l wherein said |iquid oxygenate substantially
free of cat al yBie prédesesl dlamcbwhereimedidi queinh-ipwerchadtomsatepassadshioogh o
cont acti f 1 oxygenate with sai C I ' Hy- t water is
condensed i onl MR AR, Pretted Tt aihg Y Ehunel Sl 5P BFHRL s "Sont en
being cycled to said quench tower,

10.  The process of claim 1 wherein said quenching takes place in a quench tower
wherein said liquid medium containing water is introduced above where said separated
vaporous product is introduced, and said treating of said light product fraction by
contacting with a liquid oxygenate substantially free of catalyst fines occurs within the

quench tower above where said liquid medium containing water is introduced.

11.  The process of claim 10 wherein a liquid draw device is placed above where the
liquid medium containing water is introduced, from which liquid draw device said liquid
fraction of increased fines content is taken; and said liquid oxygenate substantially free of

catalyst fines is introduced at a point above said liquid draw device.
12. The process of claim 10 wherein said liquid draw device is a chimney tray.
13.  The process of claim 11 wherein a vapor-liquid contacting surface is placed

between said liquid draw device and where said liquid oxygenate substantially free of

catalyst fines is introduced.



7. The process of claim 1l wherein said oxygenate conprises nmethanol. 8. The
process of claim|l wherein said |liquid nmediumcontaining water is derived
from quench tower bottons. 9. The process of claim8 wherein said quench
tower bottons are passed through at |east one of a quench heat exchange
step and a water-net hanol separation ﬁﬁep before being cycled to said
quench tower. 10. The process of clairm1I wherein said quenching takes place
in a quench tower wherein said |liquid mediumcontaining water is introduced
above whe Say eld b 8.1 . . 53§ d
roating of ooyt FORE &l HRRLON Sall AR loul PodnieliREMARR, 13l |
oxygenat ebysai bhssiamteinadteryal selededfromahagrgsp cdrisizensg ofmuden padking stimeuredjuench

t ower above where said |iquid nediumcontaining water is introduced. It. The
process dFmEW§PW$36WVherein a liquid draw device is placed above where the

| i quid nmedium containing water is introduced, fromwhich Iiquid draw device
said liquid fraction of increased fines content is taken; and said |liquid
oxygenat el substhgmreess §f dlaimel dovhereigpadepisting dewse isplacad prygadyrateid poi nt
above saig, i QWi I : £ | aim 10 wherein said
l'iquid dr%l%gﬂgg%ﬂlé glmgggﬁ%lmil&t%rcg{é%t %gqﬁﬁgmgécgg'ess of claim 1l wherein a
vapor-liquid contacting surface is placed between said |iquid draw device

and wher e, sai liquid o enat e substanti al l ree of catalyst fines is
i roducelf - g sess g eBSnaigtiehing ket aflEThRen | qui o
cont act i nghé&binfs@agiquRl MEQMEABRtainy Wited i€ afifod0NR BBV EWhat ssiglsgsbfel from t he
group consi sting of random packi ng, structured,  packing and trays. 15. The

process ofapefoxp pofuchimByreppced, adppiskiraatngielsaiddighs prpdyetdirclpnoeuither e sai d

l'i quid ox Cg,ﬁ{;g&ﬁnw%i& LRldwerfree of catalyst fines is introduced. 16. The
process of clarml erein sald quenching takes place in a quench tower

wherein said liquid mediumcontaining water is introduced above where said
separ at ed,., vapgrous product js introduced,.and said treating. of said |ight

o oduct 1 Fact | it Rseetn & cHibh She Bl e aiR Are dharients HEE ocess of
claim 1 whel @dafing of shidligNGhddugt fraief aleat BartiBl RoduB Hwrs@¥ inedd  sai d
treating of said |ight product fraction at |east partially occurs downstream

in a suctucten mpm

18.  The process of claim 1 wherein said quenching takes place in a quench tower and
said treating of said light product fraction at least partially occurs downstream of said

quench tower in a first stage suction drum.

19.  The process of claim 17 wherein a vaporous effluent from said quench tower is
directed to a suction drum intake from which liquid is removed below said intake and a
vaporous overhead taken from the top of said suction drum which is directed to said

compressing step.

20.  The process of claim 19 wherein said liquid oxygenate substantially free of

catalyst fines is introduced to said suction drum above said suction drum intake.

21.  The process of claim 20 wherein said liquid oxygenate substantially free of

catalyst fines is methanol.



