07 JUL 2006 WD 03/059850 PCT/ US02/ 39644 1 REDUCI NG TEMPERATURE DI FFERENCES
WTH N THE REGENERATOR OF AN OXYGENATE TO OLEFI N PROCESS FI EL{D; Qf| THiE

| NVENTI ON [ 0001] The present invention relates to a nethod for reducing

t enper at Ug@ g3/diokicer €nces within the regenerator of an oxy@ghabshp ol efin
process. CQ,KGRCIJND OF THE | NVENTI ON [ 0002] Light olefins, defined herein as
et hyl ene, propylene, butylene and m Atures thereof, serve as feeds for the
production of nunerous inportant chenicals and polyners. Typically, |ight

ol efins are proRERUCBYGTEMPERATYREIFFERENCGES WBHENIEH! the |imted

ol Vi o "o bR BIERPOORFE AN B335enh it TORMAHN bBTAS D) °dere, oo

| i ght ol efin production technol ogi es based on alternative feeds have
i ncreased. [0003] An inportant type of alternate feed for the production of

| i ght ol ef i RELD QF GHFJAVENTIONIch as, for exarrpl e, alcohols, particularly
nmet hanol an hano di.met hyl..et h rret h th | et hyl ether,
di met hyl &B@ at e, Lf&ﬁafeﬁ%’? w%nnq ﬁéeé %‘fidg rr%(%ucglgq%@edgtﬁﬁet es may be

produced bydlﬁefeff@dawaﬁmpmﬂég@néra@mf@mp fe3o GREnPyckdsed from natural gas,

petrol eum |iquids, carbonaceous materia i ncl udi ng coal, recycled
plastics, nmunici aI wast es Qr anl c material. Because of the w de
vari ety of B ROURND SH derivatives, and other oxygenates have

prom se as cono r &@q‘; n producti on.
[ 0004] The al yst ?%ﬁbﬁﬁ?%ﬁgmﬂt&eﬁfﬁe r?\%ggrgﬁ%eﬂé P%%(e%g%dat es to olefns

are nol eculmrxtmesathereofasquaa&edsﬁenthapmdwhmloénmnmds jmpmotahtene are t he nost
sought aft ts of suych,a.r research_has focused on what
catal ysts a &@ ?8][3’&?{'31 \lﬁg’pf"‘@u%vﬁﬁ& %‘Fﬁma?ﬁ%ma“ﬁ%ﬁﬁaék’eg and on net hods
for increaspi@iduifretdsd Beddile ok Bffited Sipplyadf cbﬁﬁeﬁ%%&§kﬁmtf&d§t hyl ene and/ or

propyl ene. [0005] The conversion of oxygenates to olefins generates and
deposi t s cathboppwbwiiiss tepreducallow cest bhtelefing ompetolehmrfeedsave cat al ysts used

to catalyz eliﬁlﬂgd. OEonrf]s t(l)J dé‘ve?o%q?ght olefin production technologies based on
alternative feeds have increased.
[0003) An important type of alternate feed for the production of light olefins
is oxygenate, such as, for example, alcohols, particularly methanol and ethanol,
dimethyl ether, methyl ethyl ether, diethyl ether, dimethy] carbonate, and methyl
formate. Many of these oxygenates may be produced by fermentation, or from
synthesis gas derived from natural gas, petroleum liquids, carbonaceous faterials,
including coal, recycled plastics, municipal wastes, or any organic material.
Because of the wide variety of sources, alcohol, alcohol derivatives, and other
oxygenates have promise as an ecénomical, non-petroleum source for light olefin
production.
[0004] The catalysts used to promote the conversion of oxygenates to olefins
are molecular sieve catalysts. Because ethylene and propylene are the most sought
after products of such a reaction, research has focused on what catalysts are most
éelective to ethylene and/or propylene, and on methods for increasiné; the life and
selectivity of the catalysts to ethylene and/or propylene.
[0005) The conversion of oxygenates to olefins generates and deposits

carbonaceous material (coke) on the molecular sieve catalysts used to catalyze the



WO 03/ 059850 PCT/ US02/ 39644 2 conversion process. Over accunul ation (ﬁ t hese
carbonaceous deposits will interfere with the catalyst's abil i[.\t']y\llﬂo2 onot e
the reaction. In order to avoid unwanted build-up of coke on the nol ecul ar
si eve cat @lo/sfoseskd’€ OXygenate to ol efin process incorpopet/gsozasaecond step
conprising catal yst regeneration. During regeneration, the coke is renoved
fromthe catal yst by conbustion with G'r%(ygen, whi ch restores the catalytic
activity of the catalyst. The regenerated catalyst then nmay be reused to
catal yze t heowersiersoass. Sfveracpgoniatiensof these cabpraseoysglepaits ngi cal ly,
oxygenate to olefin, conversjon.and regenerati on are n ed in tw
separat e vedUeHere Wit ec%%bﬁ{%a}t‘@lyg‘ym e ﬁfﬁagtﬁ%lugq ?/rdgvﬁq? %g(rﬁgvm fromthe
reaction vesg@hntsSHEId@y of OV & B aibldchladsitROR0RYsH thedkygemteto ol

regenerated catalyst is continuously wthdrawm fromthe regeneration vessel
and r et ur n@tbces ingpeparaieta segend tepseomprising caalysirsgparatipndyPEU. S. Pat ent Nos.
6, 023, 005 and 6 ' i ﬂqﬂﬁér L.h by

r ef er ence, (ﬁ?gseg?r(%)tg%’ an%t%ﬁ%‘pggé}?&{)e(rio hg@ﬁgﬁ@gﬁﬁ}%ﬁ{éﬂg%%h%gropy%mﬁe by

catal ytic cohdhestoms tie catilyge activityiofi the chialyisdThe cegbeedatebeatdlyshkhepr ocess  whi ch

utilizes catal yst regeneration. [0008 ur opean P tgg% Appl i cation EP
1142639A1 dimaybsJeusedtofatazs thercopversign piRxyaFnales ie urce of a

hydr ogenat i npo : ol SSRbUBE: th'd1Rin 28R Sreccsi@la¥Biet O @

non-zeol i ti gﬁhn(%fecupgygﬁ%aﬂ \Sl%yuat a|t§?{6|1c par te?%%%ae %VI tgl}? ﬁ?tfl e or no
reducti on i romductedimtveo sepiratervedselspFlmdolied ¢atghysd isadntimtoatly twithdpemf or mance in
hydr ocracking, catalytic deﬁm in]gc, and i soneri zatjion of Waxy feedstocks to
provi de i np © FHGHPTL BT B5c ifp .Onﬁé‘oﬁﬁﬂlﬁg’r?mﬂﬁeséﬁlr?ﬂ nent can be added
to the cat q@eﬁératea chiiSstliQEdRiRho Rl RhdrR e RodlithSlefitiRbAbADERE abli! ) conpl ex.
[0009] U.S. Patent No. 4,350,614 to Schwartz teaches the introduction of a
pl at i num gr cetprnee tathe radiidn wessebfor abywstsiann a | ui di zed catal ytic cracking

Fegener at ontBghe t% BRen I ch i 0B A S o R U AEL T ather than i n
the dilute phasdatbdRI6h Yy dedhdeNdisébe hahRR R broatcial éthflefddddal bet ween the
two phases, markedly reducing the tenperature of the dilute phase while

onl y noder atrednyldang by calslyh¢ canyersionaipryesnate in ofluidized bréreectioh amsess
which utilizes catalyst regeneration.

[0008] European Patent Application EP 1142639A1 discloses a process for

adding an active source of a hydrogenation component dissolved in a non-aqueous
solvent to a non-zeolitic molecular sieve catalytic particulate with little oL no
reduction in micropore volume to provide improved catalytic pcrformaﬁcel in
hydrocracking, catalytic dewaxing, and isomerization of waxy feedstocks to
provide improved lubricating oils. The hydrogenation component can be added to
the catalyst in the form of a bis (beta-diketonato)metal (II) complex.

[0009] U.S. Patent No. 4,350,614 to Schwartz teaches the introduction of a
platinum group metal modified catalyst in a fluidized catalytic cracking (FCC)
process in cbmbination with increasing the oxygen input to the regeneration zone
to burn carbon monoxide in the dense phase rather than in the dilute phase
whereby reducing the temperature differential between the two phases, markedly
reducing the temperature of the dilute phase while only moderately increasing the
temperature of the dense phase.
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4,072,600 to Schwartz and U. S. Patent No. 4,151,121 to G adrow el al.

provi de additional disclosures pertaining to the use of platinum group
metal in GBoPudegdti on in FCC units. The catal yst contai rroTgusopb®d4 num gr oup
metal used for carbon nonoxi de burni n% in FCC can be used in the presence
of water and is highly active, such tlkat an al um na support can be used.
[0011] In the regenerator of a nethanol to olefin (MO _process, in the

absence of KO contlii8tRatent PoohBT%e00+e Sshwartzand US RatenNoof car bonaceous
deposits to i rel ati i . As a result
of its sl oe\b?g’;falttfgﬁ%ﬁg%ceg%é@gd gﬁa@ﬁm%@égg%l{)%eg&&%g tgiﬁw%/?g Ot(‘:orrpl ete
within the plev@im gbapaety iSO oxidatibeinfiCC dnilveThe ey cattaining\When thi s
reacti on occurs in the upgper, .dilute zonge, .,the re i a tenperature rise
that can eaE‘iaY‘W’éﬁ@é‘BéF’el‘gS@d f?h?%“%@%ﬁﬁr‘?ﬂﬁ“’?%%%ﬁﬁ‘?e ¥ierred to as
"af t er bur ni fg 1rechifde O BhfeR hitfis ibhly Vet REdh thitiahWheniRh 8RR kafind €gener at or can
|l ead to excesgl ve tenperatures, causing damage or potential failure of the

regener at or usedssel s or ot her conponents contained wthin the vessels.
[0012] Many als are known to pronpte .the axi Lon of to CO2 An
exanple is {‘ﬁihuse 315‘ Tegfne: rl{’ﬁa ”glaﬁ‘?itt%ﬂ?fmgﬁi@ﬁ\%(}cf?rl ©an aut onbi | e.
However, thegenRR (B bethBusBbieproRWR mefil GRS SidaRn e dsbordsoudi th 11 ght

ol efins and hydrogen, such as hydrogenati on or hydrocracking reactions.

Such react i derwsitate CQiisdast irelatbiedo the canversigefiCR ¢xCOp Ad agkuliofptsocess, as they

woul d cause a reduction in. t 1 e of ese |light olefins 0013]
Accor di ngl y?lo}vfr r\?{%u{hﬁ BRVY ‘it}fcét{to %6%)%”8&:"‘ gra%sr%%%g%te (ﬁunntg?(}o ' olefins
f r om oxygenaiie phdse bf ¢ TustSbed regenst e SVRdn! thisReHclbi 8oouft ih iR ppaiener at or by

enpl oying a CO oxidation nmetal to conpletely convert the carbonaceous
deposits t 8ildorong theiresultiiba rapgmtushrissdhacan ersily expend 1 84°6r Thisi t hout

o 00 1120 S 5o o SRR AEHAB B Gt Y0512L 10

dilute phase of a regenerator can lead to excessive temperatures, causing damage

or potential failure of the regenerator vessels or other components contained
within the vessels.
[0012] Many metals are known to promote the oxidation of CO to CO, An
example is the use of Pt or Pd in the catalytic converter of an automobile.
However, these same metals are known to catalyze reactions with light o;eﬁns and
hydrogen, such as hydrogenation or hydrocracking reactions. Such reaéfit;ﬁs are
undesirable in an oxygenates to olefins process, as they would cause a reduction in
the yield of these light olefins.
[0013] Accordingly, it would be useful to provide a process for making
olefins from oxygenate which avoids or reduces afterburning in the regenerator by
., employing a CO oxidation metal to completely convert the carbonaceous deposits
to CO, within the dense phase of the regenerator, without significantly reducing

selectivity to primary olefins in the oxygenate to olefins reactor.




PCT/ USCQ2/ 39644 4 SUMVARY COF THE | NVENTI ON [ 0014] The present Irﬁ\éfm&ﬁ
solves the current needs in the art by providing a nethod for “co ling a
feed i ncluding an oxygenate to a product including a |ight olefin. The

met hod of W@ RésBFENt i nvention is conducted in a reactopcrapR@vaisus. As
used herein, the term"reactor apparatus"” refers to an apparatus which
includes at |east a place in which an %¥xygenate to ol efin conversion
reaction takes place. As further used herein, the term"reaction zone"
refers to the portion of a reactor apparatus in which the oxygenate to

olefin convmmml ace and is used synonynously with the
term"react e+= } = tor apparatus includes a reaction zone,
an inlet zopgoand a THesRe@adhhtion Belvesthecurreniiedlls iGheart b pioRligor ti on of

the reactor apparatus into which feed and catal yst are _introduced. The
"reaction z@meethqdsor eraverting pdepddnrcludieg seaiyeenatefegaredustinchidingiach  t he feed

is contacteg W qg;@! condi t i, tJ 0 convert the
oxygenat e pgllgm%%h%?ﬂ}ehe e&e@tqln o&é‘tﬂvg théféez)?lfiﬁ&%(f%gurg#&me "di sengagi ng
zone" is thgppand. i Aused herein, teaaidireamp ap@iatss" irefesshto elappaeateat al yst and any

additional ‘'sqlids_.in the reactor .agle separ at ed fééf?m t he, products.
Typi cal |y, t"uchigcludes ghleagt gplace i which an gryggnateto plefin convessiongeacighe and t he

di sengagi ng i ergggp'- hr cess for
maki ng an olt%%lglﬁlwf)ér'(%33:%;’?h egp%%q%ﬁ%cg%%t e ggéglféoc ﬁ%é‘rﬁg}eﬁgﬁlﬁ: a)

cont acti ng tofie réacter sipacdtusi in whichahe oxygenatoelafint donversiat adagidn akespri sing i) a
nmol ecul ar si eve having defined por, ni ngs ang i oxi dation netal,
inder - cond: BIR5R ENGR PER PURTI B GO (B RBEET SERHAY-JREer 1 pr oduct
stream Combba'ihtﬂgin%dé}?a:@L&foh%n@ﬂgi:ﬂéi zby ﬁﬁ%@i&ﬁ@%ﬁ%&b’i&d?ﬂé’s' ts on the
catalyst so as to provide a carbon-containing catalyst; b) contacting at

| east a por t"indet zofie" iswhe pantion of themeasion appprates intoyshiclnfeet and catalystaer at i on

medi um conpr.i Si en in a regeneration,.zone conprisin fluid bed

r egener at of FERAURE 2 HOHE NG B AESETIMRT BRI SPPIERAMARAICR under

condi ti ons Qﬁéﬁsdis\ésmhae&mtau&cata!ﬁg@mefgdnaﬂioﬁgéﬂécﬁsétd&mme wherein the 0

7 JUL 2006 WO 03/059850 PCT/ US02/°39644
oxygenate portion of the feed into a light olefin product. The "disengaging zone"

is the portion of the reactor apparatus in which the catalyst and any additional
‘solids in the reactor are separated from the products. Typically, the reaction zone
is positioned between the inlet zone and the disengaging zone.
[0015} The present invention relates to a process for making an olefin
product from an oxygenate feedstock comprising: )

a) contacting the feedstock in a reaction zone with a catalyst comprising i)
a molecular sieve having defined pore openings and ii) a CO oxidation metal,
under conditions effective to convert the feedstock into an olefin product stream
comprising C,-C; olefins and to form carbonaceous deposits on the catalyst so as
to provide a carbon-containing catalyst;

b) contacting at least a portion of the carbon-containing catalyst with a
regeneration medium comprising oxygen in a regeneration zone comprising a fluid
bed regenerator having a dense fluid phase and a dilute fluid phase under

conditions effective to obtain a regenerated catalyst portion, wherein the



di fference between the tenperature of the dilute phase and the tenperature
of the dense phase is no greater than 100C, c) introducing saiei M99 rat ed
catal yst portion into said reaction zone; and d) repeating stepg a?-g@.

[ 0016] | nvwheyesdsedi nent, said difference in tenperaturepctuioygemat er than
50C, no greater than 20C, or even no greater than 10C. [0017] In another
enbodi nent, the regenerated catal yst rtion has less than 5.0 wt.%

car bonaceous deposits, |less than 3 w. % carbonaceous deposits, or even |ess

than 1 wt . %sifferinen betweensthe tgmpsratire of the ddptephaspand thedemperatarprddhdrent , t he
car bon- cont gi %%asﬁg&! %rﬁéteﬂﬁ& mQ%.l ess than 5 wt. % car bonaceous deposits,

no | ess than Yo carbonaceous ‘eposits, or even no less than 1 w.%

car bonaceous depogsintreduc[rgGiid]redenerated lchtabysiioibon iatvaili restion zbdee afdD oxi dat i on
metal conprises an elenent selected fromthe group consisting of Goup VB,
Group VIB, G oup9) gpgating slsps up VIl nmetals. [0020] In another enbodi nent,

the Group Viggigjal i o}{e %%‘xﬂ&ﬂ'v%b%{h (ficb\?iﬁieféncﬁhqué{ﬁt%cﬁ%hﬁgegﬁr fighected from

the group consisting o saild G oup s M, and said
G oup VI $8iGnoigeasettan 26, br eventnberepteytimn 168hsi sting of Ni, Ru, Rh, Pd,

GCs, Ir, and [0021] | et. gnoth enbodi ngn he .. oxi dat i on net al
conpri ses Pt[&tﬂ{ Ooz%apﬂtﬂﬁ%ﬁq?gfn Wﬁ%‘ﬁfﬂt&%@lmﬁﬁ)%ﬁ al is added
inaform Rawkig c&'boﬁ‘d%%&!s%'pos‘iﬂs,ﬂ_@é%&hm 9t Blaonidaail depssifdl iwber of the
pore openings of the nolecular sieve. [0023] In still another enbodinent,

t he CO oxi daesh 8undertde carboragerad deppsithe  f or m of pl ati num acet yl acet onat e.

[0024] In st} yet .anot her, e di: t cul ar sj eve catal yst has a
pore di anmet ?‘hb! I eslill %eﬁ]glr? . ggﬁonddlgﬁ}’o%%gg?%?&ﬁﬁgn%ﬁ tgigﬁtlvl'g? I8 eve catal yst
conpri ses aflesk @GS vANE cifbbRedus depdsy, fiofléss HRWG % kados@bast ed from the

group consisting of AEl, AFT, APC, ATN, ATT, ATV, AWN BIK, CAS, CHA, CH,

DAC, DDR EMFpositRior eome legsithan) Irwt. Y caxbongcrans deppsitspAU PHI, RHO, 0 7 J U L

2006 WO 03/ Q&%?O Pcﬂ;/ sﬁ%&ﬁ&%ﬁlﬂmd&mﬂg the CO oxidation metal comprises an

element selected from the group consisting of Group VB, Group VIB, Group
VIIB, and Group VIII metals.

{0020] In another embodiment, the Group VB metal is V (vanadium), said
Group VIB metal is selected from the group consisting of Cr, Mo and W, said
Group VIIB metal is Mn, and said Group VIII metal is selected from the group
consisting of Ni, Ru, Rh, Pd, Os, Ir, and Pt. -
[0021] In yet another embodiment, the CO oxidation metal compfiséé Pt.
[0022] In another embodiment, the CO oxidation metal is added in a form
having an extemnal dimension greater than the diameter of the pore openings of the
molecular sieve.

[0023] In still another embodiment, the CO oxidation metal is added in the
form of platinum acetylacetonate.

[0024] In still yet another embodiment, the molecular sieve catalyst has a
pore diameter of less than 5.0 Angstroms, e.g, the molecular sieve catalyst
comprises at least one molecular sieve framework-type selected from the group
consisting of AEI, AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI,
DAC, DDR, EDI, ERI, GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI, RHO,



ROG and THO. O her suitable nolecul ar sieves include those selected from
the group consisting of ZSM5, ZSM 4, erionite and chabazite, $APMI3HH6
SAPO- 17, SAPO 18, MeAPSO and substituted groups thereof. [0025] , In one
enbodi mentyg bix@od¥e! ecul ar si eve catal yst has a pore di ampcerusondoeda- 10
Angstrons, e.g., the nolecular sieve catalyst conprises at |east one

nol ecul ar si eve framework-type sel ect& fromthe group consisting of M-I,
MEL, MIW EUO MIT, HEU, PER, AFOQ, AEL, TON, and substituted groups

t hereof . [ BOXSand FHE Otlhes suitablsodleeiar sigves ineluge thosssselegtediftom e esent

I nvention, the selectiyi yl en n opyl | ,f y no nore
than + 5% t SYREPHYE °¥Z§%ﬂs§%ﬁ%’ %—}o ?%%ég%@g?ﬁtéﬁgﬁ?gjﬁhégﬁé'l bsence of
sai d CO oxi ¢alPOOIs, MEAHSO addsdbdtithid gloupd thedef her enbodi nent of the process

of the present invention, there is ng reduction_ in %selectivity to
et hyl ene and0028bpy| dréne smbedimgnt; thempdecular pigveratalest basaparp diapsier hej ng

carried out ih ' | | 8] In yet

anot her emgg?%%gwﬁg%’gﬁ@glk%%gﬁgfég@ﬁ&g?gg%ﬁ?ﬂeﬁ&gﬁg anount no

gr eat er t hamdénlaasiect famdvdriitypeatiattyd fromehgirbup eomgistingof MFHMEL,NO0 gr eat er
than 1% based _on_t ot | i n.amunt ng greater than
5000 ppm badel oﬁb&)wm%ﬁwg‘mr%éﬁﬁ?fgﬂﬁﬁ"“ﬂgg&'@&f&e‘%?ﬁan 500 ppm
based on to at al | dhdodi t : an 100 ppm
based on tg?je%FFcat al%i?g?mﬁei ght uﬂ{négg%]@p%ﬁesglta?% p§%?ntg%§etaﬁgé’ tlseetr}bodi ment, the

CO oxi dat i oselpativity to ethyleset dndymopylend differphyememore) thargh S%rto that of angi ng from 0. 1
to 10000 ppm bas on total. catal yst . wei ght . .he oxi dation netal
i s plati numSRBPTFES BREEERTTER © tnmﬁFDaﬁ’ﬁ ce 8*;%(§8%ﬂd3f’r?llm? '5000 ppm based on
total catal ysg7pei ght still @03Rdr ehiboliienbefRhd frocRF B FRiREnt idRALEHD Oxi dati on

metal is vanadiumand is present in an amount ranging from 5000 to 100000
ppm cat al ys thepgis ghredugtion in % sgeaiyity ¢ adew aad prapyirad compared withe at al yst

wei ght. [0031]_1n one | by resent invention,
thel0o oxi aaby Bitefapuent B¢ bR rile ditf BEBEERE Qeplt o BRORRA, 1 cai
catal yst. OfefdlL 2006 WO 03/ 059850 PCT/ US02/ 39644 7

[0028] In yet another embodiment, the CO oxidation metal is present in an
amount no greater than 5% based on total catalyst weight, e.g., an amount no
greater than 1% based on total catalyst weight, say, in an amount no greater than
5000 ppm based on total catalyst weight, an amount no greater than 500 ppm
based on total catalyst weight, or even an amount no greater than 100 ppm based
on total catalyst weight. |

[0029] In still yet another embodiment, the CO oxidation metal is platinum
and is present in an amount ranging from 0.1 to 10000 ppm based on total catalyst
weight, e.g., the CO oxidation metal is platinum and is present in an amount
ranging from 1 to 5000 ppm based on total catalyst weight.

[0030] In yet another embodiment, the CO oxidation metal is vanadium and
is present in an amount ranging from 5000 to 100000 ppm catalyst weight, e.g.,
10000 to 50000 ppm based on total catalyst weight.

{0031] In one embodiment of the process of the present invention, the CO
oxidation metal is added to the process separately from said catalyst.



[0032) In another enbodi nent, the CO oxidation netal is added to the

process through the regeneration zone. [0033] In still another e?nﬁﬂdmﬁent,
the CO oxidation netal is added to the process through the reaction zone.
[0034] | N WS b3/ RN her enbodi ment, the CO oxidati on netal pegaebesist o t he
catal yst by 1on exchange. [0035] In angther enbodi nent, a tenperature of 500
to 750C is maintained wthin the densé fl uid phase of the regenerator.

[0036] In still another enbodinment, the dispersion |evel of the CO oxidation
metal is "l d032 nodbyaother endbddiment, the COpxidptiopnpetal jsadded Bfthe. 1 to 0.7 BRI EF
DESCRI PTI ON T Figure 1 depicts a reactor apparatus
conpri si ng fﬁﬁeaﬁoﬁge%%ﬁyl%gd with catal yst recirculation, and a
regener at or [po33juse instilBotheygriiairertahoCofdxidatipn meed i atied tagher esent
invention. [0038) Figure 2 depicts a profile of tenperature over tine
nmeasur ed at Brpess theugh hedestioR & and regenerat or bed of an oxygenate to

ol efin react ppar hd} hdBEdifREE O bxiFRihaatit 9ea8s fle- cont ai ni ng
catal yst. [0@2%9? Fi gg{r%b?gno epiccts a pro iqfe )({)lgg%enperalture ov?re time for
reactor. .. chtalyshbuioadxetangdhe regenerator head and regenerator bed of an
oxygenate to fin _reagtor,.ip the presence CO axidatian .

net al - cont ai[HB catg}‘if‘é’ﬁmfﬁ RS, HEEpesa %ﬁ%ﬁ%@‘?f&\@m&a@ Mol ecul ar

Sieves and Gaiiah yieldRnsbTRi@plast BPHOegdren| ar sieves have various chemi cal
and physical, framework, <characteristics. Ml ecular sieves have been well

cl assified big03dle St nstilanetheCunbddiraenssthedispargion levelrafthd Chakidatal i t e

Associ ation accordi ng to .the . rules. of -t he,,l URAC LSSion on Zeolite
Nonenclaturer.netﬁﬁfglgﬂgﬁﬂ}olg-e p’edégggdcﬁfBé%seq'ﬁgmﬁgf?ﬁﬁig?paisty, t opol ogy, of the
tetrahedrally coordi nated atons constituting the framework, and nmaking an
abstraction of the specific properties for those O 7 JUL 2006 WD 03/ 059850
PCTI US02/ 396RRIEF Bﬁﬁéﬁ?ﬂ@ﬁ” HERRAWMINGS zeolite and zeolite-type

mol ecul ar si [%“?ﬁ for Fm}ecpde%icts a reactor apparatus comprising a high velocity fluid

bed with catalyst recirculation, and a regenerator for use in the oxygenate to olefin

process of the present invention.

[0038] Figure 2 depicts a profile of temperature over time measured at the
regenerator head and regenerator bed of an oxygenate to olefin reactor apparatus,
in the absence of CO oxidation metal-containing catalyst.

[0039] Figure 3 depicts a profile of temperature over time for reactor.
measured at the regenerator head and regenerator bed of an oxygenate to oiefm

reactor, in the presence of CO oxidation metal-containing catalyst.

DETAILED DESCRIPTION OF THE INVENTION
Molecular Sieves and Catalysts Thereof

[0040] Molecular sieves 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
IUPAC Commission on Zeolite Nomenclature. A framework-type describes the
connectivity, topology, of the tetrahedrally coordinated atoms constituting the
framework, and making an abstraction of the specific properties for those



structure has been established, are assigned a three letter code Oaindl) 122086
described in the Atlas of Zeolite Franmework Types, 5th edition, Elsevier,
London, England (2001), which is herein fully incorporated by reference.
[ 0041] NoRwd biisbasg exanpl es of these nol ecul ar sieves amperifigysenl | pore
nmol ecul ar sieves, AEl, AFT, APC, ATN, ATT, ATV, AWN BIK, CAS, CHA, CH,
DAC, DDR, EDI, ERI, GO0 KFI, LEV, LO8 LTA MXN, PAU, PH, RHO ROG THOQ
and substituted forns thereof; the nmedium pore nol ecul ar sieves, AFO, AEL,
EUO, HEU, FhigteridiEL Frahh‘dworkw zbAlliFe anfiGidplitertype molbgtlartsiavesifor whinh at her eof ; and

the | arge pore. no ar_sji.eve EMI, FAU a substjtuted forns thereof.
O her mof cn SHTe hEU H es/aRliSheE RASSIEd 2 Pg‘?ﬁﬁ% e dege §{’ {3 "NER MR
MAV and SODthem[kslofzb&utegra%aum& Bfped) 5th Efition ERfetief, ¢dndoy, Baplbad Si eves,

particularly for converting an oxygenate contai ning feedst ock into
oI efl n(s) (2090 )y vhichep herpimyullyBneprpoyaped bymgfereppey, FER G'S, LTA, LTL, MER

m)l ecul ar 2/:@{7% fV\{Nh%nlnvg%t \lp]ﬁégftﬁ&gﬁﬁ{l&wgﬁgesy or gﬂn@iﬁ tf)ggl ogy, or

a conbi nat i edvldchRF siedes, MELAFW,AP@EAU‘N}{A&'IQ%VT, AVOWOBIK, CASAZHAMI ecul ar

sieve materials all have -di nensi onal , _four-connected framework structure

of coner - sh&HlngA %EQ%@@%@W&W»I@%{W‘%&Q&%@%PW coor di nat ed

t Th f th [
CouTon” Thesgy g G610, BB ECHIDHERLE ARG D ABeReE o 1 0 70
atons in thewmsngFOQ&IEm; EUOaHEﬁbFER;Mm, W&JM&‘N\&M’E’I‘J’E&NJ and| ude t he

arrangenent of rings that forma. cage, en pr t he di nensi on of
channel s, aftbstifiged fopaythere él“?@@‘ﬁ lﬂ’ﬁFepQ?%ﬁ’@Eem\;W e@aﬁ@@«% and; g
| ntroduct | Oldy ﬁsﬁhztﬁpl}oflﬁ%&%gﬁr@tﬁer xﬁ&gcﬁdi@ﬁtléSQEclu&eﬁﬂﬁdB@ﬁ”@k‘?t(ﬁ@(, Revi sed and

Expanded Edition ume 1 pages 1-67, Elsevier 5cience , Anmst erdam
Net her | ands DQ031S, LTDOMIER, M@Wm&ﬁ@DuerMngmampheeof&becul ar sieves
have froma 4- to.a 12-r eat er franmework In a preferred
erbodi mant - FrafeiBlbRiE tevh bR ChoE G eniag A gy e Yt 7 h
structures Qéedht@él@ﬁlfo@lgﬁln@ﬁmc&ﬁ@ RIS APYT BEA| CHA, DY FAW HHE G:IE from about 3A
to 15 A. In the nost preferred 7 JUL 2006 WO 03/ 059850 PCT/ UsS02/ 39644 9
enmbodi ment , Lilde L4 MFISI\@R)M'H, MRV Pddrand drON.plnecne pegfeyped

embodiment, the molecular sieve of the invention has an AEI topology or a CHA

topology, or a combination thereof, most preferably a CHA topology.

{0042] Molecular sieve materials all have 3-dimensional, four-connected
framework structure of comer-sharing TO, tetrahedra, where T is any tetg:al%edrally
coordinated cation. These molecular sieves are typically described in term; 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).

[0043] The smail, medium and large pore molecular sieves have from a 4-
ring to a 12-ring or greater framework-type. In a preferred embodiment, the
zeolitic molecular sieves have 8-, 10- or 12- ring structures or larger and an

average pore size in the range of from about 3A to 15 A. In the most preferred



si |l i coal um nophosphat e nol ecul ar sieves have 8- rings and an avelﬂa Lp@gﬁe
size less than about 5A, preferably in the range of from 3A to about
nore preferably from 3A to about 4.5A, and nost preferably from3.5A to

about 4. 24/yo odida%¢] Mol ecul ar sieves, particularly zeol i pctagobocss
zeolitic-type nol ecul ar sieves, preferably have a nol ecul ar framework of
one, preferably two or nore correr-sha?ing [ TO4] tetrahedral units, nore
preferably, two or nore [Si 4], [Al04] and/ordLP04] tetrahedral units, and
nmost prefer atnbydi{nsmomplnqlﬁdutat]sieucmbfﬂﬂdiomqnﬁp&tm eeblyal units. These silicon,

al um num an 0S ro bas e VES nt ai ni ng
silicon, ﬁﬁ‘n %W@‘ﬂgh%ﬁ%%%ﬂ‘(?ﬁ%ﬂl? %eveggavae%?m u z&lra%sr}l :égggé 8%mgle% been

descri bed luesgaﬁaaboutaAnwmﬁum@fmga@ﬂm3Artslawumg nfopy exanple, U.S.
Patent No. 4,567,029 %APO wher U, S. Patent No:

4 440, 871 (mfmblﬂér@ i ehost S5, aqs‘mm&aqefe&%ﬂxzﬁmﬁ@ﬂanboefz%%ELAPso wher e

4,550, 103 (RSB " (MEReNnER ngrulphl e gh sl Apbiequay . 2t ent T

(FeAPSO), ERiedes) rbfaaabwﬁmradnueﬁnarmanmmmfoné, S BEWAN ARBO, EP-A-0 161
489 ( CoAPSO , EP—A—O 158 976 APQ, V\/nere%%) is Co, Fe, N\ Mnh, Ti or Zn),
U. S. Patent cRiger-shag junitg;B105e Bre I$§U°PS@W§§ I U S. Patent
No. 4,973,4 Am) S. Patent No.
4,992 250 (@gk‘ép%%f‘?‘ﬁﬂf’?’gﬂl*%%“gﬁ?‘ R, Aﬁlﬁg%%t% “E-@Q‘ b RO Mo,
5,057, 295 ( BROIBtrahtdrsl unitat MSemgolealZlﬁﬁnGE,Yan@@llﬁ?ﬁﬁpushassd Pat ents Nos.
4,759,919, an 851, 106 . (Cr APO,. U. S, Pat ent.,s Nos 4,882, 038,
5. 434, 326 aﬁ’&Pq@lf%le‘ﬁéﬁn@ &Rﬁ?ﬁ taingg 8ili P LRI mipwﬂﬁﬁfﬂﬁlbﬂé@ewc» u.s.

Pat ent No. %&%rﬁ- $i3vdshatbReh debériBed feRllin h’@mcﬁu%ﬁwlﬁ%ns iR . U S.
Pat ent s Nos. 86, 092, 4, 846, 956 and 4, 793,833 (MJAPSO), U.S. Patents Nos.

5, 345, 011 arfcte@amﬁb U1 PalRmtARD), 560,029 (Maat\BﬁtwhﬂmMAstz, B837Zn,0BeAPSO), U. S.

L8 RS b S il i T 51 2

(Ti APO), U. 324 BRLAPSS wiere Bl iSRS, ﬁﬂ;cﬂcmea‘?c?@%@%% lpne‘}z:l Patent No.
4,735,806 (GeAPSO) EP-A-0 293 937 PSO, where Q 1s 07 Jul

03/ 059850 Pétﬁuamygeﬁﬁﬂibﬂf@aﬁ@% S Reteais N8 @3&&3 683a%17we| | as U. S.
Patents Nos., 4284 FoPsdh; BPK-09%8 975 and U.S. Patent No. 4,935,216 (ZnAPSO,

EP-A-0 161 489 (CoAPSO), EP-A-0 158 976 (ELAPQ, where EL is Co, Fe, Mg,
Mn, Ti or Zn), U.S. Patent No. 4,310,440 (AIPO,), EP-A-0 158 350 (SENAPSO),
U.S. Patent No. 4,973,460 (LiAPSQ), U.S. Patent No. 4,789,535 (LiAPOQ,;U.S.
Patent No. 4,992,250 (GeAPSO), U.S. Patent No. 4,888,167 (GeAPO),-‘U:-S.
Patent No. 5,057,295 (BAPSO), U.S. Patent No. 4,738,837 (CtAPSO), U.S,
Patents Nos. 4,759,919, and 4,851,106 (C:tAPO), U.S. Patents Nos. 4,758,419,
4,882,038, 5,434,326 and 5,478,787 (MgAPSQO), U.S. Patent No. 4,554,143
(FeAPO), U.S. Patent No. 4,894,213 (AsAPSO), U.S. Patent No. 4,913,888
(AsAPO), U.S. Patents Nos. 4,686,092, 4,846,956 and 4,793,833 (MnAPSO),
U.8. Patents Nos. 5,345,011 and 6,156,931 (MnAPO), U.S. Patent No. 4,737,353
(BeAPSO), U.S. Patent No. 4,940,570 (BeAPO), U.S. Patents Nos. 4,801,309,
4,684,617 and 4,880,520 (TiAPSQ), U.S. Patents Nos. 4,500,651, 4,551,236 ﬁnd
4,605,492 (TiAPO), U.S. Patents No. 4,824,554, 4,744,970 (CoAPSO), U.S.
Patent No. 4,735,806 (GaAPSO) EP-A-0 293 937 (QAPSO, where Q is



4,781, 814, 4,793,984, 4,801, 364, 4,853,197, 4,917,876, 4,952,384, 4,956,164,
4,956, 165, 4,973,785, 5,241,093, 5,493,066 and 5, 675,050, all ofl wiicHl&re
herein fully incorporated by reference. [0045] O her nol ecul ar sieves

i ncl ude t Rpoesekoswri bed in EP-0 888 187 Bl  (m croporous peiisshiidssdne
nmet al | ophosphates, SAPO4 (U O6)), U S. Patent No. 6,004,898 (nolecular

sieve and an al kaline earth netal), UG. Patent Application Serial No.
09/511,943 filed February 24, 2000 (integrated hydrocarbon co- catal yst),
PCT WO 01/ c@@udwvqllokide huitl [(Be4), esriveli ayU.S2 Batedts hosi 4.507QA% 4686828, nol ecul ar

SRL?X%I, dan@@gzbﬁg%@%?’?%ﬁﬁ%ﬁgw-gér’]eé ’Slé’?¥22%4r’g§§r$6’lf¥§?’lt ;aingcor por at ed
by referengos6,165)48673,T8% 51 8P 5493(066And 567 8,050, allofl Mhivhrarelnaéiar

phosphor ous contai ni ng,. nol ecul ar sieves, and al um num phosphorous, and
optionally @dlwilre,c@mor%mygﬁfﬁrm& nol ecul ar si eves include al um nophosphat e

(ALPO nole r si L L ' -(@Aﬁ ul ar si eves

and substit@t!dlé%, prg#ger?a lyu{sa!rmgalfgégqéﬁgasepﬁ u'?%%%ifg an?k%chﬁ?ml ecul ar

Si tevles. 'llj'hte(_nltﬁb?pgmgii%mlﬁdT nﬁmflepiwbphatasj SW%& @H@-Sﬁ\mgﬁrﬁﬁt?muloﬁr Si tevles_, and

metal substitute mol ecul ar sieves. | n anp odiment, the netal is an

al kal i met af-083-83%8 @plecplar geve Q“ﬂ@npgﬁaﬁ%%m%ﬁb [ﬁgp@tﬂﬁgﬁl’@‘fm&ﬁ al kal i ne

earth netal 141 i OBhE (i , arare earth
séa ﬁfo. w%uﬁsgpencg ﬁ%ﬁua?fe %%%gﬂ%limggggd%m%hww

metal of Group [UB, 1ncClu | ant hanum cerium
pr aseodyni ucatalyst)y BCT W 0144360 publishedelaptamibent, 290 tthdrivoucontaisingi um

d ] hol ni bi t hyl j tterbi d lyteti d di
of yt 111 um BeeHe ek 1 el ook Gvbetalel SencY MR o of &t oups
| VB, VB, VI ﬁeini(élh,f%re Ybfk?Ne%“ilfbrk B192D), Iich dreall Rétkif AlidPInGorPbrafed@iyent s, or

m xtures of any of these netal species. In one preféerred enbodinent, the
metal is seteferensd. fromthe group consisting of Co, Cr, Cu, Fe, Ga, Ge, My,

M, N, Sn, k.. Zn d Zr, apd mixtures t.hereof,. I.n anot her referred
orbodt rent . (9048 5" AR rors et bl BRminh ERer PR B SO o
framewor k ofnoRectilal 6k, ahd Slugiurh, Phosithorods,#ald bpiediRbilivsh, ontaaly as [ MO=],

and 0 7 J UL 2006 WO 03/059850 PCT/ USQ2/39644 11
molecular sieves include aluminophosphate {ALPO) molecular sieves and

silicoaluminophosphate (SAPQ) 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 Gro_uEAI.A of
the Periodic Table of Elements, an alkaline earth metal of Group ITA of the
Periodic Table of Elements, a rare earth metal of Group IIIB, including the
Lanthanides: lanthanum, cerium, praseodymium, neodymium, samarium,
europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium,
ytterbium and lutetium; and scandium or yttrium of the Periodic Table of
Elements, a transition metal of Groups IVB, VB, VIB, VIIB, VIIIB, 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 embodiment, these metal atoms discussed above are inserted into the

framework of a molecular sieve through a tetrahedral unit, such as {MeQ,], and



carry a net charge depending on the valence state of the netal substituent.
For exanple, in one enbodi nent, when the netal substituent has 8 vHILekidhe
state of +2, +3, +4, +5, or +6, the net charge of the tetrahedral unit is
bet ween - & Pfhsdsde [0047] I n one enbodi ment, the nol ecuber/usezvel as
described in many of the U S. Patents nentioned above, is represented by
the enpirical fornula, on an anhydrod§ basis: nR (MA13,P)02 wherein R
represents at |east one tenplating agent, preferably an organic tenplating
agent; m i scuiea petiehange dépending on gfe VRlepes stptp pEthgmetalsubgtinpgb Fosnd m has a
value fromQ to.l,. preferaply 0 I 0 to O.3;
X, Yy, and gxa;répd?,ég §Ir11 erﬁ)]oecgmr%[}t’ewée%atg? glgﬁ?ggsﬂa,éﬁtlg%aﬁﬁ%ss@%%ﬁa@hedr al

oxi des, whenrg, M, +5sora+8)eiedlet chatgr@if €t tétradwi@nitis b&neap-Aahd H2L A, | B, 111B,
IVB, VB, VIB, VIIB, _VIIIB and Lanthani de's, of ttfle Perj.odi ¢ Tahl e of
Elements, pl4d}abl yinging smbedimert thg malemmias isvo s dereribrddngrag ot st i ng of o,
Cr, Cu, Fe, , : e ; | : odinment, mis
greater tharﬁ'g%rpaeg?;lasa%ugyg 33,&,%{ﬁ%égfese;l/ﬂteda%{}hgagpércgr%g?@?’ o?%n or equal to
0. 01. [ 0048pnkydrasdatier enbodi ment, mis greater than 0.1 to about 1, x is

greater than O to about 0.25, y is in t ge of fromO0.4 to 0.5, and z
is in the range of from0.25 to O.ﬁ'MMerably mis fromO0.15 to 0.7,
xi s fromO. QrheteRPR #eprifseh® at feﬁs@ﬂh@te&gla‘ﬁn@a nt,PéterablySinfof@M0- 3 to 0.5. [0049]
Non-limting exanples of SAPO and ALPO nol ecul ar sieves of the invention

i ncl ude one tamplatingagoitna is the numbSAFMdEes SRBraolGpFBLALP )YOsaRDn 16, SAPO- 17,
SAPO- 18, SAPO- 20.. SAPO-31., SAPO: 34 Q.35 _ SAP SAPO. 37, SAPO- 40,
SAPO- 41, ABG 31’2?“"3&%%2 I(Wégfabﬁ’a? oS ﬁ%ﬁ%ﬂ%@&fwm A&&%A’i’, SAPO 56,
ALPO- 5, ALPG; dnll z vépeent ti? made Badtidn bf AMMIPAAdIM as tefiahidra Gxideh;RBed/M ALPO- 46,

and netal containing nol ecular sieves thereof. The nore preferred

zeol i t e- t ypés aeiabsalestedrany ene of (apuptA.dHb 1By IEB.d¥RLVRaVIBWVIEB, SAPO- 18,
SAPO- 34, SA ' . ven nore
oreferably GiEgd Pidies ACbaRad bR SR 10 T R b0 18,

and metal ceeleaedirog o o€ thelgedupSbasidimg ol €opOf, CugPe] Gapet, Mpeiasepl y one 07
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Sn, Ti, Zn and Zr. In an embodiment, m is greater than or equal to 0.2, and x, y

and z are greater than or equal to 0.01.

10048} In another embodiment, m is greater than 0.1 to about 1, x is greater
than 0 to about (.25, y is in the range of from 0.4 to (.5, and z is 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. B

[0049] Non-limiting examples of SAPO and ALPO molecular sieves of the
invention include one or a combination of SAPO-5, SAPQO-8, SAPO-11, SAPO-
16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPQO-35, SAPO-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, A]'_;PO-IS and ALPO-34,
even more preferably one or a combination of SAPO-18, SAPQ-34, ALPO-34 and

ALPO-18, and metal containing molecular sieves thereof, and most preferably one



or a conbi nati on of SAPO 34 and ALPO 18, and netal containing erIDe;chamﬁ
sieves thereof [0050] In an enbodi nent, the nolecular sieve is an
intergromh material having two or nore distinct phases of crystalline
struct ur eSygwi/ibdsoone nol ecul ar sieve conposition. |n pagchse Heas

I ntergrowm h nol ecul ar sieves are described in the U S. Patent Application
Serial No. 09/924,016 filed August 7,12001 and PCT WO 98/ 15496 publ i shed
April 16, 1998, both of which are herein fully incorporated by reference.
| n anot her emodibiretibn of BAPOl4emd | ALPGs1 & \aad oeig cordaigingtmdleatar one

I nt er gr own gzhas of ,AEl and CHA framewor k-types. For exanple, SAPO 18,
ALPO- 18 and™ r9fhave an AEI framework=type, and SAPO 34 has a CHA

framewor k-t yipse) Mol 6 bh hbciS¥e, B¥Md@Elap sibRB bh intéerowtR biagsiap of nol ecul ar
sieves is described in many of the references discussed above. Cenerally,

nol ecul ar shavingstwarcs e disiiadt phasepyf arystallinesimenures within eneselagularzat i on of one

f .0f ] . h o f
G117 con, a earaEsnionc Rl SRt hdiouf SRR MR TP 0, o

conbi nat i onUcH, Paehlr AgisticfiorsSdriaC NG, 092924011 6 fitsdoAdbustoh Q0P haidRCT wapt i onal |y
with one or nore tegiplhg(tii ng. agents and/or one or nmore . netal containing
13

conpounds aP#13A%8du ApEb16,d39% bethaf whichease hereindplly ingerppiptedbyned with an
i nert plast| h .af r E’EE!H der a
crystalli zate?%‘?l&%'r Ie@%@@%é%‘ﬁ%@ﬁlﬁgglg uil%)ﬁag%? V9 a 5?%2%& drfllg material is
formed, andintérfrewniphaseEAR]l ahy CHA frira¢wak-typesnFor deagple] BAPOAEG, or decanti ng.
[0052] In a preferred enpodi nent t nol ecul ar si ev e synt hesi zed by
formng a réﬁ‘g&']&?ﬂﬂr %’cSJEﬁVCQH ?r@:@e\g?r 3 P%@B‘%gAgg' e GiAal umi num a
source of ghasphRLess, an organic tenplating agent, preferably a nitrogen

containing organic tenplating agent, and one or nore polyneric bases. This
parti cul ar| WMolgnlaf Sievelymhdsiedi nent results in the synthesis of a

silicoal um osphate crystalline materi.al, that .is thepn. isolated by
filtration, ?(@Sﬂt ri fﬁéﬁﬁmﬁg%@%?lec%élamsilﬁaéscg%dm@%eg% 03/ 059850
PCTI US02/ 39@4ercds discussed above. Generally, molecular sieves are synthesized by the

hydrothermal crystallization of one or more of a source of aluminum, a source of
phosphorous, a source of silicon, a templating agent, and a metal containing
compound. Typically, a combination of sources of silicon, aluminum and
phosphorous, optionally with one or more templating agents and/or one or more
metal containing compounds are placed in a sealed pressure vessel, optiopally -
lined with an inert plastic such as polytetrafluoroethylene, and heated, un(:ie;r a
crystallization pressure and temperature, until a crystalline material is formed, and
then recovered by filtration, centrifugation and/or decanting.

[0052] In a preferred embodiment the molecular sieves are synthesized by
forming a reaction product of a source of silicon, a source of aluminum, a source
of phosphorous, an organic templating agent, preferably a nitrogen containing
organic templating agent, and one or more polymeric bases. This particularly
ﬁrcferrcd embodiment results in the synthesis of a silicoaluminophosphate
crystalline material that is then isolated by fltration, centrifugation and/or

decanting.



[0053] Non-limting exanples of silicon sources include a silic d
silica, for exanple, Aerosil-200 available from Degussa Inc., NZd/\fa& &%EENeW

York, and CAB-O-SIL M5, silicon conmpounds such as tetraal kyl

orthosil i g3 Bmsess§ Or exanple, tetramethyl orthosilicate paMIS)2/3a64d
tetraethylorthosilicate (TEGS), colloidal silicas or agqueous suspensions

t hereof, for exanple Ludox-HS-40 sol t3vailable fromE.l. du Pont de
Nenours, WI m ngton, Delaware, silicic acid, alkali-netal silicate, or any
conbi nat i on[0083} eof NofiHeniting trampies ofsilicor sufrcesiinoludsra silicgtes, fymed ca sol .