18. The process of claim|l wherein said quenching takes place in a quench
tower and said treating of said light product fraction at |east partially
occurs downstream of said quench tower in a first stage suction drum 19.
The process of claim 17 wherein a vaporous effluent from said quench tower
is directed to a suction drumint ake_?%r_om which liquid is renoved bel ow
said intake and a vaporous overhead tdken fromthe top of said suction drum
which is directed to said conpressing step. 20. The process of claim19
wherein s d | i deQX ¥HQHA 20 HES AR 1Rful Vo dykERuOdubstartialyViade Jri nes i's

i ntroduced to said suction drum above said suction drumintake. 21. The
process ofatdysilmeDl apvest@iportsa of shid deddgtoolk gajepraing eiygeradmt i al |y free of
catalyst fines is nmethanol. -32- 22. The process of claim?20 wherein said

i quid oxygenate substantially free of catalyst fines is at |east a portion
of sai d f2kdst Blekprocsspofl dhing2@xligreinatid. ligdd] oxligenans abetantidlfy fedeaifm 20 wher ei n
said [iquid oxygenate substantially free of  catalyst fines is contained in
by- pr oclucFAHASANE P GANEE ﬂ%ﬁtﬂaéwtﬁ@t%f r%@l(ﬁ%f@@éﬁ&& el e oRyBRaedvithat al yst
whi ch by- pr@eiialstehieh bl préRbosteed chiicAsedSh 9 Y&bYery thit apltledtb et €d tO
reduce catalyst fines content. 24. The process of claim 20 wherein said

f eedst ockreduegpaiadyshfnengpgtentt e conpri ses nethanol. 25. The process of claim
20 wherein a vapor-liquid contacting surface is placed between where said
i quid oxygenate substantially free of catalyst fines is introduced to said
suction dzaim amiek jratads sfidhinD20 dherini saidefkaisto2b conipuésipg oo@ssatotomprésesn 25
wher ei n sai celéva]por-l iquid contacting surface is provided by at Least one
material 2&"88%led fromthe group consi sting of random packi ng, structured
packi ng and trays. 27. The process of claim 1l wherein said nol ecul ar sieve
is selected fromthe group consisting of ALPO-18, ALPO- 34, SAPO-17,

SAPO- 18, ZAPO- Bk praerss spam2) whereinaanspel-iiquié donjacsinp sunfsrgriepliced28.  The

process o | ai L. i j i Ihe process
o ol ai m tetipgl Shehe SFEH ROl R BebUPerlyPfieS KnedieodlB? PYPRES
cont ai ns adid hesdst daloaid Qidduciibn dueaihmky.st fines and said |iquid oxygenate

26.  The process of claim 25 wherein said vapor-liquid contacting surface is provided
by at Least one material selected from the group consisting of random packing, structured

packing and trays.

27.  The process of claim 1 wherein said molecular sieve is selected from the group
consisting of ALPO-18, ALPO-34, SAPO-17, SAPO-18, SAPO-34, and SAPO-44 and

substituted groups thereof.

28.  The process of claim 1 wherein said molecular sieve is SAPO-34,

29.  The process of claim | wherein said liquid medium containing water and catalyst
fines contains at least about 0.01 wt % catalyst fines and said liquid oxygenate

substantially free of catalyst fines contains less than about 0.01 wt % catalyst fines.

30.  The process of claim 1 wherein said liquid medium containing water and catalyst

fines contains at least about 0.001 wt % catalyst fines and said liquid oxygenate



substantially free of catalyst fines contains |less than about 0.01 wt %
catal yst fines. 30. The process of claim| wherein said |iquid nmedi um
containing water and catalyst fines contains at |east about 0.001 wt %
catal yst fines and said |liquid oxygenate -33- substantially free of catalyst
fines contains | ess than about 0.00 1 % catal yst fines. 31. The process
of claim1 wherein said liquid nediuﬁ? ontaining water and catalyst fines
contains at | east about 0.0001 Wt %catalyst fines and said |iquid oxygenate

su?sltanz | Bblidhfallg fre@br CAIN YiREs EdrRA: BT ddul €861 RDANaARANTinG, 0001 Wt %
catal yst fines.

31.  The process of claim 1 wherein said liquid medium containing water and catalyst
fines contains at least about 0.0001 wt % catalyst fines and said liquid oxygenate

substantially free of catalyst fines contains less than about 0.0001 wt % catalyst fines.