[ 0054] Non- L.i.m t.ing exanpl es al ym, nem sour i ) num

cont ai ni ng ﬁ‘h%%‘é"i“g%ﬁg’r’%ﬂeﬂl’g@ %aﬁﬁlﬁﬁ'ﬁ??ﬁ%%??i%céﬁ%vg?%%@gﬂnﬁ e al uni num
| Sopr opoxi dgori@ kadTABRDSID M6 2di Bson@othfbiddsiishchs @etiadiky! crttdisilioatad, um nat e,
pseudo- boehnmte, gibbsite and alum numtrichloride, or _any conbjnations

thereof. Afqnestapledetramesthyd ertbesiligaip AT MRS agd ftaetplopBesitisete TEOD i cul ar | y
when produci . &l 1 ] o 1SEY. 1S4 5]

Non-limti na&g))%%a%s) géss og?&%)eﬁgﬁsp g@%ﬁ@@@%ﬁ@g@%ﬁ%@gﬁaﬁ s(gé%%i ncl ude

al um num coatslable figrph.b sl FenodsNemogrs,SWilinfrigson, Dalaivadtesifibio agidpr ous-

contai ning, jnorganigc or organic, conpositigns such as phosphoric acid,
organi ¢ phakphragetad siligate, of XF?‘%‘?‘Hﬁﬂonmhi %Pre-éﬁédé?'??%ﬁsq%?"r‘?é or anor phous
al um nophosgﬁﬁ‘%sgych as ALPO4, phosphorous salts, or conbinations thereof.
c. The preferred source of phosphorous is phosphoric acid, particularly
when produf0dsd] a siNorclimitingierapplespiwnminuGodeds ifengd awnmygmagent s are

general |y conpounds that.contain el enents of oup VA of .the Periodic Table
of Bl ament & COBREE AT TYT FLAG A PNE SIS ES or SRR B R ant | mony, mor e
preferably Eobfo?%ﬂe,@lunﬁﬁﬁﬁ@ﬂ@sfpﬁb’c&alﬁﬂﬂ PO Hrox e So@i@PhMmitate, 0gen. Typi cal
tenpl ati ng agents of G ou A of the Periodic Table of elenents also

contain at [pesudo-boehenite, gipbsitgrand alpminwm irichlopidefos rahegmbinatignk hereof. aryl  group
having from,J to 10 carbaqn, at.ons. and re preferably ffrom1 t.o 8 carbon
o The. A e BrrLasiped ARG 1 AR Bl Bl aReY s PG ompounds
such as amaRBRodksindpRisphdi@msleeilaPdévémn conpounds. 07 JUL 2006 WO 03/059850

PCT/ US02/ 39644 14 o
[0055) Non-limiting examples of phosphorous sources, which may also

include aluminum-containing phosphorous compositions, inciude phosphorous-
containing, inorganic or organic, compositions such as phosphoric acid, organic
phosphates such as triethyl phosphate, and crystalline or amorphous
aluminophosphates such as ALPO,, phosphorous salts, or combinations Itbx_ereof.
The preferred source of phosphorous is phosphoric acid, particularly wﬁenm
producing a silicoaluminophosphate.

[0056] Templating agents are generally compounds that contain elements of
Group VA of the Periodic Table of Elements, particularly nitrogen, phosphorus,
arsenic and antimony, more preferably nitrogen or phosphorous, and most
preferably nitrogen. Typical templating agents of Group VA of the Periodic Table
of elements also contain at least one alkyl or aryl group, preferably an alkyl or aryl
group having from 1 to 10 carbon atoms, and more preferably from 1 to 8 carbon
atoms. The preferred templating agenté are nitrogen-containing compounds such

as amines and quaternary ammonium compounds.



[ 00571 The quaternary amoni um conpounds, in one enbodi nent, are
represented by the general fornula R4N, where each Ris hydroggq N 2806

hydr ocar byl or substituted hydrocarbyl group, preferably an al kyl group or
an aryl gy@¥fosgél Ng from1l to 10 carbon atons. In one eghake®is the
tenpl ating agents include a conbination of one or nore quaternary amoni um
conpound(s) and one or nore of a nontd, di- or tri- ami ne. [0058]
Non-limting exanples of tenplating agents include tetraal kyl anmonium
conpounds i jeos7di ngmahﬁz&emhgraemfonsmbom@omds rimm}tdmghodimmmmm conpounds

including salts t , tetraet nds i ncl udi n salts
t her eof , gt PR ?r%ﬁ{aﬁr%ﬂrﬁnﬁ@)%ﬁ]a%&%w ‘%8?’“ Ui °
tetrabutyl aﬂmwafﬂ}l bfﬁb&tﬁht@@hﬁﬁbé&bﬂ @ﬁrusoﬁrefe%gl g@dﬂ?mean &®1 phol i ne,

di -n- propylam ne (DPA), tripropylamne, triethylamne
tri et hanol agmnlehaVupgifwmldo ﬂr@carbglt!ttomexl}ll tmmenﬁodmwnbﬁhqlblpyhﬂm ne,

NN i ot hy | SR AR R emeiRg P RS Of nrd MR B SR

N, N - di net hﬁidnmeefalb}md méhodi dZaticateing( 2, 2, 2) oct ane, N,
N ,N Ntetranmethyl- (1,6)] hexanedr am ne, N- met hyl di et hanol ani ne,

N- et hyl - et D858 ani Alon-linifag pxAmplesiof éemplating, agentsinchye tetiaplkyh di ne,

S A e BB U o

neopent yl antdigpoutlds ifclpéing yalahaient, teSautiyd pyhaaiuneconpdupds/inelndify
et hyl enedi am ne, pyrrolidine, and 2-im dazglidone. (00591 The preferred

tenpl ating s Hherest, teteapppy] amenigminsluding paltsshesetianh  conpound, such as
tetraet hyl EPHER# Hﬁhr{&?ﬂﬁirﬁp )sphat e,
tetraet hyl %rrrmn um uorflﬁdﬁej, ggiﬁré?g%r @ac%humm’b ‘gwtg{)raet hyl
?mmlni ;Jm chj:mpjrldmmr(?PA&,tm{aﬁp{lmmmmﬁwlamm&h mgemeﬂihmlarfntnet ﬂ] ef er ]r ed
errparnga, | e ni um hy j de salts ereo
particul ar| B Wéﬂe ﬂ&i?éﬁ’r@“!? %F‘}% "@}‘H gﬁﬁé “ﬁﬂf’-‘é‘b"&i%{rN sieve. In
one embodi ”Ei@{h 1%&%%%&:%1@%%1%‘3% Nmﬁ&ﬂgﬁetﬁﬁmaa{mé Rfolfgove tenpl ating

agents is used’in conmbination w one or noré of a silicon-, alum num, and
phosphor ousN Iﬁ'ahmefhylpmcmzme,pb*ﬂ-ﬂmahlta’cbé%%,2)®tﬂeMN'@@bHemﬂBY19 59850
PCT/ US02/ 3984é5hexaned1amme N-methyldiethanolamine, N-methyl-ethanolamine, N-methyl

piperidine, 3-methyl-piperidine, N-methylcyclohexylamine, 3-methylpyridine, 4-

methyl-pyridine, quinuclidine, N,N'-dimethyl-1,4-diazabicyclo(2,2,2) octane ion;
di-n-butylamine, neopentylamine, di-n-pentylamine, isopropylamine, t-bytyl-
amine, ethylenediamine, pyrrolidine, and 2-imidazolidone. )
[0059] The preferred templating agent or template is a tetraethylammonium
compound, such as tetraethyl ammonium hydroxide (TEAOH), tetraethyl
ammonium phosphate, tetracthyl ammonium fluoride, tetraethyl ammonium
bromide, tetraethyl ammonium chloride and tetraethyl ammonium acetate. The
most preferred templating agent is tetraethyl ammonium hydroxide and salts
thereof, particularly when producing a silicoaluminophosphate molecular sieve.
In one embodiment, a combination of two or more of any of the above templating
agents is used in combination with one or more of a silicon-, alurninum-, and

phosphorous- source, and a polymeric base.



[ 0060] Pol yneric bases, especially polyneric bases that are sol@ipljgl @06non-
ionic, useful in the invention, are those having a pH sufficient to control
the pH desired for synthesizing a given nolecul ar sieve, especially a SAPO
mol ecul ar wEhfdeso! N @ preferred enbodi ment, the pol ymer pcTivaeesdsa sol ubl e
or the polyneric base is non-ionic, Qreferably the polyneric base is a
non-ionic and soluble polyneric base®and nost preferably the polyneric
base is a polyneric imne, In one enbodinent, the polyneric base of the

i nventi on hi¥68} pH iBelurericchasesuespecigllyinalnerichasgsdhatigrasolghlesr nopr om gr eat er

than 7 to abqut : r f g&.ﬁ,}é nost
preferably ?&gcmugaeglgﬁ%q?‘ggnﬁlﬁi %éﬁﬁ%?ﬁggﬁ#?ﬁ%&ng% | ne}]%h%%glrle

non-vol at i | deghet Yorasynthesizinga piven mefrcelarsitvededpycitllyea 8APOUaeculdr- NH) , , , where
(R-NH) is a polyneric, or, nonomeric. unit ere R taips from1l to 20

Car bon o 010w, B RERSIBINA TRERCT e e e 8 SIHAE HORGPIBRY ably fr om 1
to 6 carbon ~ s ks I atons; X Is an

i nt eger fro%ggfqﬁo%%ggb%&?b?%%gag%}égpén%ﬁ%?lm%?rp]iogucaﬁlaisﬁﬁe]glrg , branched, or
cyclic pol ympelymerio hasepanidopost hafenablp thefpelyaisriy baselis apalymedt ymie. bhai n havi ng
from1l to 20 carpon atops. [ 0062] 1n.gnother enbodipent, the polyneric base
is a water MPSER .dgmergotggﬁgl&fr@rlﬁ %SEPFB’Fé‘fVé?Fé‘b‘}e’gﬂsiar?Pgﬁaé‘cf&B%‘é solution. In
yet anot her s&ﬂmﬂbf@&ablyuhkhe,mﬁgféafe}»&?mw?uoﬁt m,%ﬁi&gﬁ&h’%&wﬁﬂwe that is

represented by the follow ng eneral fornula: (
) ni - N( CH2 CH2bir B2t 14, most pietaratiln framiaboyt9%dml40 to 20,000, and n is fromO

to 2,000, pr ably from1 t.o.2000.,[0063} .kn_anothey enbodi nent, the

ol yhor ¢ bISTER: V' ihrnaimat o s et ErdREabesf oot ot 1 om about
500 to aboutreptesdfiod BPthe foMmalle (RN fwikme is ZpdlPfetiCordieidmed@0, 000, nore
preferably fr%m abogf 10, 000 t(% about 7%%0, I?;mg‘grmst 1%eferabl y from

about 50, 00Gwit Fhatsdtieontains o 1 tp 80 6arpon Homprefenblyfinmeil it carkere nol e ratio
o e OOt Bl 1, KB DR G B 5o 20 10
than 12, norcerbpii ebmsabisyanligsger filoanl HB00£0€NIoné edlbodianf RPadiat259850
PCT/ US02/ 39644 . 16 norge preferably |less than 8, still even nore preferably
l ess than 5 ,braélﬁ}épdngrsqychc polymer, monomeric, chain, preferably a linear polymer chain

having from 1 to 20 carbon atoms.

{0062] In another embodiment, the polymeric base is a water miscible

polymeric base, preferably in an aqueous solution. In yet another embodiment,

the polymeric base is a polyethylenimine that is represented by the following

general formula: i

(-NHCH,CH,-),[-N(CH,CH,NH,)CH,CH,-],), wherein m is from 10 to 20,000,

and n is from 0 to 2,000, preferably from 1 to 2000.

[0063] In another embodiment, the polymeric base of the invention has a

average molecular weight from about 500 to about 1,000,000, preferably from

about 2,000 to about 800,000, more preferably from about 10,000 to about

750,000, and most preferably from about 50,000 to about 750,000.

[0064] In another embodiment, the mole ratio of the monomeric unit of the

polymeric base of the invention, containing one basic group, to the templating

agent(s) is less than 20, preferably less than 12, more preferably less than 10, even



preferably | ess than 4. [0065] Non-limting exanples of polyner bases

i ncl ude: epichlorohydrin nodified polyethylenimne, ethoxylatdd Jul 2006

pol yet hyl eni m ne, pol ypropyl eni m ne dianm ne dendriners (DAB-Ann),

pol y(all nggtﬁéss CH2CH(CH2NH2) |, , PCT/US02/39644

pol y(1, 2-di hydro-2, 2, 4-trimethyl qui noline), and pol y(di net hyl am ne-co-

epi chl or ohydri n- co- et hyl enedi ami ne). [6066] | n another enbodi nent the
invention is directed to a nethod for synthesizing a nol ecul ar sieve
utilizing anmoenpkftabhglessghat 8, spll ef@rmine preferably demthan 5t aminasti ng agent such
as an organic aﬂ; g, a0 moni um salt and/or an amoni um hydroxi de, in
combi nat i onPHEE#PIR eSS Tic base such as polyethylenimne. [0067] In a
typical synifigsj S OfNddBmiRpRcathgles §f fYfinerbifs RitprRHi@iISohydrl um num,
and/or silicon-" containing Conponents are mixed, preferably while stirring
and/ or agi t atodified palyethylepizaine, ethoxylated olyethylenining golyprapyleaiminept i onal Iy with

an al kal i tal.. in.a sol t,.such as ter re tenplating
agents andngﬁm’b%q%?ﬁg?linﬁmgégg' ér(f)f%(ﬁ% y%?‘ﬁe%@?g%&%ﬁg?ﬂ hat is then

heat ed undegolycl,3-8ihgdlol Z A% t@MehgRdinb]ifd) sandfpoi{ difdihyRmilnelcé-enper at ur e as
described in U S Patent Nos. 4,440,871, 4,861,743, 5,096,684, and

5,126, 308, wpirklprohydrinaeq-cthideeadiamine) y i ncorporated by reference. The
polymer I ¢ bie] 5 CMRLAGE HMdobirhdh® uinveifdt is Moted RMhhbIpragent . and one
or nore of e al umnum sour ce, phosphorous source, and silicon source, in
any order, kpithskingd oleilafsidvandliziag y taspldtingagern) preferablyodn orgdic sour ces,
prem xed with one or nore of the sources and/ oy tenplating agent, after

combi ni ng t FENRYINSAEENt SHER 2598 OFEARS BN, g ApEinium, sl adEr Pl ke~ [ 0068]

General ly, %Hnﬁ] ' ' -] ' ed in a vessel and
heated, pre er%@%ﬁ%@rd%%%%%ﬁgﬁﬁy%rl@%@%%%ﬁ%rature I n the range
of from abeulyelflenindn@about 250C, preferably from about 100C to about 250C,

nore preferaply from about 125C to about, 225C, even nore preferably from
about 150C iﬁlébout taagupieal svatisisnl eonplotHissine hehaspRTOher nal 0 7 JUL

2006 VO 03/ R I8 hhik b%abi ae is less than
2006 VIO 03/ QRS0 DT IARAGhidily E63IrRhs it 3k, pleESREN it

stirring and/or agitation and/or seeding with a crystalline material, optionally with

an alkali metal, in a solvent such as water, and one or more templating agents and
a polymeric base, to form a synthesis mixture that is then heated under
crystallization conditions of pressure and temperature as described in U.S. Patent
Nos. 4,440,871, 4,861,743, 5,096,684, and 5,126,308, which are all hereip fully
incorporated by reference. The polymeric base is combined with the at least one
templating agent, and one or more of the aluminum source, phosphorous source,
and silicon source, in any order, for example, simultaneously with one or more of
the sources, premixed with one or more of the sources and/or templating agent,
after combining the sources and the templating agent, and the like.

[0068] Generally, the synthesis mixture described above is sealed in a vessel
and heated, preferably under autogenous pressure, to a temperature in the range of
from about 80°C to about 250°C, preferably from about 100°C to about 250°C,

more preferably from about 125°C to about 225°C, even more preferably from

about 150°C to about 180°C. In another embodiment, the hydrothermal



80C, and nore preferably | ess than 195C to about 100C. [0069] l]nux Euﬁanot her
enbodi nent, the crystallization tenperature is increased graguall 3 or
stepwi se during synthesis, preferably the crystallization tenperature is
mai nt ai ne%ocog;agsg@t, for a period of tinme effective to fpeinusoz/ssgaystalline
product. The tinme required to formthe crystalline product is typically
frominrediately up to several weeks, %he duration of which is usually
dependent on the tenperature; the higher the tenperature the shorter the
duration. | rergdlizadob eaipeeanire is1be thany2258C,| preferaplydels ¢lian 200f O tonabdutinder

heating from about 30 mnutes to aroq)nd 2 weeks, preferably from about 45
m nutes to 96G+andpworp praferably lessithapd 85°6rtaeBOWRLY G r om about ~ 1 hour to about

120 hours. | ] Ing0 odi eS| ecul ar sieve is
ai ded by se@@éﬁf r on%naﬂeg?‘ﬁgeﬁf?er%irn%?ﬁ%ﬂegg% cﬁs@%ﬁ&ﬂygﬁaﬁ%fs&ul ar sieve.
[0071] The hueesbdgratrdllyor ykpalst damig Oathesis,paeferably thadrystallibation W t hout
agitation or stirring, for exanple stirring or tupbling. The stirring or

agitation dempergtureds mampaingd qonstant; for a perodpf timg etfetivedadomaus or
i nt i ttent | ] ' ' talli
Intermitten é?ilﬁéeﬁ%@&ld. Th s Fég?ﬁ’éi tﬁ%r}xf?}le ?ﬂrstaal-ﬁsfﬁg fotubdis g@g,ﬁﬂgr ystalline

mol ecul ar siave p uct is forne usua rry st nd is
recover ed byframymmediadhrup tb eeerdl euecksyhk Idutatiomnf which ishsualyt depémieniexanpl e

centrifugation or filtratjon., The isol ated or, separated -_crystalline
P oduct - n S iemEERHERhe b A P BarIg et e HGgn] INfed such as
wat er, fromaiedintenfBRYcritiBse Fr-gﬁl?c_t‘l?i%ﬁﬁéﬁ%gfd)!ﬁﬁe%{iﬁg ﬁ‘ﬁm%&ﬂ%t i's then

optionally dried, preferably Tn air. [0072] One method for crystallization
i nvol ves subhinotes teopramndadywesks.preferhlyt fram abrug # 5 ménwesrto abmit 340 hourgxcess anount

of a tenplati agenq d.pol yneri.c base j ecting the mxture to
crystalli zatar“ag“% Bréferﬂaﬂﬁg?‘ﬁé?‘ﬁa}l h%f?o“ﬁ"f’ﬁoﬁ@?‘m@st abl i shing an equilibrium
bet ween ol qapt@Ar Si BYéheleRibEBIARE (R \Inihessof dshbRBular sV i 118 by €NOVi Ng sone
of the excess tenplating agent and/or organic base to inhibit dissolution

of the nol ecetdsifrom ancgher Sethefsame Eameawork typeInolpadasievélo. 5, 296, 208, which is

herein fully.inhcorporat ed, by refer e..07 JUL 2006. 034059850
pcT/ Usoz/ 3088 s | ogs%ﬁyd/&%%?ﬂ?i S oa s Sy MO PBRs ai rect ed to
not st rri NGaghatiddesilstifihg, for example stirring or tumbling. The stirring or agitation

during the crystallization period may be continuous or intermittent, preferably
continuous agitation. Typically, the crystalline molecular sieve product is formed,
usually in a slurry state, and is recovered by any standard technique well known in
the art, for example centrifugation or filtration. The isolated or separated.- -
crystalline product, in an embodiment, is washed, typically, using a liquid such as
water, from one to many times. The washed crystalline product is then optionally
dried, preferably in air.

[0072] One method for crystallization involves subjecting an aqueous
reaction mixture containing an excess amount of a templating agent and polymeric
base, subjecting the mixture to crystallization under hydrothermal conditions,
establishing an equilibrium between molecular sieve formation and dissolution,
and then, removing some of the excess templating agent and/or organic base to
inhibit dissolution of the molecular sieve. See for example U.S. Patent No.

5,296,208, which is herein fully incorporated by reference.



m xture, for exanple a reaction mxture containing at a mninmugy g Skig con-,
an alum num, and/or a phosphorous- conposition, with a tenplating agent
and a polyneric base, for a period of tine during crystallization. See PCT
WO 01/ 478, @8@5 shed July 5, 2001, which is herein ful pgTivseasser ated by
ref erence. ({3 ‘i O her nethods for synthesizing nol ecul ar sieves or

modi fying nol ecul ar sieves are descrilBed in U S. Patent No. 5,879, 655
(controlling the ratio of the tenplating agent to phosphorous), U S. Patent
No. 6, 005, 1387Blise o&ntahemwhdd drcrsmtaﬂlmﬁbnigdiuad:ted to not Sirrikpnessctiddo. 5, 475, 182
(aci d extract.i on lPteio4 it 96t2 762tétreatrrent with transition

metal ), U SRR “'F\‘E)‘EP €8 TeRSBOR B ‘&ﬁ&"n Aining 2t & ETORI, & SHHSPR R odi £ ed)

U.S. Patent ahigninn9aRd/SOPpHoipRtRbust Ebm;ﬁidﬁiaﬁr\bmﬁjitenﬁéléﬁngagé&@ﬁdmo 5,932,512
(fluorine treated), U S. Patent No. 6,046,373 (electronma w%getlc wave treated

or modi fi ed)polymesc beag; fone priod of tomeduring crystdlizption | SeerPGE Wit i ¢ nodi fier),

25 2001 (s PIEABLSRHGT T B ERh il erbmiRed M 10 2001

(staged aci qom@lltlooﬂwrﬁi&ﬁomoﬁéymmﬁgmédumbﬁdemwfy&@ 2001 (silicon
oil), US. Patent Application Seri 949 fi]ed August 15, 2001

(cool i ng nolmeled “&FS@V@\P& despyilgd 1Pyt%r]i)@tenﬁ§?ﬂ51 %@sﬁsérﬁc%mlag thggatiQo/ 615, 526

e 20 Y U 0ubiPLal: pTRLSSRRIC0 . PRl RResaBBELorp. o Paten

m crofil ter)xnocﬂﬁnivhkh‘ﬁut&hﬁru Swntbfaiﬂdﬂﬁ [B2r(neil eMeactio), Ui paiea: fil ed
January 4, 2001(freeze drying_.the noplecul ar S|eve) which are all herein

fully ~incomfeP %ﬂ%ﬁ‘@@ﬂ@ﬁé’ﬁéé‘a%@)’&mﬁﬁbéﬁg Pateitdloset9omi§antent | when a
tenpl ating tssbi?%%n%f&r&ﬁ xﬁ&ﬁﬁ tShl‘i'a"iém'i 5925"@(?(?@:‘&1 mdfithS eve, | tis

preferred t hat the ting st ant preferably
conpl etel y, snppaned)] UsS. t}m:ent:Nysi,MzLilzaﬂuurmchny:atndl)nﬁm)l]?atenmbI known

t echni ques, for heat treatne S | Ci ti | ci nati on
i nvol ves coré’%%ﬁ%geq?w@m?ﬁvww t@?t%‘i{) %#{g‘?aq)g‘ﬁﬁgs?tﬁ%t ﬁf&‘?&?‘* g agent
with a gas, RIAPAY BRSO kL HAIU BX PRER NA6 ﬂ@ﬁsﬂ@ﬁhﬁ&%ﬁﬂﬁ&?m ration at an
0 7 JUL 200 037059850 PCI/ USD2/'39644 19 el evated t enpetat Ure sufficient
to either pdQT WQ 91/36320 publiskedMay 26210 dsefactant synthesds)ZRCT ROt enpl ati ng
agent. 01/25151 published April 12, 2001 (staged acid addition), PCT WO 01/60746

published August 23, 2001 (silicon oil), U.S. Patent Application Serial No.

09/929,949 filed August 15, 2001 (cooling molecular sieve), U.S. Patent

Application Serial No. 09/615,526 filed July 13, 2000 (metal impregnatign

including copper), U.S. Patent Application No. 09/672,469 filed September 28,

2000 (conductive microfilter), and U.S. Patent Application Serial No. 09/754,812

filed January 4, 2001(freeze drying the molecular sieve), which are all herein fully

incorporated by reference.

[0075] In one preferred embodiment, when a templating agent is used in the
synthesis of a molecular sieve, it is preferred that the templating agent is
substantially, preferably completely, removed after crystallization by numerous
well known techniques, for example, heat treatments such as calcination.
Calcination involves contacting the molecular sieve containing the templating

agent with a gas, preferably containing oxygen, at any desired concentration at an



[00761 Mol ecul ar sieve have either a high silicon (Si) to alum num (Alg
ratio or a lowsilicon to aluminumratio, however, a |ow Si/AD% 34l 80§ s
preferred for SAPO synthesis. In one enbodi nent, the nol ecul ar sieve has a
Si /A rat iy bsessot han 0. 65, preferably |ess than 0.40, wpqRsesptarably |ess
than 0.32, and nost preferably less than 0.20. In another enbodi nent the
nmol ecul ar sieve has a Si/Al ratio in18he range of from about 0.65 to about
0.10, preferably fromabout 0.40 to about 0.10, nore preferably from about
0. 32 t o abosleviled@mparathréemificipitad eitla partially aroalplatély deczngose aidout 0. 15.
[00771 The pH.,of a reaction mxture containing at a mninmuma silicon-,

al umi num , SKdethe BRIl 2878 conposition, a tenpl ating agent, and a
polymeric b houl s s ofh B3 : ﬁmiﬂﬁx?if in the
range of fmﬁﬁ to%?Egﬁ%&%?a%fggg%%El?ﬁalfﬁtéﬁ?ange 0 (1];@92%0% to 8. The
pH can be ooatovodilicen thglupdisurs ddiot hawever, a bave Bi/Abratiadd peferredfopounds  as

necessary t I ntain he pH. during.the.synthesis in.the preferred range of

from4 to 9%@ Sﬁﬁ%‘?ﬂ%rfno f 6‘8?‘??‘&??‘?“%%01?%%5@5?’?_% a;%}éﬂfatgor#a?sor pol yneric

base is addgs&ntocssgQ@fe&mﬂegmanma,tlﬂérepfeﬁ?e_rmyrle%g{Haﬁorsz,smrxﬁ@stand phosphor ous
e

source such that t pH of the reaction m xture does not exceed 10. [00781
I n one enbodgrelesehly leshithand28c In apother embediventitheempleowai siesig has @ Si/8bnbi ned wi t h

one or nore _Qqt her, npl ecul.ar si ey I er .enhodi nent preferred
o1 Coal um FOSHE CstTRteE 0 el Cfr o BrlRE o Bleseiig ol oud Ap 5
conbi nat i on abdig 090§ mor@peeferablyi el abbiut (3D fLaboll ®1® fand hdrd prefepidyng

non-limti n% exanpl es of nol ecul ar sieves described in the fpollow ng: Beta
(U. S. Pat entiroggebout. 3h® abed)0.157SM 5 (U. S. Patent Nos. 3,702,886, 4,797,267

S Gas, aae . T T ik pH At e dRh M oninlida s lishieod, & 5 PR ST MO

Pat ent No. ahgdfund{8)d/or phOhhdrbuslécmpoRiaibs; atterhlatiny 4bé6t, 8dP3 , ZSM 34 (U. S.

Patent No. 4,086,186), ZSM 35 (U. S. Patent No. 4,016, 245, ZSM 48 (U. S.
Pat ent No. &oBowrigbsse shouldbeim the rangs ofifsre 2 toNg, praferhly nthe ranggrefi 1 (U, S.
;’gt ent No. 4,830y, %8ld m¥eWreedably S tff rdngd Pk 66008 10 B 328D PCT/ US02/ 39644

controlled by the addition of basic or acidic compounds as necessary to maintain
the pH during the synthesis in the preferred range of from 4 to 9. In another
embodiment, the templating agent and/or polymeric base is added to the reaction
mixture of the silicon source and phosphorous source such that the pH of the
reaction mixture does not exceed 10. <l
[0078] In one embodiment, the molecular sieves of the invention are
combined with one or more other molecular sieves. In another embodiment, the
preferred silicoaluminophosphate or aluminophosphate molecular sieves, or a
combination thereof, are combined with one more of the following non-limiting
examples of molecular sieves described in the following: Beta (U.S. Patent No.
3,308,069), ZSM-5 (U.S. Patent Nos. 3,702,886, 4,797,267 and 5,783,321), ZSM-
11 (U.8. Patent No. 3,709,979), ZSM-12 (U.S. Patent No. 3,832,449), ZSM-12
and ZSM-38 (U.S. Patent No. 3,948,758), ZSM-22 (U.S. Patent No. 5,336,478),
ZSM-23 (U.S. Patent No. 4,076,842), ZSM—34 (U.S. Patent No. 4,086,186), ZSM-
35 (U.S. Patent No. 4,016,245, ZSM-48 (U.S. Patent No. 4,397,827), ZSM-58
(U.S. Patent No. 4,698,217), MCM-1 (U.S. Patent No. 4,639,358), MCM-2 (U.S.



Patent No. 4,673,559), MCM3 (U. S. Patent No. 4,632,811), MCM4 (U.S. Patent
No. 4, 664,897), MCM5 (U.S. Patent No. 4,639, 357) MCM 9 (U. S. 0 PaltiertBlbno.
4,880,611), MCM 10 (U. S. Patent No. 4,623,527), MCM 14 (U.S. Patent No.

4,619, 8183uo d¥lehdsd® (U.S. Patent No. 4,954, 325), MCM 41 (kbBusdavamt No.
5,098,684), M415 (U.S. Patent No. 5, 102 643), MCM 48 (U.S. Patent No.
5,198,203), MCM49 (U. S. Patent No. 5¢ Q36 575), MCM 56 (U.S. Patent No.
5,362,697), ALPO-11 (U.S. Patent No. 4,310,440), titanium alum nosilicates
(TASO), TASEatdm Nﬁnﬁm,sw)zmMGz@m.,Pamm Bo. 4632814), &4CHA §J.SPRatemit  No.

i xturos of NockPELETDACHH SBRTPRSRNE 405D Mcadig G5 Pakeblos s (U5
Pat ent No. 5387 81B40CM-30DS3RateRNy] 4&5’@2@ MQI\&MR’@T@%&:MN05 972, 203) ,
PCT WD 98/57743 géjbl i shed Decenber 23, (rml ecul ar sieve and Fi scher-

Tropsch), U4819.pEDeMCM32 (¥.S38gen . (’rl\?ﬁﬁﬁgﬂuh@l\ﬂéélmt%?ﬁten@r{@l MESOpPOr OUS
ol ecul ar Sbmﬁ%#)%ﬂ .S PatehPRo. L1000 MerPaOQ's Bient Rio 02, 043 aNd

5,108, 725) are a ereln y | NCOr por ated by reference. Method for

Maki ng Mol esub&aoﬁ;pmﬁawlsymteﬁmmessw@mmmﬁ@c&Phteﬁtml ecul ar sieve
S synthe5|zed depend uirements of the_particular conversion

process, tha hePEDuPLP Osﬂeﬂr]eg |P§t°%1hlg?rq4 F18/40), titapm fluminosigptet ul ar si eve
catal yst co £§¢) HARO- @‘?y&ué? dl)%%glszrbggﬁlogﬁga{egggt a s?tsﬁ%e nol ecul ar si eves

synt hesi zed abo are made or y conbi ning the
synt hesi zed4m54e9ulﬂtamammh&mmphdsﬂmtds@ﬂé@) amllkatentmomﬁom gShpterial to form

Catal yat  compserspbastirag AT e e B R EEER LSSt “Comost ti on
is formed i @E@gﬂﬁ@%‘ﬁ?s%H?)F§A?Gd34sﬂo%ﬁ&|AB?bti ab. §3Pa@éﬁt}:§| SPE%M techni ques

such as spray yl ng, et1zing, extrusion, D080] There are
many di f f er @0 Wﬂﬂsé‘:'r’iﬁi putilisheddDessmben 23| lﬂ&%c(mdenglat $ieve andIFéachérar si eve

e o TRGRDR BRSM A Bubb3% RUEEBLG i) A et st a5 11 cas.

and/ or ot hehdlélﬁl’aﬂﬁ@%@ % PRemMos, 6081,600625 008,684, 910m&1aﬁcpnt aining sot is
al um num chl orhydrol . The i norgani ¢ oxi de sot acts |ike gl ue binding the 07

JUL 2006 WDS5098029)8wbickarialldesiniis dncorporated by reference.
Method for Making Molecular Sieve Catalyst Compositions

[0079] Once the molecular sieve is synthesized, depending on the

requirements of the particular conversion process, the molecular sieve is then
formulated into a molecular sieve catalyst composition, particularly for <
commercial use. The molecular sieves synthesized above are 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 or a formulated
molecular sieve catalyst composition. This formulated molecular sieve catalyst
composition is formed into useful shape and sized particles by well-known

, techniques such as spray drying, pelletizing, extrusion, and the like.
{0080} There are many different binders that are useful in forming the
molecular sieve catalyst composition. Non-limiting examples of binders that are
useful alone or in combination include various types of hydrated alumina, silicas,
and/or other inorganic oxide sol. One preferred alumina containing sol is

aluminum chlorhydrol. The inorganic oxide sol acts like glue binding the



21 synt hesi zed nol ecul ar sieves and other materials such as the matrix
together, particularly after thermal treatnment. Upon heating, t{ejjnmeanic
oxi de sol, preferably having a | ow viscosity, is converted into an

I nor gani cypxdsiges8Pt ri x conponent. For exanple, an al um per/esdz/avidhl convert
to an alumnumoxide matrix follow n% heat treatnment. [0081] Al um num

chl orhydrol, a hydroxyl ated al uni num Bdsed sol containing a chloride
counter ion, has the general fornula of Al n{(CH)oCl px(H20) wherein in is
lto 20, it isgnthesizsd &yolezulas sibves@nd Othepmatsridls surhbS the rpatdx kigsth@ér,t o 30. I n one

nbodi ment, _the binder j 1304 4C17.12(.H20 .is., d ibed in GM
Vol ter nan. 8?“’??1?%1?%’?%&1‘5@@&??%%%%%%%? “‘)%%ﬁlﬁie?aﬁ’é’ b5, 144 (1993),
whi ch is hepgiferablp GAVIAS b Mve diskdbity, 86 E6rRBEAY into hnANEhRE ogdb ANt , one or

more binders are conmbined with one or nore other non-limting exanples of
al um na nat epmpprent KM exgmple.aiahuming sal Wil condvettdo ay alymigrmexidgoehni t e,

di aspore, agrgjat%*ﬁorﬁmgk&aﬁg C?Jtre%hﬁégt.nas such as a-alumna, [i-alum na,

y-al um na, -alumna, ic-alumna, and p-alumna, alum num

tri hydroxi dggosiyich aslunghlabshibehydfoducydiokylatdratishihan daied,sodoyel i te, and
m xtures thereof, [0082] In anqther enbodi nent, the binders are al um na
sol's, predofPRakinga chiosidscounterdom basihg ganesslifor@ulaek i onal Iy i ncl udi ng sone

silicon. 'nm%ﬁ‘aggﬁpg[ﬁﬁgmg&&mﬁusae, Pis 4B 850 & FrolEPh I 13, um na mede

by treating al'u such as pseu ohemte h™an“aci d,

pref erabl y andads @ltotItatindacanbwiimannthabinder is Al OLH6H), Clp 1 pEEPR4aswisS0l s O

al um num i on, soj ggj ons, Non-limti n% exggll%l es of rcial Ig avai l abl e
: 0

col | oi dal  algFriRed Bdp-31 Weltegman, Rhtle S _aﬁ%iaﬂéﬂagﬁf%ﬁﬁgeﬁdp Cheni cal
Co.r Napervifhgooh) lﬁ’éﬂi§her@i?g.|6%%f&£rihde BY Rbrdie 1 Srfofflel BifbOdRneft0” PO AL O,

Val | ey Forge, Pennsylvani a. ecul ar sieve synthesized above, in
a pref err ed oagbodbredinders drs cambibideith vne dr nwore other mawlemitmg ekamplet eri al (s) .

M o St SR L SR S BgRaL! caualvet cost.
e R i ey et g L N
8 g ?8 g S ;3 :ES 6 ° g@hlmi]j% ;?afogggpgcéégm¥n¢ and p-alm%jna, aluminum trihydroxide, such as

gibbsite, bayerite, nordstrandite, doyelite, and mixtures thereof.

[0082] In another embodiment, the binders are alumina sols, predominantly

comprising aluminum oxide, optionally including some silicon. In yet another

embodiment, the binders are peptized alumina made by treating alumina derates

such as pseudobohemite, with an acid, preferably an acid that does not contain a

halogen, to prepare sols or aluminum ion solutions. Non-limiting examples of

commercially available colloidal alumina sols include Nalco 8676 available from

Nalco Chemical Co., Naperville, Illinois, and Nyacol available from The PQ

Corporation, Valley Forge, Pennsylvania.

[0083] The molecular sieve synthesized above, in a preferred embodiment,

is combined with one or more matrix material(s). Matrix materials are typically

effective in reducing overall catalyst cost, act as thermal sinks assisting in

shielding heat from the catalyst composition for example during regeneration,

densifying the catalyst composition, increasing catalyst strength such as crush



strength and attrition resistance, and to control the rate of conversion in
a particular process. [0084] Non-limting exanples of matrix mekeEni@bms

i nclude one or nore of. rare earth netals, netal oxides including titania,
zirconi a, ness@. thoria, beryllia, quartz, silica orpgpisezsasd m xtures
t hereof, for exanple silica-magnesia, silica-zirconia, silica-titania,
silica-alum na and silica-alumna-tho2Ra. In an enbodinment, matrix
materials are natural clays such as those fromthe famlies of

nmont nor i | | oRirérgttoad dsigitibh Fesistanes andiidtdohirb] the Rysof dofivdisien babbent onites and
those kaolins known as, for exanple, D xie, MNanmee, Georgia and Florida
cl ays. Non- PRitigles prgcesanpl es of other matrix materials include: hal oysite,
kaolinite, te, et d}%{b}r he matri x
mat eri al , ?0% abI y gﬁgﬁ%@{%‘gﬁ‘p@?gﬁ?&‘gr‘%ﬁﬁ‘ g?:ltG g%&%l T 1£known

nodi fi cati omarpea:r&anstels mefahoxidesdmdledimgititamia, zimnniﬁ,cmagmmd, therimat nent and/ or

chem cal treatpent. I n on referred od| the matrix nmateri al
is aclay o% V’JZ E%J‘E Wesﬁl?eé?‘g’r’gb %S‘E?sa?a%}es‘&’l ay-type

conposi ti on siRY b, 'sﬂ’i‘ééJufﬁfh sifiba-41lfRiafd SIBA- ﬁ!ﬂhmlnaaﬂ‘ngnéloﬁxtanpr eferably the
matrix material is kaolin. Kaolin has been found to forma punpable, high

solid cont emmbgdhmeny majrix maierials mwamréshys sgh pathesefrom thefantilies ofacks

t oget her easj to | | et ture efert verage particle
556 of 't o thep P apie? apd Bpdtind gBese meial Bk pioal R RERFEIS Brg BESE.000 P201 11
to about O. @taéllﬂéﬂkhbwﬂam& daimpleCDRic !\/Z&Jaﬂie&t(’}édi’glh b FRtid 8185, Ngan about  1m
[0086] In one enbodi nent, the binder, the nmolecul ar sieve and the matrix

material ar dimitngexemplesef pther atsix areialringluds: heloysiteokaolinit, dickit.ecul ar si eve
t al t t % b ht
ca e ComBRL L 0L LA D HBEAE LM o0 12 o1

wei ght, and cra#gs, a:epsruejeefeal&i well kmmaﬁediﬁci%tmmgmchta@cﬂaﬁmonw% by wei ght,

based on the total weight of the binder, the nolecular sieve and matri x
mat eri al , @?@PW%W%@UW@{W@%@E@@%@ nati on). [0087] I n anot her

enbodi nment WEI gﬂt n}@g &fe&%g&hp?gmgt@xm@eMr '8fa Faﬁ,l al used in

t he formatl t he sieve cd corrp05|t|o om U7 JUL
2006 WO 03/ Gﬁ&&ﬁﬁlp@ﬁbwﬁfﬁérﬁﬂﬁ% A& or clay»type composition having alow iron

or titania content, and most preferably the matrix material is kaolin. Kaolin has

been found to form a pumpable, high solid content slurry, it has a low fresh
surface area, and it packs together easily due to its platelet structure. A preferred
average particle size of the matrix material, most preferably kaolin, is from about
0.1 pm to about 0.6 um with a D90 particle size distribution of less than about

1 pm.

[0086] In one embodiment, the binder, the molecular sieve and the matrix
material are combined in the presence of a liquid to form a molecular sieve
catalyst composition, where the amount of binder is from about 2% by weight to
about 30% by weight, preferably from about 5% by weight to about 20% by
weight, and more preferably from about 7% by weight to about 15% by weight,
based on the total weight of the binder, the molecular sieve and matrix material,
excluding the liquid (after calcination).

[0087] In another embodiment, the weight ratio of the binder to the matrix

material used in the formation of the molecular sieve catalyst composition is from



0:1 to 1:15, preferably 1:15 to 1:5, nore preferably 1:10 to 1:4, and nost
preferably 1:6 to 1:5. It has been found that a higher sieve contlehiilL 2006ver
matrix content, increases the nolecul ar sieve catal yst conposition
per f or mangg, osQy¥8Yer. |ower sieve content, higher matrigcies®@eal, inproves
the attrition resistance of the conposition. [0088] Upon conbining the
nol ecul ar sieve and the matrix materi @B, optionally with a binder, in a
liquid to forma slurry, mxing, preferably rigorous mxing is needed to
produce a s@bistarnts] plefeyatiy 106 &6 € UimoRe préferably QOTU 181104, A8d ket ol ecul ar si eve.
Non-limting exanples of sujtable |iquids include one or a conbination of

f

np | incl !

wat er, al comgeralgd $riad:S. Jt bashper found et higherisigve contprt, lower masixef er r ed
liquidis : | - ) for a
pertod of ¢ Comen pioRRe R TRAA R iove iy ghbdsidgh fEOlouidts o B

sub- parti cl dowdraieye caaht,drighen matrix hatefia, iniprevesltietattrition tesistanf<dd¥8d The

nol ecul ar sieve and matrix material, and the optional binder, are in the
sane or di f CEPRYRUIY: qui d, and are conbined in any order, together,

i mul taneouhsg) S equsad Rhlbinin@ihe SO Sokd 4R thifaEAmaid [ he pref err ed
enbodi ment, the same 1iquid, preferably water is used. The nol ecul ar sieve,
mat ri x nat eoptidnallpmithaiindendh a lignidde formrashwgniiixieg, nrefembly nigoralisas sol i ds,

substantially dry or.in a dried form. or as slurries, together, or

separ at el y. g negdedlp prodygesybsmially o ROedeg U PIRE CORRPIE S, oy i cd
solids, it infol@uRtSERD Mol BmAtE eRampledbiisafaAF{i8ds me108¢ d #4 amount of
liquid. [0090] In one enbodi nent, the slurry of the nol ecul ar sieve, binder

and mat ri x combimetion of vwaterpalgahgl, detones, hldehydes, aediprssters Bhefthosti ent |y uni f orm

slurry of sub- rficl.es of the nmplecular sieve .cat.al.yst.,,c osition that is
Then Teq t o PN € Bl Ine SBrBaReal BB s Bl PiupERR Lt ar s
conposi ti on.petitd ¢f tiiedusfidiad to pidBas theddsired herrf @kilikd) Gubiparticle Size,pr ay dryer.

Typically, the formng unit is maintained at a tenperature sufficient to
renove nost 2pd/or w-particly Sz digRbeties. siurry, and fromthe resul ting nol ecul ar

si eve cat al onposi.t.i | ' when fornmed
Tt hi 5wy W08oEe T i BBeutsk Yk SRttt e RGBS e oG
PCT/ US02/ 3964 the2dmé¢ 608 brekfinidy asdire yombined in sy wsdel, tagethidie form ng unit,

typically, the sIurrIy of . o
simultaneously, sequentially, or a combination thereof. In the preferred

embodiment, the same liquid, preferably water is used. The molecular sieve,
matrix material, and optional binder, are combined in a liquid as solids,
substantially dry or in a dried form, or as slurries, together or separately. ,lzf':solids
are added together as dry or substantially dried solids, it is preferable to add a
limited and/or controlled amount of liquid.

[0090] In one embodiment, the shury of the molecular sieve, binder and
matrix materials is mixed or milled to achieye a sufficiently uniform slurry of sub-
particles of the molecular sieve catalyst composition that is then fed to a forming
unit that produces the molecular sieve catalyst composition. In a preferred
embodiment, the forming unit is spray dryer. Typically, the forming unit is
maintained at a temperature sufficient to remove most of the liquid from the
slurrjr, and from the resulting molecular sieve catalyst composition. The resulting

catalyst composition when formed in this way takes the form of microspheres.



the nol ecul ar sieve and matrix material, and optionally a binder, is co-fed
to the spray drying volume with a drying gas with an average i ®7%dUL 2006
tenperature ranging from 200C to 550C, and a conbined outlet tenperature
rangi ng f st 0 about 225C. In an enbodi nent, the pyegsaRogiaanet er of
the spray dried forned catalyst conposition is fromabout 40 mto about 300
m preferably fromabout 50 mto abog4 250 pm nore preferably from about
50 pmto about 200 m and nost preferably from about 65 pin to about 90 pm

[0092] Duri nap9spray Whit \prayt difer $d whed ¥s the framgachid tpluddY, the 0#Y be
distributing the slurry into small droplets, resembling an aerosol spray
into a dr yl%’f?gn%lﬁ%%'é%"."e andomatyy magerial. and eptionglyja bipdet isqonfgd tatke sl urry

Fange ot f r ot Bryietlohe Sty FUdgPe IRER! Rl bl RpBERIRRIGGREP | O |0
enbodi ment , foRE200PORSE §50°C, ad-df @ehbided oatlgheBpatig|rengdiy b8 100°CMel ti pl e

nozzles along with an atom zation fluid suc as air, steam flue gas, or
any ot her sabewBRECyds an epbelimentthe averageoditraeterafitiispmayndriediformed| ur ry

descri bed above is directed to, t peri net of a spinni eel that
di stri but es “HRESEOGIPPSFUeRE bro OPP@%It%@u?%Wém’erﬁmgpy ’%ﬁ?é Ys controlled
by many factsgns oebttds0 dmS inetd prefetabBOSbih ¥bout 90 A0E abbit290 Qth, add OW rate,

pressure, and tenperature of the slurry, the shape and -. dinension of the
nozzl e(s), atostpretesablyniom gbawh6& poftoheutPAedl.. These droplets are then dried

in a co-curr or nter-curr.ent, fl.ow of ali ssing t.hrough a spray
drier to for[@&;lsub?? 'SBWM%QI&E%&%&ip&%ﬁnﬁ@%@égzéleeve cat al yst
conposi ti on disuiButifg HeQRinfyiftd|shiall ArdPite eesemblisg @\dRrdsb] speqdgfo of orm [ 0094]

Ceneral ly, the size of the powder is controlled to some extent by the
sol i ds cont drtingehapther. Shtamizationjs\aehieyed bydancing|theflunry tranghe siigle he cat al yst

The sturry PedetnyuRRe AbLAf vl CoREhR 0 e BG FORA 00 B Bos] oo

met hods f or 1000 psin@E9a kP t6 689 BkPab. clneanohbtdnytRklinea s ilinrp iy code® described in
U S. Patent Application Serial No. 09/617,714 filed July 17, 2000 0 7 JUL
2006 WO 03/ (tyongie feste npsaleos grultiple nezzles glogg withan aipmizatio fhid ek c | e

nol ecul ar s ia?Xi‘f’, s?é’éhﬁ‘hﬁééas?&]m?%{ﬁ& Qﬂﬁable\é’%.(:h [ S herei n i ncorporated by

reterence. {0093] In yet another embodiment, the slurry described above is directed to
the perimeter of a spinning wheel that distributes the slurry into small droplets, the
size of which is controlled by many factors including shury viscosity, surface
tension, flow rate, pressure, and temperature of the shurry, the shape and -- -
dimension of the nozzle(s), or the spinning rate of the wheel. These droplets are
then dried in a co-current or counter-current flow of air passing through a spray
drier to form a substantially dried or dried molecular sieve catalyst composition,
more specifically a molecular sieve in powder form.
[0094] Generally, the size of the powder is controlled to some extent by the
solids content of the slurry. However, control of the size of the catalyst
composition and its spherical characteristics are controllable by varying the slurry
feed prc;perties and conditions of atomization.

[0095] Other methods for forming a molecular sieve catalyst composition
are described in U.S. Patent Application Serial No. 09/617,714 filed July 17, 2000



[ 0096] In another enbodi nent, the fornul ated nol ecul ar sieve catal yst
conposition contains from about 1% to about 99% nore preferabl[iﬂﬂﬁbrzgﬂﬁbout
5% to about 90% and nost preferably from about 10%to about 80% by wei ght
of the nolpgwkbsssi eve based on the total weight of the welragw/REasi eve
catal yst conposition. [0097] In another enbodi nent, the weight percent of
bi nder in or on the spray dried nolegalar sieve catalyst conposition based
on the total weight of the binder, nolecular sieve, and matrix material is
from about ZHdyyiryiag akthg b Gecpblediinoledtldh diove\eBialt confpositieh g Mhichfis om about 5% by
wei ght to about 20% by weight, and nore preferably from about 7% by wei ght
to about 15bgmsin garpgrated pposdgncence t he nol ecul ar si eve catal yst conposition
is formed i sub ' ' . har den and/ or
activate th o?glr ned%%g{’%@yéé% Og%ﬁ/%gg?ctdtfogﬁ@atg eogefcu{ﬂr)sela‘tgrr"tgn Sguch as

cal ci nat i ongompositivnaogtaiisdm dbeapio & aboat 99%%6,usore ipreferplely ffonmatdut A

conventional calcination environment is air that typically includes a small
anount of wardP a@%gp% %{Ipre{gl%{p@ylﬁrgm ghqut ]toe/hfqub&l“t#(% bYYeiglt t he range

from about ch:,Q o about 800C,
and nost pr é?@?a OI(P@ r%h%%%%&S%gﬁg&ﬁ%%é{&E %&%ﬁgﬁﬂé@%g@ in a

cal ci nat i oncempositmmrent such as air, nitrogen, helium flue gas (conbustion
product |ean_ ipn oxygen),. or gny conbination thereof. [0099] .In one

Brbod ment - AL ARG ertRisai e reieh ToBA L et BPB OB e al ot
CONMposi ti oNghigy GRS 6ok sidve caRlysttmp6Sitic based bn HB MY WMt 6@ fhel NCI udi Ng
rotary calciners, fluid bed calciners, batch ovens, and the |ike.

Cal ci nat i on bindat mokeculay sievea pid/metriy arathsial isrom shoutilg by eveight faghdshi ng of t he
nol ecul ar siLgye. cat.al yst oSiti nd t. t re rangeg from about
TS i nutes PORTNONTES MEGrED TR sbEpoaty weigias ERREATA R SRl | e

nol ecul ar - sinRyeprefekably FdmGBSHRTH by WEight t6 abRAYNSH Uywdightr ogen at a tenperature
of from about 600C to about 700C. Heating is carried out for a period of

ti me typi call0098} r om Queethemmpleeularsieys catalystsomposition s forowd ind 03/ 059850
PCTI US02/ 39644, 26 .nreferagbl y .f.r 1.hour .to_about. hour nore preferably
from about fﬁﬁgﬁﬁa@b&y%@ﬁ?&/ﬁg‘tﬁgﬁ ) efg‘P?&de ?}%E)#%nfvét(r%gfﬁ f;/“Jm??dom about 2 hours

to about 4 kewlyst composition, a heat treatment such as calcination, at an elevated

temperature is usually performed. A conventional calcination environment is air
that typically includes a small amount of water vapor. Typical calcination
temperatures are in the range from about 400°C to about 1,000°C, preferably from
about 500°C to about 800°C, and most preferably from about 550°C to gl:z_qut
700°C, preferably in a calcination environment such as air, nitrogen, helium, flue
gas (combustion product lean in oxygen), or any combination thereof,

[0099] In one embodiment, calcination of the formulated molecular sieve
catalyst composition is carried out in any number of well known devices including
rofary calciners, fluid bed calciners, batch ovens, and the like. Calcination time is
typically dependent on the degree of hardening of the molecular sieve catalyst
composition and the temperature ranges from about 15 minutes to about 2 hours.
[00100] In a preferred embodiment, the molecular sieve catalyst composition
is heated in nitrogen at a temperature of from about 600°C to about 700°C.

Heating is carried out for a period of time typically from 30 minutes to 15 hours,



[ 00101] Ot her nethods for activating a nol ecul ar sieve catal yst conposition,
in particular where the nol ecular sieve is a reaction product @ Jgp?ﬂﬂﬁ

conbi nation of a silicon-, phosphorous-, and al um num source

tenpl ati “ﬂio%glﬁf]b% o and a polyneric base, nore particul arkgyreso2/39644

si |l i coal um nophosphat e catal yst conposition (SAPO are described in, for
exanple, U S. Patent No. 5,185, 310 (h@ﬁtl ng nol ecul ar sieve of gel aI um na
and water to 4500, PCT WO 00/ 75072 published Decenber 14, 2000 (heating to
| eave an anpuaitrabdf fltoa:nbhalre() abcaut 30 hvuss, megepiréferablydronsabautl hoir to 09/ 558, 774

filed i | t f | ._whi ch Il
her ein ful | §oESPE SOy prRAtp Y aRie SO GaIE o BURAHMLN or hydrol . a
hydr oxyl at eqog@loym nuDihBRSEes o8 lor adto i ﬂh@@cﬁa@iﬁv@hhﬁﬂ? %ﬁfzﬁbﬁﬁoﬁ on, has the

general forrmula of AlnmO (OH)Clp x(HO wherein in is nis 1to8, o
i's 5 to 40, ipparicarwhersthe mpleular sieve is a rezotion proguns ofths semhisation athe bi nder i s

Al 1304(OH) 2 712 | b et al., Stud.
Surf. Sci. %Qé céféﬁﬁgﬁofg& ’p%&eaﬂﬁi%@h s%ﬁ:fe{‘fgg%lat\{%ﬁ%h d?lerel n

i ncor por at egol¥herie basepmor: pattfcuiilytaiiicosltibdphtsphate caml@smmmlﬁmbl nders are
conbi ned with one or. nore. other non-lirﬁtieﬁg exa of alum na materials

| e
such as al u@%ﬁ%@?QWH?@Q&%@”&%@M-%&N §ﬁn§?£53100@1§§}5‘5re and

transitional nas a-al,umn 3 al um na,
oo o et e ST iR i WA Ry adose L WOl Rtrd Pullfned o

gi bbsite, baygéhbe 14 T000Ihdating td Baved@¥BolktOf tedislats), ¥hd/Ugs t hereof . [00103]
I n anot her enbodi nent, the binders are alum na sots, predom nantly

conpri si ng AnpltatiomSesialdio. 095683k filed Apnb?-@@pﬂ@(rwwagpn pEmeleculsr yet anot her
enbodi nment , Squ)ag’hfég%%ﬁl@{eﬁ ﬁ%f x%&ggq?itgﬂﬁae g by treating al um na

hydrates such an -aci preferably an acid that does

not contain [6010Rp| 0g&miinen Phiefadel, &Qiyﬁroﬁ?la&ﬁ&lﬂnﬁﬁlﬁmlbﬁitdiéﬁl utions.
Non-limting exanples of comercially avail able colloidal alumna sots

i ncl ude Nal contging aghigridgispanterigphanthi genceg) fopda ofco. | Naperville, 111inois,
and Nyacol nnsyl vani a. 0
L 5506 M OORAEL TRt m £118 90 31 %88‘184? o L 3 L AN
synt hesi zed aah¥£Q toi 39. dn pneémbaditerethobinderis Al,;0,(0OH),,Cl,»12(H,0) as is

described in G.M. Wolterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105-

144 (1993}, which is herein incorporated by reference. In another embodiment,

one or more binders are combined with one or more other non-limiting examples
of alumina materials such as aluminum oxyhydroxide, y-alumina, boehmigg,
diaspore, and transitional aluminas such as o-alumina, B-alumina, y-alumina, 3-
alumina, e-alumina, k-alumina, and p-alumina, aluminum trihydi‘oxide, such as
gibbsite, bayerite, nordstrandite, doyelite, and mixtures thereof.

[00103] In another embodiment, the binders are alumina sols, predominantly
comprising aluminum oxide, optionally including some silicon. In yet another
embodiment, the binders are peptized alumina made by treating alumina hydrates
such as pseudobohemite, with an acid, preferably an acid that does not contain a
halogen, to prepare sols or aluminum ion solutions. Non-limiting examples of
commercially available colloidal alumina sols include Nalco 8676 available from
Nalco Chemical Co., Naperville, Illinois, and Nyacol available from The PQ

Corporation, Valley Forge, Pennsylvania.



I's combined with one or nore matrix material (s). Matrix materials are
typically effective in reducing overall catalyst cost, act as §heggyrapgsi nks
assisting in shielding heat fromthe catal yst conposition for exanple
during regry§iodddsen. densifying the catal yst conpositiopcriusermsesi ng

catal yst strength such as crush strength and attrition resistance, and to
control the rate of conversion in a @Articular process. [00105]
Non-limting exanples of matrix materials include one or nore of: rare
earth net al {0019d} al The rdelsculacdiave isputhésized abave, iniarprefired embmibaenta, t hori a,
beryllia, quartz, silica or sols, and m, res. 1 hereof, for .exanple

silica- nagné%?"dnﬁ’ o4 With, one Qr Qs Pt mptert {#i@m naterigls @ﬁgml?ﬁﬁiyna and

si | i ca-al umgaRatRGH teducih ofdtall é‘dﬁl?ﬂ'cﬂﬁ,rﬁct ad WdriraXsifld Abik@deSinar € natural clays
such as those fromthe famlies o nmontnorillonite and kaolin. These

nat ural cl aybielding hedfrem itiroatalyst carapasitipniforremplesluting segemesetionas, f or

exanpl e, Dix{e..MName orgia.and Flarida.clays. .Non; limting exanpl es
of ot her nat#gwfy%twg? @%&ﬂ@ﬁ%ﬁ?m H}ﬂ"”&%% fﬂg?lyi}gﬁff}%ﬁlf ?lg:,lmaf“é’ﬁ}?te, nacrite,
or anauxi t e.strbibtORe] LEHoH rdtivince, i@ to @intrbXthe Rt dhversibe it abl y any of the
clays, are subjected to well known nodification processes such as

cal ci nat i on pagislapproggsbd treat ment and/or chenmical treatment. [00106] In one
preferred e sfrent ;. 1 he . n ' ' ' A -type
conpositi on,rmgfryg era P@n&ﬁ%ﬁ%{’ég@p %Ergggj%@xtnb%%r?%%%ﬁg?ﬁ%%%o%f)%g a lowiron
or titani a aefteari meRlkfmenbboxifesdheludiby titahiagzircahia) magmesia) thedia,i S kaol i n.
Kaolin has _been found to forma punpable, high solid content slurry, it has
a | ow fresh besiilis, guastzgsilica orsals, ﬁd%g-‘i%s theseeds Tor pxample sificamagnesiai t s pl at el et
structure. A J=To RESE-\Y2 . o I3 : rix.material, nost
preferably 'Iigélg% %&r‘é&?%g%hrc %@g%%@@g%&%ﬁnmg cs)&lg gf;u{xﬁﬁaegﬁiﬁnﬁv\} th a D90 particle
Si ze di stri bambodiment, Matbsmbtesials ateaiatural tihays hudh b0 Hosd fromrtke fanddidediofent , t he

bi nder, the nol ecy] ar, gxlltf e and. the matr Ejgri | are comhined in the

v
presence of BOMMATHQpite a eél?ﬂ%‘?zlrciaé’?@\? gptgRites ABEH9SS ti on, where

the amount - Qluohidiim b £6f AERBROBES NG Ghlrgth dud slapidh (YA vl ant
preferably from about 5% by I ght to about” 20% by WO 03/059850 28 0 7 J UL

2006 PCT/ USbgiti8p exaples of other matrix materials include: haloysite, kaolinite, dickite,

nacrite, or anauxite. In one embodiment, the matrix material, preferably any of the
clays, are subjected to well known modification processes such as calcination
and/or acid treatment and/or chemical treatment.

[00106] In one preferred embodiment, the matrix material is a clay ora clay-
type composition, preferably the clay or clay-type composition having a lo;v iron
or titania content, and most preferably the matrix material is kaolin. Kaolin has
been found to form a pumpable, high solid content slurry, it has a low fresh
surface area, and it packs together easily due to its platelet structure. A preferred
average p;article size of the matrix material, most preferably kaolin, is from about
0.1 pm to about 0.6 pum with a D90 particle size distribution of less than about

1 pm.

[00107] In one embodiment, the binder, the molecular sieve and the matrix
material are combined in the presence of a liquid to form a molecular sieve
catalyst composition, where the amount of binder is from about 2% by weight to
about 30% by weight, preferably from about 5% by weight to about 20% by



wei ght, and nore preferably from about 7% by wei ght to about 15% by wei ght,
based on the total weight of the binder, the nolecular sieve and matrix
material, excluding the |iquid (after calcination). [001081 | A7akkt®r
enbodi meniyg §al8egski oht ratio of the binder to the matrixpcweberbveds used in
the formation of the nol ecul ar sieve catal yst conpositionis from 0:1 to
1: 15, preferably 1:15 to 1:5, nore préBerably 1:10 to 1:4, and nost
preferably 1:6 to 1:5. It has been found that a higher sieve content, |ower
matri x contweight, apdhoorepreferablydion kbad 7% bysweight to abaut 8% byovggsi t i on-

per for mance, however | awer Sl eve, cqnt en hi gher trEX .erial, 1nproves
the attriti 8?‘“?‘3&8& ett?itr%‘gelg t‘{fﬁ%e lg%eﬁ%g%ﬁpfeg%lfar %’6 fBg‘f}‘ pxorrl%gt%%%bi ning the

mol ecul ar  siegaladigg e ligeid M@t cxlcimatien) al , optionally with a binder, in a
liquid to forma slurry, mxing, preferably rigorous. mxing is needed to

produce a slfdP8int i dnpajothesembe thy weightaatioehthe bindes te e Mgk ecul ar si eve.

Non-limtin e Ll ele] - B I nation of
wat er, al cogﬂéﬁ,l§ et g}clhe@,g f"é‘*‘ﬁ@ﬁ‘%@é‘%h‘g#&%g‘%{’gr .SP%EDE@ %rltt)lg;tl lsCig(gr%ferred
liquid is watlap.i:i5npefeeabdyrhds tore6) morelpeefadblyrlyl Ots 1clphhdmdstmi | | ed for a
period of ti syfficient to produce the desired slurry texture,

sub- parti cl arelsrsidy 1-6arﬁ§%orlt'§%§@’-cﬁnafﬂmﬁ1@t %ﬁgﬁercﬂeé’f POBERt IBHET PRI 10]  The

mol ecul ar - SiGient ARckeRl fe IndIBLRE SRV %ﬂ?ﬁtE QRlonPRALmRINBL Fower® 1N the
same or different quwﬁ, and ar e cor med@% any “or der, t'og‘gfhé’r,

si mul t aneouddwer siergjcmtent, bigher metrixanayentdd, imptavesthe latritaf resistandeld ther ef er r ed
enbodi nent, the sanme |liquid, preferably water is used. The nol ecul ar sieve,
mat ri x m_atelc?’aP?snéﬂl?d optional binder, are conbined in a liquid as solids,
substanti al lip0109)y OrUpdh RnBiriEkht MoRculE sidve Md4hd MBSk iAGR,her or
separately. 'If solids are added together as dry or substantially dried
solids, it ioptignaly withisibinden imaltiquid t¢ forntacshires tiving, poeferablyriggrausount  of
liquid. [001111 Ln agne .enbadi nen t h lurry of the nolecul ar, sieve, binder
and mat r i x PG paes o PRARE Spsigneiflyolghehefhe Bl BfiiaB e 5 Ui form
slurry of sulbleciR biked. @ondlimiting eihged dfanitsHleNQuidsehehdeSdnecpapPosi tion that is
then fed to a formn unit that produces the nol ecul ar sieve catal yst
conposi t i on compination Efwatercticabol kgtopgs, aldelydesamdioy astso Sihemeost USCR/ 39644

preferred liquid is water. In one embodiment, the shurry is colloid-milled for a

period of time sufficient to produce the desired slurry texture, sub-particle size,
and/or sub-particle size distribution.

[00110) The molecular sieve and matrix material, and the optional biélfler, are
in the same or different liquid, and are combined in any order, together,.
simultaneously, sequentially, or a combination thereof. In the preferred
embodiment, the same liquid, preferably water is used. The molecular sieve,
matrix material, and optional binder, are combined in a liquid as solids,
substantially dry or in a dried form, or as slurries, together or separately. If solids
are added together as dry or substantially dried solids, it is preferable to édd a
limited and/or controlled amount of liquid.

[00111] In one embodiment, the slurry of the molecular sieve, binder and
matrix materials is mixed or milled to achieve a sufficiently uniform slurry of sub-
particles of the molecular sieve catalyst composition that is then fed to a forming

unit that produces the molecular sieve catalyst composition. In a preferred



29 enbodi nent, the formng unit is spray dryer. Typically, the formng unit
is maintained at a tenperature sufficient to remove nost of thg7ljyguyoe from
the slurry, and fromthe resulting nol ecul ar sieve catal yst conposition.

The resul {dehnsssdd al yst conposition when formed in this wayuselsesdt he form
of m crospheres. [00112] When a spray drier is used as the formng unit,
typically, the slurry of the nolecul @9 sieve and matrix material, and
optionally a binder, is co-fed to the spray drying volune with a drying gas
wi th an avereafhedinmngtthe formieg ahit issprayriyyeng Typically, #@FGniog 8508, and a conbi ned

outlet tenperature,ranging from100C to about 5C. Ln.an _enbodi nent, the
average dia ion is from

i ARG o BB RS TR 1B SRe oSk ST FRB T fon 15
about 40 pmg@r2aRifron Mk RENILRY BbBHAR sievE Eﬁﬁlgﬁt%@ﬂﬁoosiﬁ&m. Praciresuftfgut 250 pm
nore preferably from about 50 pmto about 200 pm and nost preferably from

about 65 pmeatalysbeampositiomwhienformed inhisiway tekss the famy phgicresnbered. urry i s passed

through a n di §t.ributing.the slur | nt.o l)_.drop s. resenbling an
aer osol sprgé'ﬂl%!o awhﬁflf}isﬁray gﬁ%‘ésrefl%i%rﬂo%lflggﬁei 1ga(l: 1%§élﬂﬁ§forci ng the
slurry througdmeleshlatdiere 200 Akt Msterial] dnid@poblly 2l tixsdeyii$ bo-Rd s Besure drop .in

the range of from 100 psia _to 1000 psja (690 kPaa to 6895 kPaa). In another
embodi nent , dsyipg vglume withar &ping g WithyRn averags inlel terapyptarcarngiag t i pl e

SPHe
I I | ' ' 1 Ui h i r.. ,
ot her  surt anren g shaRAT ] Loihed it BedeOlsbein® BBRO0IC Y, Yios o r bed
above i's di rgEhensio. 1o ditenfbRioiERl, Mo b SRR DAMPRSE) dfibAbrflkst 11 butes the

slurry into small droplets, th size of which is controlled by nmany factors
i ncl udi ng slaatatyst eommoeiion ys fremabad 40 paa sbart 300 Luyprefrably fromsboute, and

tenmperature gf the sl , the sh and i sion qf ¢ nozzle(s), or the
spi nni ng rat "B?t‘fﬂ’é’“a#@y %W@B’«?ﬁg?%%ﬁ@?’sa%aw %@n&&m@g%aadco-current
Or count er - Gl BRiferhblP Yol abdhit 65128 &) MBufl 90 @gh @ spray drier to forma
substantially dried or dried nolecular sieve catal yst conposition, nore

speci fi cal | 0BLI3b| ecDuring spraydrying, thoskioy if passed thiooghi®nozxglsner al |y, the size
of the powdey .S .C rglled. t xt ent th solids. content of the
slurry. I—b\A/eci}senfl;éuucn%%? Sgﬁm%{‘m‘f %Iééfs)ﬁgg%lg%’frc? blﬁ%%?%%gic’? EH%\’] 22006 WO
03/ 059850 PhibpCRAnte4Atomization is achieved by forcing the slurry through a single

nozzle or multiple nozzles with a pressure drop in the range of from 100 psia to

1000 psia (690 kPaa to 6895 kPaa). In another embodiment, the slurry is co-fed

through a singie nozzle or multiple nozzles along with an atomization fluid such

as air, steam, flue gas, or any other suitable gas. <

[00114] In yet another embodiment, the slurry described above is directed to
the perimeter of a spinning wheet that distribuies the slurry into small droplets, the
size of which is controlled by many factors including slurry viscosity, surface
tension, flow rate, pressure, and temperature of the slurry, the shape and
dimension of the nozzle(s), or the spinning rate of the wheel. These droplets are
then dried in a co-current or counter-current flow of air passing through a spray
drier to form a substantially dried or dried molecular sieve catalyst composition,
more specifically a molecular sieve in powder form.

[00115] Generally, the size of the powder is controlled to some extent by the
solids content of the slurry. However, control of the size of the catalyst



30 conposition and its spherical characteristics are controllable by varying
the slurry feed properties and conditions of atom zation. [Ooﬂﬂale.dﬂﬂﬁar
nmet hods for form ng a nol ecul ar sieve catal yst conposition are described in

U.S. Pategfo ARRdssgation Serial No. 09/617,714 filed Jul ypdwusi230d4 (spray
drying using a recycled nol ecul ar sieve catal yst conmposition), which is
herein incorporated by reference. [00347] In another enbodiment, the

formul ated nol ecul ar sieve catal yst conposition contains fromabout 1%to
about 99% ocammsitioafaad itbkphefical chahaetisticHire tantaiiobit bY Obdyirgrite stasy pref erably
from about %Ogoto about . 80%. ]l:)% w.ht. of the nol ecul ar sieve based on the
total wei ghfeePropréiesidanitionsp 1Zalioty yst conposition. [00118] In

anot her errbgﬁilfrqnt, Gthé MRhelRtfoPBFRRE & nitfledhiab idve éd@alfsﬁtc&ﬂpééﬂﬁm spray dried
nol ecul ar sieve catal yst conposition based on the total weight of the

bi nder, nol esyesribed m/é.S. Bateht depplitatiomSemal Nol. 09/617.7 bhfileBduly 1292000 wei ght to

b % ght . . f b b % b L b % b
i gt . ana CPRS A B EREAR BeleaBR A syt BB b 15 oy el gt

[00119] OncgerkingndtBpceabd BY reférete. cat al yst conposition is formed in a
substanti al !Hk/o}dry or dried state, to further harden and/or activate the

formed cat #0ET cordpenethersmbodineah the foapulatad molagular gieveeatalyshat i on, at an

el evated t re | I ' i nation

envi ronment Spapostot Bplafs 5 bet DR MolESbos G RARbGR SBELTEL U0
Typi cal cal stgtatabaun 90%ambnadt prefaralbly Gomubbixel 0%avgbohr 80%,dycsigld 00C t 0 about
1,000C, preferably from about 500C to about 800C, and nost preferably from
about 550C PbthgBwlaculay gigs basedencthe kgl weighd obthe maleehlappievsatalhinent such as

air, ni trogggl.R J@ﬁ.lo';num flue gas (conbustion product |ean in oxygen), or any
conbi nation t %reo . [00120] In one enbodi nent, calcination of the
fornul at ed #f@0128Jul arlnahether entbatimens thecweigha petcemtrof bindeminrared theut i n any

e o Ve Ao eces, LR AN Lot ol Cobel 15 Saalibild Ded
dependent OB ifiedRALIEEsiNe, BRI HANK Rihtetal 1 RO TR BY wilight o fARLA! YSt
conposition and the tenperature ranges from about 15" m nutes to about 2
hours. 07 JB0%byoéight wekabbaon about 5% by weight to about 20% by weight, and

more preferably from about 7% by weight to about 15% by weight.

[00119] Once the molecular sieve catalyst composition is formed ina

substantially dry or dried state, to further harden and/or activate the formed

catalyst composition, a heat treatment such as calcination, at an elevated -

temperature is usually performed. A conventional calcination environmeﬁ; is air

that typically includes a small amount of water vapor. Typical calcination

temperatures are in the range from about 400°C to about 1,000°C, preferably from

about 500°C to about 800°C, and most preferably from about 550°C to about

700°C, preferably in a calcination environment such as air, nitrogen, helium, flue

gas (combustion product lean in oxygen), or any combination thereof.

[00120] In one embodiment, calcination of the formulated molecular sieve

catalyst composition is carried out in any number of well known devices including

rotary calciners, fluid bed calciners, batch ovens, and the like. Calcination time is

typically dependent on the degree of hardening of the molecular sieve catalyst

composition and the temperature ranges from about 15 minutes to about 2 hours.



PCTI USO2/ 39644 31 [00121] In a preferred enbodi nent, the nol ecul ar sieve
catal yst conposition is heated in nitrogen at a tenperature of (ffr fijp Bbfout
600C to about 700C. Heating is carried out for a period of tine typically
from 30 miygyisRsesk® 15 hours, preferably from 1 hour to mbmuse2@ésaours, nore
preferably fromabout 1 hour to about 5 hours, and nost preferably from
about 2 hours to about 4 hours. [00122‘]I O her methods for activating a

nol ecul ar si eve catal yst conposition, in particular where the nol ecul ar

sieve is a MeMall on Iprgueferedsmbadimentthe melecular igve catalyist ¢amaesitiophosphor ous-

and al um nunt, s e a tenplati ng e base, nore
parti cﬂl ar F&s hoFa%HII?E%Qg?Prﬁ g%ﬁ'b‘é It Z%P 460@%%%0@{7?@ €. (SAPO) are
described | Heafi®) is @%HOPbE: folh Serioddf eite tﬂﬁcag? {803 Brhthutdzaat 5 Rgurs, 10l ecul ar

sieve of gel alum na and water to 4500 WO 00/ 75072 published Decenber
14, 2000 (h@mfm@lytf@m bhens teeboahiheurs f metepseferably froanebout Showgel i cat i on

Ser ' o, QRLS%5 FAud 8 pAREy 8 £0HO0 I HNEARI A" ol ccular

si eve), are a I'ncor porated by reference. Oxygenate to

A efins Proqeci22] 00106Er hmethedstoriativatith amblecilamsitve eitaltybtecoprpeaﬁm of the
I nvention, the _[feedstock contajns one or nore ox nates,. nore

speci fical | yn P@'H@-‘lﬁrwh%‘%@e molesRar sievedsp SRRSO P the cogbinationafst one
oxygen atom, .t %dstoc ’éfnﬁﬂnurﬁ%ﬁ%ﬁ% ﬁ%m%?g%gnea;s of invention,

t he oxygenat e1n t’  a-one or nore referably
al i phati c alpolyinkic Haseyineregattivelagly iapsiiabalominopbdsphaié cathlgst cammpoditidr{ s) has from

éLé?erngfsngé-ﬁﬁi Faeseibel Bofir o ”O%eﬁa%n%%ﬂoﬂ%@%w% fZESsF‘éiL i
ol | phati ¢ Al st el Atk ek RS0 REIOND QIR BG4 g

exanpl es of Db‘cmgmaﬂemoor@hﬂaﬁd@torieid&atn@inpuﬁtdfwmqﬂate);lancbw@anoI i sopropanol ,
met hyl et hyl et her pr opyI et her,

her, th |
o nal dehy JAPRIFHERISTINONA DORSBATH Blerpr 16, 2B00 fuvensiion o Beomtier and.
mi xt ures t NQIS0f whidl Al heldty hil ﬂ&?ﬁorﬁ&@fzyﬁfe@é? cgnbodi rent, the feedstock is

sel ected from one nore of t hanol anol , di net hyl et her, di et hyl
ether or a dbf}’ﬂpnmuo@ieﬁhs‘l’rdqmbs 2006

[00123] In a preferred embodiment of the process of the invention, the

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 of the process of invention, 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
the process of the invention include lower straight and branched chain aliphatic
alcohols and their unsaturated counterparts.

[00124] Non-limiting examples of oxygenates include methanol, ethanol, n-
propanol, isopropanol, methyl ethyl ether, dimethyl ether, diethyl ether, di-
isopropyl ether, formaldehyde, dimethyl carbonate, dimethyi ketone, acetic acid,
and mixtures thereof,

[00125] In the most preferred embodiment, the feedstock is selected from one

or more of methanol, ethanol, dimethyl ether, diethyl ether or a combination



WD 03/ 059850 PCTI US02139644 32 thereof, nore preferably net hangl @Ed@ﬂﬁ
di net hyl ether, and nost preferably nethanol. The various fee Jt Btk

di scussed above, particularly a feedstock containing an oxygenate, nore
parti cul ailoosisdsgedst ock containing an al cohol, is convep¢mdsoppdaarily into
one or nore olefin(s). The olefin(s) or olefin nononmer(s) produced fromthe
feedstock typically have from2 to 3BZarbon atons, preferably 2 to 8

carbon atons, nore preferably 2 to 6 carbon atons, still nore preferably 2
to 4 car baRéredd Midte prafechbDSEthidiof bl diflethybéthst] aEmes peeferpblppy| ene. [ 001261
Non-limting exanples of olefin nmononer(s) include ethylene, propylene,

but ene- 1, ﬁ@ﬁb@h”é—l, 4- met hyl - pentene-1, hexene-1, octene-1 and decene-1,
preferably gihulcnCee =1 B - et - pentene- 1,
hexene- 1, Fgﬁctene-l a&r%gfﬁlﬁ%%ﬁ@r%%ed?}%%gg#waﬁgéf’égﬁsetﬁkncérrlrﬁgﬁ%%érn(s) i ncl ude
unsat ur at edoxygemahe more phrtiduddrlyrsfesdstock gortaining B8 atrahdlois canvented conj ugat ed or

nonconj ugat ed dj.enes, pol yene | nyl agneers, and cyclic olefins. [001271
In the nostprﬁP%’fl%W‘éﬂn"e BAP Héﬁf‘&% q%g%ek?mﬁg%g}eﬁ Ryocﬁ.?ce ne or nore
oxygenat es, s u&q@yﬁgokﬁ?y%mp Bgveltidas 816 80 Sfibéh 4TBhE PrasbIS ey g cat al yst

conposition into olefin(s) having 2 to 6 carbons atons, preferably 2 to 4
carbon at osmshonibans, proes prefeidbly, 2 tonfecavboafatergs; ytill alopmgreforabtyohtvihati on, are

converted frogma  feedstock cgntaini an ,oxygenate, preferably an al cohol,
nost pr ef er“égq%’?sa‘i?ﬁ’cs’r@ﬁ ?“P@gq@ﬁhgg%?%ﬂ%‘ﬂg?%ﬁ(s) ethyl ene and/or
propyl ene. [ofP381 NRRlEnBHE e:MIPlesRT BleBA HhokeRS) ihhudediide, f eedst ock into
ol efin(s) including various cracking processes such as 'steam cracking,

t her mal r egesapylens; beneet.gentensy], 4 methyi-pastenpd ohexene kiastgnefliandd catal ytic

cracking, deep catalyti.c crackin and_vi sbr eak gl 291 The nost
preferred p eS%éeég preggrafélxgﬁg?% plr%?yéel’nlﬁé t?ngﬁagenr%.eglgrﬁfgf’agéipe&eg?'i ns (MO. In
a MIO procephexdnéfl, 6etedeyl at iooniigefiafeatl OoRAGEREIonsMELs) ikhrieer ably a

met hanol containing feedstock, is converted in the presence of a nvolecul ar

si eve cat al yaseturstndgnenonest diotafias badngt tnk eargmeatomy, sonjugntesiasr abl y and
predom nant gﬁékﬁ@g@' SR N RheL VAPV hE NS el fiEhighLSd to as light

ol efin(s).
[00127] 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 combination, are converted from a
feedstock containing an oxygenate, preferably an alcohol, most preferablg,_ .._
methanol, to the preferred olefin(s) ethylene and/or propylene. |
[00128] 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,

[00129] The most preferred process is generally referred to as methanol-to-
olefins (MTQ). In a MTO process, typically an oxygenated feedstock, most
preferably a methanol containing feedstock, is converted in the presence of a
molecular sieve ;:atalyst composition into one or more olefin(s), preferably and

predominantly, ethylene and/or propylene, often referred to as light olefin(s).



WO 03/ 059850 PCT/ US02/ 39644 33 [00130] In one enbodi nent of the process for
conversion of a feedstock, preferably a feedstock containing que gy 20’ e
oxygenat es, the amount of olefin(s) produced based on the total welght of
hydrocar bop, gygshdged is greater than 50 weight percent, ppi@k@yabdy greater
than 60 wel ght percent, nore preferably greater than 70 wei ght percent, and
nost preferably greater than 75 wei gh83percent. [00131] Increasing the
selectivity of preferred hydrocarbon products such as ethyl ene and/or

propyl ene f[oo#30]he (nbicembalimeit ofithegxotgestat eonversivn of afeddetoe, ar  si eve

catal yst conpgsition i.s descrihed in U S. Patent 6, 137 | i near

No. 6, .
vel ocity), B WW@W@@B@W&%?%WW@@%@@W%MO%’Q anol upt ake
i ndex of at , ' ' | ed by
ref erence. p{og%‘%gg%éi’% %@?g?’g%gl?oﬁg&odggbgﬁ gfgﬁ#edﬁ%g&g%fn?gl?ﬁés one or nore
di | uent ('s), weightopereeint, praferelly igeeates thao 60 wheeght percamy mare ipoeferably igreatet eedst ock,

and are genera non- reacti.ve to the feedstpc r .npl ecul ar sieve catal yst
conposi t?onﬁmﬂl%-xﬂe* P‘frﬁ'i?’aéﬁgé??ﬁf%@}e@?’lycﬁt gﬁﬁ%‘ﬁ’ﬁ@?%"@ﬁ'um ar gon, Y
nitrogen, CaypRof) MONRtbAihg theiddRvitfbipréfdRed NRESdarboRpr&dtcisabdyasnON- r eact i ve

paraffins (especially al kanes such as  nethane, ethane, and propane),
essent i al | yethyane andéripyapytene fuer the conyprsiones an gryienate ¥sing e moldeulapof . The nost

preferred di.luen re water .and nit.r.o Wi ing particularly
preferred. flﬁﬁlﬁysﬁﬁ%’:‘%‘?sf@@ﬁ? flesﬁ’glfegrl?%gg?ﬁgggﬁt}%ﬁ@;mﬁﬁ%%?i quid or a vapor
formor a ¢&odiy)aht PCT Wey 30774848 peblithédBedembsr B, 200 (ndelEiee] Witiect |y to a

f eedst ock entderi&g;mit% &)a gieﬁct oa&h;r.a%geq di reac;;f;llg/ i?to a reactor, or
added with Hdppp a8y V. 51)eWyalich geerad| Derin R peOTROraee Oy wigensc.enbodi nent, the
amount of dj t i ngt | S0, t r ut 1 to about
99 nol e per dé)z base egﬁe d%tﬁgletq%?%(mrﬂgtfa{)ﬂéér}“’ cgﬁtd#g:?’ggog o{eﬁ@r&%@@gstock and

di luent, prepiabphiedits estuedibe torkediteatio ofie Eecdstoelg ahd arePefi@alyyner ably from

about 5 to about 50, nost greferabl y .from about 5 to about .25. In one
embodi ment , rgetE o Hipdreistock anmoleparigye qatplysteompesition cRoslimiting  directly or
indirectly, L NGl ] ef | D ffid ) QBHofeleS ee for

exanpl e U. s° tlét-i?nrbt%dﬁlg&t%l}@sﬁ?éi%fn’a glﬁtﬂlfl o%%c%%nat | ?:cs ,%afl:(o?ﬁ xtures
thereof, pdiekideabdtyr, pssepiall men-rénotive paredfing(espeyiaby elkamesduchidser hydr ocar bons

havi ng 4 or re carbon, atons, or ma]ftures thereof. 0 7 JU 20d06
methane, ethane, and propane), essentially non-reactive aromatic compounds, an

mixtures thereof. The most preferred diluents are water and nitrogen, with water
being particularly preferred.

[00133] The diluent, water, is used either in a liquid or a vapor fom_a\,qgf 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 embodiment, 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 I\‘Io. 4,677,242, addition of aromatics) or mixtures thereof,
preferably propylene, butylene, pentylene, and other hycirocarbons having 4 or

more carbon atoms, or mixtures thereof.



WO 03/ 059850 PCTI US02/ 39644 34 [00134] The process for converti ng‘gl §
feedst ock, especially a feedstock containing one or nore oxygeﬂ t %,mq n the
presence of a mol ecul ar sieve catal yst conposition of the invention, is
carried Ol jsRsdksf €aCtion process in a reactor, where tpherpsncess is a

fi xed bed process, a fluidized bed process, preferably a continuous

flui di zed bed process, and nost preferdbly a continuous high velocity
fluidized bed process. [00135] The reaction processes can take place in a
vari ety of Ja0xMdyti cThesprotass for cennektings fagdstockd espesiAllyrasfeedstock have a dense bed
or fixed bed zones and/ or n zones I%:)tupl

toget her, ci%R@™8 %G OF mfedc?)ggaxaéeéqu@ea%rﬁgpge Ofai'rp‘glts?‘ﬁ?’resécvf §#8YStand the i ke.

Sui t abl e Corb%ﬂijl_)bélﬁ&ﬁéfth@ﬁﬁézﬁfontM@Qﬁle&b@t ﬂes&bu&epkowsshpareams@npl e UsS
Patent No. 4,076,796, U.S. Patent No. 6,287,522 (dual riser and

FI ui di zat i orviregjihe amepssds a fixeddediprocsssga uidized bedsproesss, mefBebly &£ Kri eger

noor por at ed hgunts BPEHed B brptY aid Rt el Bl SR 0 1o

react ors gerftidikddbedpsoeessbed in R ser Reactor, Fl UI d| zation and
Fluid-Particle Systems pages 48 to 59, F.A Zenz D.F, O hno, Reinhold
Publ i shi ng d8P13S at i bhE repgtipnwsqesses epngak %@CB‘S"“‘%? Xiis regstors 6, 282

(fast-fl uidi erial No.

09/ 564, 613 {1 chﬁ}g“& gsr%‘t(m‘?t @ebgﬁa&ég{}t&?%doreﬁaaﬂﬁﬂl e o Al herein
fully incor dhndlzmbeﬂyeacatblezmwoup[eﬂﬂd@ﬁier,Iclrculatmgﬂmﬂmdbsdlresrdncasii ment, a
fluidized bed roces h Vv | di zed bed cludes a
react or systh reﬁt?é'gfé‘aél?&gﬂl% @bg ¢ & feffcé??ms?f%?é rﬁ’ﬁﬁ“{@bl%] The
reactor syst&mnBeqf §minY Nos4,874,596, d@@qteﬁﬁ@&tsozsvmg & hayy,agha first

reaction zone W thin one or noré riser reactor| a second reaction zone
wi t hin at | dsidizetien Ihigirearogilh Kunised D, Lpsreaimlalb<bhertcﬁ)rﬁ:rtagsn ng one or nore

cycl ones. odi nen{., e e gr ri. 0 and

di sengagi ngrb@ﬁ&@@?@P%%ﬁvh&dk’ﬁe%?wkggﬁr’@‘ ’Fgﬁﬁg f\fﬁ@i Fresh

f eedst ock, ph&rpdraed Yy ref@Bicai Ni Ng one or nore oxygenates, optlonal ly with
one or nore d||uent(%§. is fed to the one or nore riser reactor(s) in which

a zeolite orl09EW]ite g/mfewgd eeagiontype are riser reactors generally described in
Riser Reactor, Fluidization and Fluid-Particle Systems, pages 48 to 59, F.A. Zenz

and D.F. Othimo, 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 age all
herein fully incorporated by reference. )
[00137] In the preferred embodiment, a fluidized bed process or high velocity
fluidized bed process includes a reactor system, a regeneration system and a
recovery system.

[00138] The reactor system preferably is a fluid bed reactor system having a
first reaction zone within one or more riser reactor(s) and a second reaction zone
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



0 7J UL 2006 WD 03/059850 PCT/ US02/ 39644 35 sieve catal yst co&‘gomgb n or
coked version thereof is introduced. In one enbodinent, the no d bbsi eve
catal yst conposition or coked version thereof is contacted with a liquid or
gas, or c@fisRadssn thereof, prior to being introduced tecT/ufw/spdsger
reactor(s), preferably the liquid is water or nethanol, and the gas is an

I nert gas such as nitrogen. [00139] | %2 an enbodi nent, the anount of fresh
feedstock fed separately or jointly with a vapor feedstock, to a reactor
system i s i sietenatalyshepmpstition oneaked vesgiondghareqfdy intpduced Wowgt 85 wei ght

percent, pr ( r a . ' er t | ght percent,
nore prefer g%ﬁvﬁrs‘%?ghgg"o%cg@y%%?egﬁ\wﬁ@h)%géoggpﬁtsﬁag 055%(39 Qgég’hvﬂée?‘aqr\ﬁs per cent

based on t heontated witted Bdid 6f gds) et chombiiatiacthedest; ptiok to Geing)nteiduteits  cont ai ned
therein. The |jquid and vapor feedstocks are preferably of simlar

conposi t i onthegiserTepter(s) P&ﬁg‘?blﬂdhepk‘ﬁ%ﬁtW%@EfeﬂlaH@: %"ﬁlr%e &S 18 f er ent

f eedst ock Weﬁgaé{h%hﬁgﬁiﬁ-og different diluent. [00140] During the conversion
of oxygenates t°0 I'ight ol&fins, carbonaceous deposits accunulate on the
catal yst us{®13% pr dneb embiimentnthe asioont of fash feedstockifed sparetefyosrnt , t he bui l d
up of these, caybonaceous _deposits causes a reduction in.th capability of
Lhe cat al ysIOY G SFR0F (R tesk o Taor e T m B PesfdIam .l At this  poi nt,

the cat al ySlyeight jaécni @ldb¥utSSAA Bt MORRIOE th BbOLE vielihu pebnger  conver

an oxygenate to ‘an ol efin product, the catalyst is considered to be fully
deact i vat edto shouta7 Ssweightiparcetemprequefsrablyffrannabaut & swsight peroentitd abept a porti on of

the cataly s, Wthdrawn,fromthe reactor ar,at and at..| east a portion
of the por ?1% bt ‘gPﬁf?%%Fé'ﬁgﬁsP%?R ?’ﬁém evéeéglgr‘)%ﬁf_f%g?t?ﬂ%ﬁnf fhnigfan%gxtlu 1y,

regener at edcédiaifed theeRN ahalighid alY varRe eRadtédks ark. préferably ofeadilart hat t he

car bonaceous deposits are at least partially renoved fromthe catal yst.

Desirably, t¢rapgsiion; enropfin eyiegpraportions ofjithesameg on diffesant faedsteckact or i s at

| east part'@ith)(heds%ﬁl%to'rﬁﬁfe?&tdiﬂ_ ﬁt'rem_al ning portion of the catalyst in the
reactor apparatus I's re-circulatéd w thout regeneration. The regenerated

catal yst, wiooi4ey wihhingtthcnkérsion of Sxylgbtitesté liphtvddink catbtadeact or .
Desirably, the rate of withdrawing the portion of the catal yst for
regener at i ofeROsits geeumlats onthecatalyst used i promptpthe convawsiondeactigh. Ahe cat al yst

exi ting thegffacsiar theMiup of these carbonaceous deposits causes a reduction in the
capability of the catalyst to convert the oxygenate feed to light olefins. At this

point, the catalyst is partially deactivated. When a catalyst can no Jonger convert
an oxygenate to an olefin product, the catalyst is considered to be fully ey
deactivated. As a step in the process of the present invention, a portion of ;:he
catalyst is withdrawn from the reactor apparatus and at least a portion of the
portion removed from the reactor is partially, if not fully, regenerated ina
regenerator, By regeneration, it is meant that the carbonaceous deposits are at
least partially removed from the catalyst. Desirably, the portion of the catalyst
withdrawn from the reactor is at least partially deactivated. The remaining portion
of the catalyst in the reactor apparatus is re-circulated without regeneration. The
regenerated catalyst, with or without cooling, is then returned to the reactor.
Desirably, the rate of withdrawing the portion of the catalyst for regeneration is

from about 0.1% to about 99% of the rate of the catalyst exiting the reactor, More



07 JUL 2006 WO 03/059850 PCT/ USQ2/ 39644 36 desirably, the rate is from about
0.2%to about 50% and, nost desirably, from about 0.5%to abggt %06

[ 00141] Desirably, the catal yst regeneration is carried out in the presence
of a gasy@Easbsshng oxygen. Air and air diluted with ni pcogemnms4CO2 are
desired regeneration gases. The oxygen concentration in air can be reduced
toa controlled level to mininize o heating of, or creating hot spots in,
the regenerator. The catal yst may al so be regenerated reductively with
hydr ogen, desidtily,abke mafe ibfdmeden (62%d teatvolnoF0%amd xinde desirablyt frem sui t abl e

reduci ng gases. 00142] _The catal yst may be regenerated in any nunber of
nmet hods - - %’3%91?*"‘3%?&4‘30 us, sem -continuous, or a conbination thereof.

Cont 1 nuOUS (1) VS DSIRRAAHalsbt deferbralBAid AR atkn PREAEABEY. the

catalyst is regénerated to a |evel remai ni ng coke fromabout 0.01 w.%
t o about 15gasicosipuifing dxyemei Hirtand pir dieted with aityogen of 007 #gldesited cat al yst
regeneration te erature.@hould be from about 2%99 Qud about 750C, and

exc

desirably fFEHCEEERE2 S0 FVREDIR AT R WeEP ;i

angéJra may be used to

control t hecdn@BP&Y 186l temMitmibedvérheating 9€ e Erhiig Kot spdieinigsi red range.
[00144] When the regenerated catalyst fromthe regenerator is returned to a
react or appEERCEAor. ithe petglyplanayalsorisaegenerated sedyctivaly with Aydegave, t he reacti on

zone, and/ ' S ondui t whi ch
recircul gt e@fﬁgse%fa}wgﬁ’ ;%S‘% Qﬁ%ﬁ%ﬂ%f@éfgé’g% ﬁéﬁ%ﬁfﬁ&@@g&%@eﬁm et zone.
[ 00145] Desjoopdd]y, The aitylyst medeiiegentrared in Snycaumbeeof methodsn- bdtch,east

partially deactivated catal yst that has been stripped of nost of readily
renovabl e OfAFHRATQUS, STRU-EPRUNUQUS, 8F 3enmbiratiopn thegeas Coptiougsatalysti nni ng zone

first. Thi SreaideltBhMh He&)ﬁgma&.hbgé{ﬁgle{pﬂ'le BAZSsreRerthdtbPRIaNlGvgas over the

spent catal ySt at an elevated tenperature. Gases Suitable for stripping
i ncl ude st ecfiremainingegkafromeabout®,0lartdé g abouet hwh¥, of @ERweigld of khedr ogen, and
m xtures thereof. A preferred gas is steam (Gas hourly space velocity
(GHSV, base® Lvol ume of gas to volune of catalyst and coke) of the

tS Ea :r;:)glroia'? gr g[sm(l)A]!:,’q SI { %?ﬁgygtrrgge%ﬁﬂgﬁ%ma%g‘g tala%%%%tglg Q%%ﬁﬁ abygé@é?ﬂ%&:ﬁ%is i rably

from about 750°C, and desirably from about 500°C to about 700°C. A heat exchanger
may be used to control the temperature within the regenerator to the desired range.
[00144] When the regenerated catalyst from the regenerator is returned to a
reactor apparatus, it may be returned to the disengaging zone, the reaction zone,
and/or the inlet zone. It may also be returned to a conduit which recirculates the
catalyst from the disengaging zone to the inlet zone. o
[00145] Destirably, catalyst regeneration is carried out on at least partially
deactivated catalyst that has been stripped of most of readily removable erganic
materials (organics) in a stripper or stripping zone first. This stripping can be
achieved by passing a stripping gas over the spent catalyst at an elevated
temperature. Gases suitable for stripping include steam, nifrogen, helium, argon,
methane, CO,, CO, hydrogen, and mixtures thereof. A preferred gas is steam.
Gas hourly space velocity (GHSV, based on volume of gas to volume of catalyst
and coke) of the stripping gas is from about 0.1 h to about 20,000 h™'. Acceptable
temperatures of stripping are from about 250°C to about 750°C, and desirably from
about 350°C to about 675°C.



about 350C to about 675C. 07 JUL 2006 WO 03/ 059850 PCT/ USQ2/ 39644 37 [00146]
The feedstock entering the reactor systemis thus preferably cobvyettdilh
partially or fully, in the first reactor zone into a gaseous effluent that
enters thgolspeaepdi Nng vessel along with a coked nol ecul ecT/BSEBgs4cat al yst
conposition. In the preferred enbodi nent, cyclone(s) within the disengaging
vessel are designed to separate the mBfecul ar sieve catal yst conposition,
preferably a coked nol ecul ar sieve catal yst conposition, fromthe gaseous

ef fluent c@¥ldélni nFhedesdsiockrentering the¢ teagto) sysienhis thusipeeferablgngagi ng zone.

Cycl ones are referr. ver rayi ffects [ | sengagi ng
vessel w | c%ﬂ"g ¢ sgfﬁr;lglg’f %rhﬁpﬁ’égtt:héet%ﬁyrg%&%gn%%@ﬁal%ér%ﬂg re?)hn'%ep ﬁtggtgaseous

ef fluent. Oehers tieadisengssiivessst LA WithG cokdtemetllnysdvecaalyersi tions fromthe
gaseous effluent jinclude the use of plates, caps, . el bows, and the |ike.

[00147] | n &prePsiiond inibspresmredranbodivasnt eyclane(@wihinthedisengagingngagi ng  system
i ncludes a disgnaag | ' f the disengaging
vessel is tggégtrl ppilré%%&/{z%o%% Jﬁgﬁeéﬁhﬁﬁéedl%gﬁg%%F&Sst%ﬁ%l?ggﬂ%lgove. [ 00148] The

t enper at ur e pteferfibly a teked mmienudar edeygemaly e sompositicgh froml thé gassousaffleat over a

wi de range depending, at leasi . in.part, on the catalyst, the fraction of
r egener at edcﬁrg‘ﬁlﬁ‘lnﬁgge P"rfnared’i?ftﬁ‘@é”f‘ ﬁgﬁg}sgt}gagwg.zp% %X‘?S‘quﬁﬂﬂeation of the
reactor — appRidedshoiiled Bvite BOLA withh SoTRRHEIH st WRPERS WraP! OVEd i 1

the conversion process, “specifically wthin"the reactor system is in the
range of fr ¢mcatslyst copositionsofrerh the gas@ns efflupmte 8heximhephdds don seprrating250C t o

about 800C, ,nor ef er ahl f r ogm about 0C.t bout 750 et nore
preferably fl}e(ﬁqfag%{ﬁ?{npgg@e}{st %Omglbeogffcoé% Pe§éPag%etﬁc K5 pba%e‘f épﬁrbl y from
about 350C emodabeul aRAfke, nost preferably from about 350C to about 550C.

Lower tenperatures &gnerally_result in lower rates of reaction, and the
formati on r&M4dF t He oeembedimpitgf theglisengagingysiewe the disegeagingone nar kedl y

PLover. ot ok PRSI SoSR SR Aot BE LB, ™ T e

and |ight saktdselds the skippingQdnd BrRlef ik @bidifiondmyteabonre t oo  hi gh.
[00148] The temperature useful to convert oxygenates to light olefins varies
over a wide range depending, at least in part, on the catalyst, the fraction of
regenerated catalyst in a catalyst mixture, and the configuration of the reactor
apparatus and the reactor. The conversion temperature employed in the conversion
process, specifically within the reactor system, is in the range of from abgut 200°C
to about 1000°C, preferably from about 250°C to about 800°C, more préfe'réably
from about 250°C to about 750 °C, yet more preferably from about 300°C to
about 650°C, yet even more preferably from about 350°C to about 600°C most
preferably from about 350°C to about 550°C. Lower temperatures generally result
in lower rates of reaction, and the formation rate of the desired light olefin
products may become markedly slower. However, at temperatures greater than
700°C, the process may not form an optimum amount of light olefin products, and
the rate at which coke and light saturates form on the catalyst may become too
high.
[00149] Light olefins will form--although not necessarily in optimum

amounts--at a wide range of pressures including, but not limited to, autogeneous



[00149] Light olefins will form-although not necessarily in optinum
anmounts--at a w de range of pressures including, but not |imte@7tjgl 2006

aut ogeneous 07 JUL 2006 WO 03/059850 PCT/ USQ2/ 39644 38 pressures and
pressur esylyQsaput 0.1 kPa to about 100 MPa. A desiredp@rresisds is from
about 6.9 kPa to about 34 MPa and nost desirably from about 20 kPa to about
500 kPa. The foregoing pressures do n88 include that of a diluent, if any,
and refer to the partial pressure of the feed as it relates to oxygenate
conpounds  @mdsuses andpragsures fréte pbaift 0.1kPade abat 1GLMPadA dssiredpressiegt ed r anges

may be used.and r t,. eX om,t ft | P lon. Lower and

upper ext re%aﬁo%Pgoﬁpgggﬁﬁ%g@%gmraggIrg%%%%f%e)'%ﬁy grgfne%’t% Ffvilbtlé{attéonver si on,

coki ng r at e ab&t 80O kP4, EE! foRBoing dfeSsurdbalvnot include ¢lat ofd diluens ifsink) still form

and, for that reason, these extrenes of _gressure are consi dered part of the
8o

present i nvapd reer to fhowenial prassired theafegdbasst rolgiesyo exysspate sempodpdenat e
conversion r, sl | ' lran%;é he reaction
zone per hoﬁ‘?‘fﬁgﬁeﬂrn V\ﬂsgﬁ?e%?%ﬁ%ﬁrg%ﬁn{ltgirﬁ&gf’ﬁeasgﬁ%eﬁ t eyglg?g%gsseﬁﬁll the reaction
zone, funct iagmotexdiuded dropt the sevipe of thedmitention. [dveer tud appepestgerabd to the
reaction zone incl udeg al ly 0ﬁyg$epFat_e_ in both the vapor and |iquid phase.

Al t hough t h@ EEFaMRE ACYREy . CBWWeFO‘Hﬁfsm%ﬂ g %FJFa"&QHi nerts,
fillers or Bipdgidver fght WedMds Wil Gl foith 3h&FortBitPehsOllidesk BRrerYRigght Of
nmol ecul ar sieve in the catalyst in the reaction zone. The WHSV is desirably

hi gh enough prassure anetcansiderétepartxifdhe/presentingentioni di zed state under the
reaction congdi.tions and,w t hi ctor confiqguration and design. [00151]
General |y, Hﬁdeltsbtlsv ‘gé’“?cr’éﬂgea o‘&gﬁyxﬁ% ef’@'%?ﬁ?fﬁ?"%’ﬁﬁé?%lgacn%’si rably from
about 2 hf' defncagWeighP ot oi{ygeaétsitormﬂeaﬁmzoa@befh%ﬁpﬁet ko Nf' to

about 1500 hf'. For a feed conprising nethanol, dinethyl ether, or mxtures
t her eof , t henalgsiar sieveliashe eatalyst in the seastionsgenetfugion with theipkesast e desirabl y

from about .20 hf' t.0 ut 300 hf, . 0152] . superficial. vel ocity
(5% of t hdteations HBRE s, O s e e A0S o e n B8R Thin ¢ he
react or systtyWapér siddiqaidaiaye. sAltfough @tcatalysthai cbngn othBemaredigeul ar si eve

catal yst conposition wthin a reaction_zone in the reactor. The SGV in the

process, parthichachay ey fillers of binders dbe WHS iscalaplated uging aplyitha| ar | y
weight of molecular sieve in the catalyst in the reaction zone. The WHSV is
desirably high enough to maintain the catalyst in a fluidized state under the
reaction conditions and within the reactor configuration and design.

[00151] Generally, the WHSV is from about 1 hr ' to about 5000 h.ri'_',’
desirably from about 2 hr' to about 3000 hr, and most desirably from éb(—).;.lt 5 hr!
to about 1500 hr''. For a feed comprising methanol, dimethyl ether, or mixtures
thereof, the WHSYV is desirably at least about 20 hr'' and more desirably from
about 20 hr”' to about 300 hr.

[00152] 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 (m/sec), preferably
greater than 0.5 m/sec, more preferably greater than 1 m/sec, even more preferably
greater than 2 m/sec, yet even more preferably greater than 3 m/sec, and most



wWithin the riser reactor(s), is at least 0.1 neter per second (nisec),
preferably greater than 0.5 nmisec, nore preferably greater thafl7 Ji &¥c,
even nore preferably greater than 2 m sec, yet even nore preferably greater
than 3 nl §RFosndach Nost 0 7 JUL 1006 WO 03/ 059850 PCTI USOB¢BE6M4939
preferably greater than 4 misec. See for exanple U S. Patent Application
Serial No. 09/708,753 filed Novermber3®, 2000, which is herein I ncor por at ed
by reference. [00153] A fluidized bed regenerator nay be operated in dense,

turbul ent, preferably greatar tham4 fi/secd Serfer example Y. SrBatent Appilisation Ssrial ur bul ent node
of operati [ WA J gﬁg an upper dilute
phase, and & @é%@i@?@é‘ﬁgﬁ%%%ﬁ%r@b%@%hgﬁ‘gﬁglu‘%gr |r8|%§$ygas vel ocity of
the flui di zafféremegas is between 0.01-2 msec. The mxing of solids in the
dense zone is very good, and thus results in a fairly uniformtenperature

within the HO%SY phasBuidized Red 1egengrrteriaaydie psreted in depse AaCkous deposits
In the rege ' f A ' 2 = phase, the

i nter change&g#u%@%ﬂg? l?’e? (ﬁ%%%&%ége&e %W@%&%%?@P%{é&}gaot i ons
occurring i chardveerided by 2 lqweadensephdse nadan wppenditut¢ pimse;aad isgenémldty ease as t he

fluidization gas sses through this zane..J00154] . A fluidized bed

regener at or © 9“‘5&36"%&581”5!‘8“ ﬂalagaéi"?lg‘f?ﬁya‘fﬁt{ﬁ“gﬁ‘fla@@nﬁfébs §EWeen; ser node.
Such a nodeg@f-20R8EA ThOMitifg 61RiaFthd dBle Mheds F9P 860D BabMuPfesulsat al yst
flowing with the regeneration gas in a "riser", followed by disengagi ng of

sol i ds f r oninrafgishyeuraforro tengpesatere iwithin the densg abgsacpven Heughhthe oxidationdi | ut e phase.

Ina "riserg. de. the di.lut hase e a qujesc zone tside the
riser V\hereOf%?ér?oﬁ‘Fﬁngs %’8?&&?@?&%" go\%ﬁ Y 6t° |etlm"?a§1r%83merfiﬁ&3 cycl one
that is cl opksseabdineslchafge 6136lids i6 86t s0X¥iid, anl efifepiichitStactionar at es by
centrifugal force. [00155] Regardless of the node, the dense phase is where
t he coke buPefuréng indhecdilugnphase Wilkresdidn atempseature incrgage exide di | ut e phase forns
in the zonegs): §E] tion fromthe gas begins. [00156]
Secondary rgg‘?{%ﬁﬁﬁé&ﬁ&%&%%r |?1ﬁ?%§e dilute phase, resulting in tenperature

I ncreases a[is4]t he Aafleidige bedrpeatehitotiRay disol dperatteinsciptilagsy fldilese

t enperat ure dd'ffe_rences are reduced by the addition of a CO _oxidation netal.
bed or "riser” mode. Such a mode of operation 1s characterized by a dense phase of

catalyst flowing with the regeneration gas in a "riser", followed by disengaging of
solids from regeneration gases in a disengaging zone to form a dilute phase. Ina
"riser" mode, the dilute phase may be a quiescent zone outside the riser where
catalyst separates by gravity, or it may occur in a cyclone that is close-cogpled to
the riser exit, where catalyst separates by centrifugal force. o
[00155] Regardless of the mode, the dense phase is where the coke burning
reaction is intended to occur, and the dilute phase forms in the zone(s) where
catalyst separation from the gas begins.

[00156] Secondary reactions may occur in the dilute phase, resulting in
temperature increases above the average temperature in the dense phase. These
temperature differences are reduced by the addition of a CO oxidation metal.
[60157] The process of the present invention is continued for a period of time
sufficient to produce the desired light olefins. A steady state or semi-steady state
production of light olefins may be attained during this period of time, largely

determined by the reaction temperature, the pressure, the catalyst selected, the



[ 00157] The process of the present invention is continued for a period of
time sufficient to produce the desired light olefins. A stealy B or
sem -steady state production of light olefins nay be attained during this
period of wid 3Rsegk@r gely determi ned by the reaction tenpecrEUSNE9644 he
pressure, the catalyst selected, the U7 JUL1006 WD 03/ 059850 PCT/ USQ2/ 39644
40 amount of recircul ated spent catal 48t, the | evel of regeneration, the
wei ght hourly space velocity, the superficial velocity, and other selected
process desagountoficechotiated spenteatal R aisle tel Of yagerrationcthn wesight bourlyhoul d be

mai nt ai ned suffigient hi t0 .avoid,the need for co rcially

unaccept abl 5"%’%3@?‘3 O%F&%E?‘&V&qcf%&“d °T%°e°ff°‘6‘é’6)8°8§°y 88t e conversion is
desi red for chh@tpistigose of conpletely avoiding feed recycle, a reduction in
unwant ed by-products is observed frequently when the. conversion is about

98% or | ess[00858lce rQugeratnepnyprsiop shauldbemaintinedsutficknly bightehe feed can be
commer ci al | y, 3§ GeRkabh corﬁﬂl@%ﬁ{%lg'u%golc@n@hﬂéIegrélgﬁf?eﬁﬁ’ié&yéﬂf ) fPpledbout 98% are

desired. Conversion rates may al ne ange -- 50% to about
98% - - usi N0, duydeaste ebnversidron dedirdifdritie purposp ef emmsletely avodingary skill in

the art. Ex | es inclyde, hut are not necessarily limted to, adjusting one
or nore of %ﬁéﬁ%ﬂ%ﬁ%ﬁmﬁ%w’%ﬁl yéﬁfﬁ%‘ﬁ%ﬁ@é?%ﬁ“&? Bilier at e (wei ght
hourly SpaggyRidAGk biouR B6% Yk 198 SSHLIBEclifig B 1o/ RIrichiaY bbout 36%l0f St

recirculation rate; reactor apparatus ‘configuration; reactor configuration;
f eed conpositlieifestd caniro aormefcidllyguiaptablecemvemioatratoefitr abaypdb%iteed; anount of

recircul ated, ca yst; degree of, catal yst regeneration; and her
par anet er s \ﬂm"ﬁhg‘%?fafee "F‘ﬂﬁ@ﬁﬁ@‘@&%ﬁ%ﬂ%ﬂ%%fmﬁl_ rﬁ‘?’g@f'feéo(rséd enbodi nent
of the processoliPssss Ushigtd rﬂﬂllb%flofxﬁau&@rfﬁhmﬁf @tpe}s%ﬁs S otdinkt§ sk iR

si | i coal um nophosphate nol ecul ar sieve catalys r, conposition, the process
i s oper at ed tketarta BRp@yples inchude) tad ate mRpngeessarily dighited ta;adjysting eneeor Cor r ect ed

Normal i zed Meth l ectivity. (TCNVB) of |ess than .0 eferably | ess
than or equdl® %{}g? g’?l.(’wgége r?gﬁoé%g%aéuﬁpgssg&t%m r%&vmé?g%ngy%& which is
herein full ¥pdce ¢elbEsy AdRA ghysupaffRiabiderity); QAR retiftubilioh s, resdtopdi ment of the

processes for converting an oxygenate . o
apparatus configuration; reactor configuration; feed composition; amount of liquid

feed relative to vapor feed; amount of recirculated catalyst; degree of catalyst
regeneration; and other parameters which affect the conversion.

[00159] In one preferred embodiment of the process for converting an
oxygenate to olefin(s) using a silicoaluminophosphate molecular sieve ca:c_a!yst
composition, the process is operated at a WHSV of at least 20 hr and a i
Temperature Corrected Normalized Methane Selectivity (TCNMS) of less than
0.016, preferably less than or equal to 0.01. See for example U.S. Patent No.
5,952,538, which is herein fully incorporated by reference.

[00160] In another embodiment of the processes for converting an oxygenate
spch as methanol to one or more olefin(s) using a molecular sieve catalyst
composition, the WHSV is from 0.01 hr” to about 100 hr, at a temperature of
from about 350°C to 550°C, and silica to Me,O; (Me is a Group IIIA or VIII
element from the Periodic Table of Elements) molar ratio of from 300 to 2500.
See for example EP-0 642 485 B1, which is herein fully incorporated by reference.



such as nethanol to one or nore olefin(s) using a nol ecul ar sieve catal yst
conposition, the WHSV is from 0,01 hr"' to about 100 hr", at a 0&myeriibure
of from about 350C to 550C, and silica to Me2O3 (Me is a Goup ILIA or VIII
el ement f GRYQalR&sseri odic Table of Elements) nolar rati opofrukemess300 to
2500. See for exanple EP-0 642 485 B 1, which is herein fully incorporated
by reference. 07 JUL 2006 WO 03/ 0598581 PCT/ US02/ 39644 41 [00161] O her
processes for converting an oxygenate such as nethanol to one or nore

ol efin(s) upiobel]a mMOltieepharessss foy eonettmigyas toxyaenpte sudh asmethamoblesmei bed in PCT

WO 01/ 23500 publishe ril 5, 2007 ropane reduyction, at.an,average

cat al yst fe%‘?f@?rﬁeie%@&bli ampfecular ?18‘2{32‘? Ysbﬁqm%ﬁtleﬁafesdeﬁ‘é?béah“i ncor por at ed
by 1 ef er enser W§@1£3500 BLGREXrTS! 0! (BlopfieRUfuchar & dhShvera@IPOSI tion is
wi thdrawn from the disengaging vessel, preferably by one or nore

cycl ones( s) ¢atalyst feedstockchxpesire of at idast I @Qgwhich istherain ingemperateditiye r egener ati on
system conpr.i ses . a regenerator where the coked catal yst conposition is
cont act ed V\F{% %%y egeneration nmedium preferably a gas containing oxygen,

under gener g016HJENGhatoled rileshldriseoe cadlyst canpeitiinus eithpreatone and
residence tinme, [00163] Non-limting exanples of the regeneration nmedi um

i ncl ude onethgdisergaging yessel predasably By omor moye gyclowos(shapd intgeduceddo r | aj r
diluted wit | C LOX] . Patent No.
6. 245, 703) , DeMiEHAUER Shrome TORRAlEh Sfterd KA CR ol M. 31 1 ons
are those ctipabked cafalystaompogition ksconfaciedwiithe regrkedtiaainadiyat, conposi ti on,

preferably to_a. level |less than 0.5 wei ght percent based op the total
wei ght of ~ t FefeeabbengansrRiaing oxyper, ander STyl reecherpint SongioBHeker i ng t he

regenerat i Op SuSHE ' rebb\fe GKRS 0L fiGidl ar sieve catal yst conposition

wi thdrawn fromthe regenerator torns a regenerated nol ecul ar sieve catalyst
conposi t i on[00868]164 NohHenitiag exeupits afithd reggperaibnimedium inclutidenerange of from

about 200C to out 170 re y..from about 30QC t.o about 1000C, nore
preferably mPF‘o‘ﬁ;%éB%fEt &%@@ tﬁ@’&ﬁag{%ﬂ§&2; m&ﬁﬂdﬁﬁ?ﬁ“ﬂ PSEBIY fr om about
550C to  70Q&hor HiBaa, oRYgeRANE Vatel Y. SPRatbtR 8, £,245968)! QkbdnhfRodckiiRer at ur e

within the
and/or hydrogen. The regeneration conditions are those capabie of burning coke

from the coked catalyst composition, preferably to a level less than 0.5 weight
percent based on the total weight of the coked molecular sieve catalyst
composition entering the regeneration system. The coked molecular sieve catalyst -
composition withdrawn from the regenerator forms a regenerated molecp{l__ar sieve
catalyst composition. |
[00164] The regeneration temperature is in the range of from about 200°C to
about 1500°C, preferably from about 300°C to about 1000°C, more preferably
from about 450°C to about 750°C, and most preferably from about 550°C to
700°C. A heat exchanger may be used to control the temperature within the
regenerator to the desired range. The regeneration pressure is in the range of from
about 15 psia (103 kPaa) to about 500 psia (3448 kPaa), preferably from about 20
psia (138 kPaa) to about 250 psia (1724 kPaa), more preferably from about 25
psia (172kPaa) to about 150 psia (1034 kPaa), and most preferably from about 30
psia (207 kPaa) to about 60 psia (414 kPas).



regenerator to the desired range. The regeneration pressure is in the range
of from about 15 psia (103 kPaa) to about 500 psia (3448 kPaaﬂ) @rmﬁarably
fromabout 20 psis (138 kPaa) to about 250 psia (1724 kPaa), n?le

pref er abl yd ssamapout 25 psia (172kPaa) to about 150 psierétdssaPaa), and
nost preferably fromabout 30 psia (207 kPaa) to about 60 psia (414 kPaa).
07 JUL 2006 WO 03/059850 PCT/ US02/ 39642 42 [00165] The preferred residence
time of the nol ecul ar sieve catalyst conposition in the regenerator is in
t he range off0G168n abbiwt preferediesidéree timesef vier mblectiansieye catalyst pr ef er abl y about

one mnute to 100 . mnutes, and the preferr vol ume  of en in the gas is
in the rang§°’8$’°q“t‘wg]??0‘iﬁgenﬁlfa€?flsn’6‘l eﬁﬂg%%terﬁim’?gb%%&mg‘ug%lg‘év rcent based
on the totahoyQ| HoR pRiferhhlf aBAS ond HEHLESS 100 RGeS BRPUE PRKmedHRARRET at i on
pronoters, typically metal containing conmpounds such as platinum palladium

and the |i kef ogygen inithe gas is in the range gEfremabeut Od) lrmele pgreendito bt fect | y, for
exanple with (')[ he colt<§d gat I ist%lvgorrgoﬁs' éié)sn. Al so, i n another enbodi nent, a
fresh nol ecﬁ?e\?p%rfeélv ¢ f’%ﬁ‘)‘?? CO% LY 8N i s added to the regener at or

cont ai ni ng JOGISEENET Rl dne BmbBdlinkfi, figenepativt@oradters)@pieillydetdescri bed in U S

Patent No. 6,245,703, which is herein fully incorporated by reference.
[00167] Met &PRiainingragmpepndsisuchasplatinum; palladiupondrthys likes gregddsdgodhs dati on of

car bon nonoxj n. 4l axi ftgr]%% . £ tion conditions are
descri bed |§é%ﬁgg8bgﬁé&l&b%rqh%@§ 0 aﬁ%ﬁﬁ@:&gkﬁgg o"Schwartz, the entire
contents of cempbsitiai. NAlss, € aiotieer ainboditentca freymolef\daraivve catilysth netal s are

oxi dation pronoters, selected fromthe group consisting Qf platinum

pal | adi um PMEP3iten is gddad ipthereasasrateor c?fgWE?lﬁ?ﬁen?rﬁ'é?ﬂ‘H g conbi nat i on

t hereof. Th | byl Id S, ; om about
0.01 ppm to%a %%%%%t%%% y e\t}e"?gh%@gtf? at'i%%%gpg’?r&oltuglﬁ(,&rﬂ&te&éﬂly f rom about
0. 01 ppm t o indooparat&dbpreferénee. wei ght, preferably from about 0.01 ppmto about

5 m by wei ght 00168] Sinmlarl U S. Patent No..4,151,.112 to G adrow et
al pp i n>c/or pdﬁ‘g't‘sgh[ h@%%ﬁ@ Wﬁ%&éﬁ&&{wﬂﬁ@eﬁrﬂ’&m&“‘rﬁ/wf&%ﬁ?BBn conver si on
cat al yst forcai%ﬁmhbﬁfae {d@rbof Hickidel |ReUataBAT ROEneMHAR ¥bitRLIH afAl Don di oxi de

during regeneration of the catalyst by the burning of coke therefrom

G adrow et alescribed in B.SePata¥es. 4,082,600 and 4,350,614 to Schwartz, the entire

contents of each being incorporated herein by reference. Such metals are oxidation

promoters selected from the group consisting of platinum, palladium, iridium,
osmium, rhodium, ruthenium, rhenium, and combination thereof. The catalyst
composition may comprise, for example, from about 0.01 ppm to about 1 QO ppm
by weight oxidation promoter, usually from about 0.01 ppm to about 50 ppm by
weight, preferably from about 0.01 ppm to about 5 ppm by weight.

[00168] Similarly, U.S. Patent No. 4,151,112 to Gladrow et al., incorporated
herein by reference, describes a hydrocarbon conversion catalyst for promoting the
oxidation of carbon monoxide to carbon dioxide during regeneration of the
catalyst by the burning of coke therefrom. Gladrow et al. disclose metals or
compounds thereof which promotes the combustion of CO te CO, under
conditions which are employed to regenerate the spent catalyst by burning the
coke deposited thereon in the presence of oxygen. Accordingly, the catalyst will
contain one or more metals (or compounds thereof) selected from Periods 5 and 6
of Group VIII of the Periodic Table (Handbook of Chemistry and Physics, 38th



conpounds thereof which pronpotes the conbustion of COto CO2 under

condi tions which are enployed to regenerate the spent catal yst UByJ%thnWi ng
the coke deposited thereon in the presence of oxygen. Accordingly, the
catal yst \ddsnses@ft ai n one or nore netals (or conpounds pboewsefpssael ected
fromPeriods 5 and 6 of Goup VIII of the Periodic Table (Handbook of

Chemi stry and Physics, 38th 0 7 JUL 2886 WO 03/ 059850 PCTI US02/ 39644 43 Ed.,
1957), rhenium chrom um and manganese or their conpounds. Specific

exanpl es of EdytysMahedism| cirbmiben gpdahangamse pathkiadompourdheSpecific i ri di um

rut henium rhodium,. ogm um .manganese, etc.. The aforedescribed netals may
al so be preSANPlsPLsHch 1y i‘ﬁ‘ﬂgé’?%@nﬁéléﬂmﬂk#&@}%dp Pe, or other. Such
metals or  cARRAHAdRodLR, SRRERPATSRANeYett. The hffrBlesiBe@Xictiad @y Metal " used
to describe the present invention and are thus suited to use in the present
i nvention. pBOb&HIesamyin theppidized stete of Aeoxide suliide, onwther. Sawh me®dB arxi dat i on
netal ," "CO__conmbustion pronpter'. and . oxi dation.pronpter are consi dered
equi val ent C?IEPWH%?{E °8?¥5‘2R?ﬁ%?93’3f§2§ orébn@ xida l%l}mgtﬁh/uﬁg%r%@c tal. [00170)
The CO oxi date paésefiEhvdnti6R Bnd e &ld eltell@o tidedn @itd rbeest inv&gdnt 0 ef f ect
conversi on of o;l_ygenat es to olefins in several ways. In one aspect of the

i

i nvention 8163 datfiospurpesesiof the pxsertdnvention. e 60 gridagiopmetdla {60y st by

i ntroduci ng j . al vt r - ' of the
process a s%’gfr’%fléﬁlggpfo?écrl géc%%?gﬁéﬁonﬁ?ﬁgtggé}égﬁ#%&ﬁ?%s uP’giv?}#ch contacts

t he cat al ysterfly tndéhcbinpagaicompbimded meaha&idiorfreagneadl. | east a portion of the CO
oxi dation netal thereto. [00171] Such a secioarate particle can conprise an

i norgani ¢ p&BdY oxi Hhe ¢ exidaten metalrgn ke pdded to the gatalystussd tagffect eadi | v
avail able p SRRk : ] | b L& @as m a,
magnesi a, z?érg}gr:\sf a, tl&#éér?lﬁ tg?%tcﬂeeﬁ#i@%#@émngaﬁ 9? %ﬂregagpet%lrt\é#%gpvg%ese
mat eri al s mM&0 alidaion medtal deadded indireatiyrie thefcatahyat byaintrodicingeinto tkemown cl ays  such
as nontnorillonite, kaolin, hal 'Iyio Si %’g bentonite, attapulgite, and the
like. Pref SHANPyIVRHEY Ptrﬂﬁ'ﬁ’_d“é’ttﬁb %J(’ﬂt g‘_‘*d}??‘i?%s dicprratsd or more of the
convent i onalontSinink TR HEd¥ &l rﬁéthl%i&%ﬁbﬂ'tﬁ@ca%lf@ﬂ&“mﬁﬁ@ﬁf&e@f silica and a
m nor anmount of an oxide of at |east one netal in Goups II-A 11l-A and
| V- B of t he tiResférong et 1Fasbh portippightiils 66koxddatich emital theyetend Physics, 38th Ed.,

i d.i ca-jmagnesi a,

1957). Repr tiv, terials .i.nclude silica-alumna, s
ottt i Ve TRANPC FuclR sfmardte Bargpif far Sorisg, p BofaHiE pbRous Bade G

as a and will include any of the readily available porous materials such as alumina,

boria, silica, chromia, magnesia, zirconia, titania, the like, and mixtures thereof,
These materials may also include one or more of the various well known clays
such as montmorillonite, kaolin, halloysite, bentonite, attapulgite, and the. iike.
Preferably, the inorganic porous oxide will be one or more of the conventional
siliceous varieties containing a major amount of silica and a minor amount of an
oxide of at least one metal in Groups II-A, III-A and I'V-B of the Periodic Table
(Handbook of Chemisiry and Physics, 38th Ed., 1957). Representative materials
include silica-alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-titania,
silica-alumina-zirconia, magnesia, etc. The most preferred inorganic porous oxide
used as a support for the CO oxidation promoter is alumina. The most preferred
inorganic porous oxide matrix material is silica-alumina. As is generally known,
these materials are typically prepared from silica hydrogel or hydrosol, which is

mixed with alumina to secure the desired silica-alumina composition. The alumina



silica-alum na-zirconia, nmagnesia, etc. The nost preferred inorgani c porous
oxi de wused as a support for the CO oxidation pronoter is al mgﬁ]n ‘Epe nost
preferred inorganic porous oxide matrix material is silica- A As i s
general | yw'&'ba)ﬁ%rs these materials are typically preparededT/osB9d4s ca

hydr ogel or rosol, which is mxed with alumna to secure the desired
silica-al um na corrposi tion. The al um f# WO 03/ 059850 44 07 JUL 2006

PCT/ US02/ 39644 content will typically range fromabout 5 to 40 wt. %w th

t he pref err egntetosiflagpitallyraigefiony about &kadl wa %6 with el preferradbout 10 to 35 wt.

% Various procedures_are described | t he t raty f.or maki ng
si | i ca- al uniSFEPostiop h av@@n"g&f’m I?B%tm? l‘éﬁg’:’; Z&@EO%SB [001721

Preferably, fbhRdee a%iertibedin RS Berdnse ﬁﬂ‘ﬁ%ﬁg@ﬂicﬁ%hﬁﬁf&@' e@gtuRapdii cl e
itself. Even nore preferably, the CO oxidation netal is added to the

cat al yst pﬁ@ﬂ&%%%@é’rﬁ‘&iﬂéy as to maxim ze CO oxidation netal

metal deposi DPFRT on PieRr-4Re bl aodiiy ineES sl o R Al hifae T TGV, B

utilizing a 1£§QfCB@edﬁidr@ efoiEtlA the OOtoridatisiometalni added tb&he dagalyat di amet er | ar ger
than the pore openin the catalyst particle surface. [001731 The CO
oxi dati on neRagiclq ig sp W%%@Wécﬁ@“@é‘ ameta depositioploa thsy  cat al yst

Prof orapl y, TRDSCR A0 HE el by EO TR SN ek BB o O ot e

particle wihferier god stirfaces. The hutterasup be achieved by atilizing® CO efiddtioa af or enent i oned

nmetals in an nmount _suffi ci en t,o I’OVI de, t he desired concentration. For
exanpl e, an et taining,¢qmpoypd @awwa%ﬁef@é@@emwnm%#em atinic
acid may be & W ed porous i norgani ¢ oxi de support, to produce a
slurry which nay ereafter be filtered, dried, calcined, and/or

pre-reduced tﬁﬂl'}S] hy dTbgEQ mdaubinmetaﬂ;mm@kpoeatedmm“@ae@epm‘scleagani c
sol ubl e conpo of. tFe CO oxi dation neta r exanpl e

ed. F
pl ati num acée %ﬁ&’%ﬂa ¥ kngsyn teehaiques sugh aﬁe‘nﬁfgﬁ%’t’f’ﬁﬁm YarPPF gs oCO

oxi dati on ”@ﬁferab@uﬂﬁ@)ﬁﬁmmﬁethﬁs ﬁ%%éb#hﬂ%@ﬁdﬁbn bf‘ﬁi%’ﬁﬁﬁl'ﬂle as it is
| ar ge enough . to be excluded from nmany nol ecu sieve pores. The resulting

support ed COvigki sdationrpfigreompoend ofiope bemw|0£ ﬂwe@orﬁmeetwgd detabsdnaint h

amount sufficient to provide the desired concentration. For example, an aqueous
solution of palladium nitrate and/or chloroplatinic acid may be contacted with a
porous inorganic oxide support, to produce a slurry which may thereafter be
filtered, dried, calcined, and/or pre-reduced with hydrogen or other suite.l%le
reducing agents. Organic soluble compounds of the CO oxidation meté.l reay also
be used. For example platinum acetylacetonate, Pt(AcAc), can be used for
introducing CO oxidation metal. Such a compound is especially useful inasmuch
as it is large enough to be excluded from many molecular sieve pores. The
resulting supported CO oxidation promoter may be calcined in accordance with
procedures known to those skilled in the art.

[00174] The CO oxidation metal is generally present in an amount eo greater
than 5% based on total catalyst weight, e.g., an amount no greater than 1% based
on total catalyst weight, say, in an amount no greater than 5000 ppm based on
total catalyst weight, an amount no greater than 500 ppm based on total catalyst

weight, or even an amount no greater than 100 ppm based on total catalyst weight.



procedures known to those skilled in the art. [001741 The CO oxi dation netal
I's generally present in an anount no greater than 5% based Orﬂtfmakﬂ

catal yst weight, e.g., an anount no greater than 1% based ont'o g@:\t al yst
wei ght, sy odidlegdp amount no greater than 5000 ppm basedpemustatosds cat al yst
wei ght, an anount no greater than 500 ppm based on total catalyst weight,
or even an anount no greater than 1004%m based on total catalyst weight. 0O
7 JUL 2006 WO 03/059850 PCT/ USQ2/ 39644 45 [00175] In an enbodi ment where

t he CO oxi ddB01m5] net ki ani emnt@dinient phifs thnEOakidadorgmetaliamdstpumVBt he cat al yst

contains at |east 5000 wpp e.g., 5000 t 00 wppm , 10000 to 50000
wppm CO oxi dﬁ?ti?loﬁg'm‘é?n&fh. ’%W@B’Wtw %%ﬂ%ﬁﬁ%ﬁ@m’p@f gghé&g%@sent i nventi on
wherei n the (@ohor¥hslatsaPnodBs /50060 Rpphi (W BkidtdaindsMm i S present in an

amount ranging from0.1 to 10000 tptﬁm based on total cat alést wei ght, e.g.,
t he CO oxi dd0915¢] met Bor ansophodisaant of the presend inyemtionvhegginthefGOm 1 t o 5000 ppm

based on total, catalyst i ght .. [.O0177] | n .an odi_nment rtion of the
coked nol ecuﬂxéc}aﬁg?g\?éfgmph%%%bﬁrﬁe m??%%?’t“ﬂ@%‘b%%%f@ﬁot? is returned
directly to 10080 pff baded BB t@al'data®st weighG .21, (t%)CO exidatiuh measl ik ﬁreséﬁf

pre-contacting wth the feedstock, or contacting wth fresh nolecul ar sieve
catal yst corip@pmpws rangingdfsem Ade S0P o based preigiah satalytaveighsl ecul ar si eve

catal yst co juk | ON¢ O e e S at al yst
conpositi onr@g?gﬁi beI %‘e%b\%/a%%gf #gi &#ngeﬁ%eu%rlf?ar)légg lg{) 1%%?&8481 r?Fexot herm c
reaction, an@mpbdsition fromhkciepRidtatortil etiraaddireatlyitocthe\bidvrinérbeis¢regener at i on
systemis controlled_ b various techniques in the art incJuding feeding a

cool ed gas tHEAYME)8ElHErtht bY Prepeaniasting Wik fhedferdsioplt 198 portacting pthc h,
cont| huous, ish SEMCuGPREUBIR: BRfifositdh, & cofi@isNA PRENEEPT - A PI f erred

t echni que invg ves Wt hdraw g the regeherate ar sieve catal yst
conposi ti on tholecnldrisieve egetpsicampositicyetamookd degoaaated molduelar siegener at ed

ol eoular o e A Lk OMRREl e | oudh 2 catalyst conler (har form a
cooler, in apoe/Epodi MROburning oRcHRAb afSGiRAARredcS, ahdid AL at ed ei ther
internal or extéernal to the regeneration system
embodiment, the temperature within the regeneration system is controlled by
various techniques in the art including feeding a cooled gas to the regenerator
vessel, operated either in a batch, continuous, or semi-continuous mode, or a
combination thereof. A preferred technique involves withdrawing the regenerated
molecular sieve catalyst composition from the regeneration system and 'p,\aigsing the
régenerated molecular sieve catalyst composition through a catalyst coolel: that
forms a cooled regenerated molecular sieve catalyst composition. The catalyst
cooler, in an embodiment, is a heat exchanger that is located either internal or
external to the regeneration system.
[00179] In one embodiment, the cooler regenerated molecular sieve catalyst
composition is returned to the regenerator in a continuous cycle, alternatively, (see
U.S. Patent Application Serial No. 09/587,766 filed June 6, 2000) a portion of the
cooled regenerated molecular sieve catalyst composition is returned to the
regenerator vessel in a continuous cycle, and another portion of the cooled

molecular sieve regenerated molecular sieve catalyst composition is returned to

the riser reactor(s), directly or indirectly, or a portion of the regenerated molecular



[00179] In one enbodi ment, the cool er regenerated nol ecul ar sieve catal yst
conposition is returned to the regenerator in a continuous cycl e,
alternatively, (see U S. Patent Application Serial No. 09/587, éaULiZlisd
June 6, 2QRPisnReg@rtion of the cooled regenerated nol eceCpuseidsse cat al yst
conposition is returned to the regenerator vessel in a continuous cycle,
and anot her portion of the cooled no#ecul ar sieve regenerated nol ecul ar
sieve catal yst conposition is returned to the riser reactor(s), directly or
i ndi rect |y, sieve catapyat ¢ontposition bheooleiyegrmemteddnoteduta siene catdy93/ 059850 46 0 7

JUL 2006 PCT/USQ2/ 39644 si e cat a t cQnmposition ar ¢ egener at ed
mol ecul ar sYERROSEGR L ?’?f“teh i Tlfr?%%%i@ﬁﬁ‘gﬁiﬁﬁéfégﬂs Gﬁwtzﬁé‘g%éugt s within
the gaseouso®idiogpablishBEAuyks: 202060/ AhicRuRd distesin AlBURdorgdtatedBP0) , Which are

all herein fully incorporated by reference. In another enbodinent, a
r egener at edrefasénseursanotiice srobedimenty s regenemipboplertar sieyacatalyeld wi th an al cohol ,

preferably ethanol. | -pr ol - but ang [ hereof . IS

i nt roduced P@R%%OP&%?%?&Q%%%Q@Z Pa%élréb%y ggﬁn&hf'&#@%&(&aﬁéﬁ?mlmpl i cation
Serial No. §S9hik&ibe théreof,iié Rtrofelad UAthY rehbtor R, anidstlibedsn NES. Patent Ul | Y

i ncorporated by reference. 5&00180] QO her nethods far operati nﬁﬁa

regener at i of\pelicgtiemSeriabNon0Y7&s123 e Fabruary b, 120R1. which is hergim fglls (control 1i ng

noi sture), W&ﬁ&%@%ﬁgﬁe c‘{ ully incorporated by reference. [00181]

Desirably, era catal'yst, conprising nolecular sieve and any ot her
mat eri al s s[0§b8%s biOtharsesthddslforarpsrating & regegdrationsgstem @mcihidiselosal 1 ds,
recirculated to recontact the feed is.fromabouyt 1 t bout 100 tines, nore

desirably fHomPalspdie: 641470946 Asoptiplling moistiwe), Wl kereinddls) r abl y from about 10

to about 504k} ﬁtedtbt}‘? fe&h@é_ feed rate of oxygenates to the reactor.
Desirably, a portion o? the catal yst, conprising nolecular sieve and any

ot her mat er [0dil81]s uc Deamalily,rtbenate, of catalysty somimristng molscularaiewe eatl 4dmyom t he react or
for regeneration and recircul ati back to the react at.a. rate of from
Bbout 0.1t PGBk o8 bge e B e Pl BT TR b HsbaabT2 o about 5
times, and gnsiodieite Makits hoAMARAUb afbuf 10GTRBUorSadkirlp fofie total feed
rate of oxygenates to the reactor. One skilled in the art wll appreciate

that the nabout ttotabout 8dimessandamost Hesirably frooprhout Hi todbowttSh times cat al yst in

the manner the total feed rate of oxygenates to the reactor. Desirably, a portion of the catalyst,

comprising molecular sieve and any other materials such as binders, fillers, etc., is
removed from the reactor for regeneration and recirculation back to the reactor at a
rate of from about 0.1 times to about 10 times, more desirably from about 0.2to
about 5 times, and most desirably from about 0.3 to about 3 times the total.feed
rate of oxygenates to the reactor. One skilled in the art will appreciate that the
non-reactive solids may also be regenerated with the catalyst in the manner
described above.

[00182] A preferred embodiment of a reactor system for the present invention
is a circulating fluid bed reactor with continuous regeneration, similar to a modem
fluid catalytic cracker. Fixed beds are not practical for the process because
oxygenate to olefin conversion is a highly exothermic process which requires
several stages with intercoolers or other cooling devices. The reaction also results

in a high pressure drop due to the production of low pressure, low density gas.



descri bed above. [00182] A preferred enbodi ment of a reactor %js’nmfuiuﬁtr t he
present invention is a circulating fluid bed reactor with con

regeneration, simlar to a nodem fluid catalytic cracker. Fixed beds are
not pract iwgdskéso t he process because oxygenate to ol ef i pCToBe2E9si4ON IS a

hi ghly exotherm c process which requires several stages with intercoolers
or other cooling devices. The reactio#’ also results in a high pressure drop
due to the production of |ow pressure, |low density gas. 0 7 JUL 2006 WO

03/ 059850 P(lemOZ/ mﬁﬂte&qaﬁmmpﬂ@emwawﬁ&ewﬂyyb@remtglt be regener at ed

frequently, react or uld all ow val of p ti n of the
catalyst to l}f eaéIQWeWE?PI %?JF@"F}?& Ofﬁ'itcéﬁa{?? to asre%%ago&\g @1

regenerati oeamgﬂ ligilbjeBle@ k4 ARbikraion AfedAMDEferlably a ga¥ y@Bprsinst pref er abl y
air, to burn f coke fromthe catal yst, which restores the catalyst

activity. ThReysorenst prsfasatly aidapuimafinoke fgmthe satglsst: Which psiosesdhe,. and
d t k
oot dence ¢ LByl i, TRAERNSACEr SR oRBh SR RCINEY® 2 coke |

ess t
t han about Ebsﬂeﬂde tindé inAtie ﬂega&tatca- should boselateditb achieganekatedent ah al yst shoul d

be returned to the reactor 00184] It _is i r{an fo the reactor to be
desi gned sutsgeqeraied %ﬁtﬁl@tﬁﬂ“'\’i%‘l[“‘ﬁ“ ltfﬂ L%%%P@&'ggﬁé% 'é‘?ﬂ(@ 58 mai ntained in
the react or o; 3 ARG @Fheogbeiied AR shbufd BbretimeRiFfietaloy, 1n the range

of from abolt 0 w % “nost pref y 1n the range of from
about 2 wt {e0d84]abodt is 2@povtanifor ke rcmm@h@d@rgned such thmt ghelutiefyci ty f 1 ui di zed
bed reactor oneti nes rred t a,riser reactor t hen a portion of
Che catal ysHEBRTETEReThar £ ToPepRuteA b e St R EGEHAG™ o {he  react or
inlet. Thlsalboitﬂlsfvtt@,!,qﬁ&fmfab@rihﬂaetrx&geqmoﬂémm%twab&n@oaﬁlwr (FCC) riser

reactor, where all or nost of the catalyst exiting the top of the reactor is
sent to themostngefnr@bbztmﬂlemqf@pma:bomﬂwb?{nddab‘attaﬂw%dfﬂlemab@rto t he

reactor, wthaqut e t he c ked.cat a t al l ows _t he average coke
eoc Ol Uhis Wik verH R B e 11 REBRUBRL BretBt o Bl Bl ST o
the.ratio othehB@oftioR\f e dalalysCaditath the R iired2fr WRRNbE RAIAAISRRr at or and the
reactor, a preferred | evel of coking, or 'desi rabl e car bonaceous dep05|ts

can be mai nf&ftaeinlet. [Ti@%sl}ffqmntffq?@ Ef‘IYHIiCéilFﬂ‘éd Gatalyticdzracksr (HCC)diset gned with | ow
gas vel ocit i'e%étmt- l&ﬂltﬁ‘gnfcf} @ngé‘é&ﬁ%}st kR HENG) HIRS rdBYr RSed 381 O TELUIN

catal yst fines
regenerator. The return of coked catalyst directly to the reactor, without

regenerating the coked catalyst, allows the average coke level in the reactor to
build up to a preferred level. By adjusting the ratio of the flow of the coked
catalyst between the regenerator and the reactor, a preferred level of cokmg, or
"desirable carbonaceous deposits," can be maintained.

[00185] If the fluidized bed reactor is designed with low gas velocities, below
ab;)ut 2 m/sec, then cyclones may be used to return catalyst fines to the fluidized
bed reaction zone. Such reactors generally have high recirculation rates of solids
within the fluidized bed, which allows the coke level on the catalyst to build to a
preferred level.

[00186] In order to determine the level of coke in the reactor and in the
regenerator, small samples of catalyst periodically may be withdrawn from
various points in the recirculating system for measurement of carbon content. The

reaction parameters may be adjusted accordingly.



bed reaction zone. Such reactors generally have high recircul abi 0 rﬁﬁﬁes of
solids wthin the fluidized bed, which allows the coke |evel r? e
catalyst to build to a preferred |level. [00186] In order to determ ne the
level of GRKBwkdas¢ he reactor and in the regenerator, snett/usespdies of
catal yst periodically may be withdrawn from various points in the

recircul ati ng system for measurenment %8 carbon content. The reaction
paranmeters nmay be adjusted accordingly. 07 JUL 2996 WO 03/ 059850

PCT/ US02/ 394878 [ (b 8égendrhied nmjreniar sitextatalyse carhpositbnevithdewtmal y st

conposition.wthdrawm fromthe r ati.on syste preferably fromthe
catal yst cofP®r ,eﬁeg"’l‘?mf‘ﬁwm’vﬂr?iﬁggi}f QL Hee ﬁajé'&ﬁog]'er’slf 8%{;18%4 al yst
conposi t i oNyARY/MREL MBlebhlaldibvlcamlyIPipdkitibn asd/GMe-chrdhlaled Mol&AEPOSi tion
and/ or feedstock and/or fresh gas or l'iquids, and returned to the riser

react or (s) . sieve catalitsheampashiiodiand/or feedstack andfeneeshisasiondquids rad  si eve cat al yst

conposition_w thdrawn.from.t regenerat | en. i turned.to the riser
react or (s) EF:{M%%%P ,erbsﬁf fegﬁtgfrtg)y I%g?ogﬁer%gn'g g‘lﬁ}ﬁ%x\? h}eé?é)e%‘e{aa%gé?‘g??&r cooler. In
one enbodi NEBYe catal@bEdrhssitionWwathdeswolforh fRirégefSationd @86k BGéumedey , St eam or
the like, sem-continuqusly or_continhuous]y, facilitates the _introduction

of the regetheriseragactons) dientlyy ontionslly afier passieg tuppghoasaialyyt codden dB react or
system pre . t 'SﬁEdsrt ( I n one
enbodi nent, Bﬁ@%&gﬁ%&m evégssuggasc%ﬁé&%%&f e rr‘gc?( g;gg(;;rér&zmsl F’g@%%g%ﬁ al yst
conposi t i onsénti-dohenuoasig or continemesly, facitirated the itdbgtion@f theakganagtedne 1 ow of

t he regenerat edujggl_ecul ar sieve cat al%gt Co ositi%g og cog]lged regener at ed
mol ecul ar s PlRsulansigyeratalysheRsRRasitiop i the SrarieRsY steay FFEFTablY dhthe w8 em to  t he
reactor syspemhreHier 8addifs)Many techniques for controlling the flow of a

nol ecul ar si eve catal yst gorrposi tion described in Mchael Louge,

Exper i ment af00188ic hnilyoesemBidimentathe optifrim lelelefdoBe dis the@nalem]ar Avi dan and
Know t on, eds., | ackie,.1997 .(336-.337), .which.i g, herein.incorporated by
ref er ence. WY%CQ”EYS?F%?@SP@&_‘?H‘ MH%Z%'BWP@P?@B&&( r?8Pt5‘%h”651ﬁ‘ﬁode_. n

anot her enb@eiyge e regeiratcdRidiEBulBr kRVELatM st 66tifosRidnldd BodtBd ecul ar si eve

catal yst conposition in the reaction zone is nmaintained by controlling the
flow rate ofegensatedkyglenulansievsicatalyigt epanpositiomfrom the regeneration system to

the reactor system. There are many techniques for controlling the flow of a

molecular sieve catalyst composition described in Michael Louge, Experimental
Techniques, Circulating Fluidized Beds, Grace, Avidan and Knowlton, eds.,
Blackie, 1997 (336-337), which is herein incorporated by reference. This:_is
referred to as the complete regeneration mode. In another embodiment, thf;
optimum level of coke on the molecular sieve catalyst composition in the reaction
zone is maintained by controlling the flow rate of the oxygen-containing gas flow
to the regenerator. This is referred to as the partial regeneration mode.

[00189] Coke levels on the molecular sieve catalyst composition is measured
by withdrawing from the conversion process the molecular sieve catalyst
composition at a point in the process and determining its carbon content. Typical
levels of coke on the molecular sieve catalyst composition, after regeneration is in
the range of from 0.01 weight percent to about 15 weight iJercent, preferably from
about 0.1 weight percent to about 10 weight percent, more preferably from about

0.2 weight percent to about 5 weight percent, and most preferably from about 0.3



to the regenerator. This is referred to as the partial regeneé)ﬁt bngémde.
[ 00189] Coke |l evels on the nol ecul ar sieve catal yst conpositi J asured
by wi thdrawi ng fromthe conversion process the nol ecul ar sieve catal yst
conposi ti Qg @losesswoi Nt in the process and determ ning itecrasémasaont ent .
Typical levels of coke on the nol ecul ar sieve catal yst conposition, after
regeneration is in the range of fronf®. 01 weight percent to about 15 wei ght
percent, preferably from about 0.1 weight percent to about 10 wei ght
percent, noweight Eienttol apodtr2owsightquetcenithaged s thhtotgdaveightof the about 5 wei ght
percent, and t preferab rqm about..0.3.b7. JUL 20 03/ 059850

PCT/ US02/ 39%’2%@@’%&?‘*&?{’“ L%%MWG@B%@F“F%%E‘FV%%%@% t based on the
total wei ghtoRfosititd. nol ecul ar sieve and not the total weight of the

nol ecul ar sieve catal yst conposition. %0190] I n, one preferred enbodi nent,
t he nol ecul H0189]eve Ip anepiperred embpdinient Bis malequins siceaeatdlBft zone contains in

the range of f . Wola] fromabout 2 to
30 wei ght pé?%éo%mo?i%ﬁ{gr%arcé réféaelcy &?’?%nmﬂgg%ggggﬁ%eaé%ﬁlﬁb§8 wei ght percent,
and nost pr ekighegdryent, posferablg dilonPalont 2 alBdwveight perdent, morecgefeabhceous deposi t
based on the total weight of the m xture of | ecul.ar sieve catal yst
conposi t | ong'.om@@@mf?otp agR‘& I"é’”{i}t B?m?&t@ﬁﬂn%&fg?eﬁamg?@@g?“WPch is herein
fully | ncor o ¢Eor LEbRIRBGS debdsitlois LRI oRE deighPbt ml hitBlgCUl ar i eve

catal yst conmposition int reaction zone is nmade Uup of a mxture of
r egener at ed noidcalay sitveanathlysttampositionh sfeefarexamplgith§. PaetNo. of car bonaceous

deposits. T ured | evel car bon ous,. deposits thus epresents an
average of Eﬁ@%@ffé“fh&c ﬁﬁfrﬁﬁiﬂ%wm€§%§ﬁ*}'§?&ﬁ§% islbsé.eco_[gﬁ’(ﬁ‘bﬁ‘prhe gaseous
ef fluent i speishdlebudamiielé SmIyA omtpsRians itrestioh 96MeAl thadé p BAwsed through a
recovery system There are many well known recoveré’vr systens, techni ques and

sequences t kdxturgrod regendratied catalysind sathlyst that bas ragging keivels opuri fyi ng ol ef i n(s)

fromthe gasepus effluent. Recover t I .conpri se one or nore
or a conbi ng?rﬁ%lﬁc%qusge gp‘?'o elg%aﬁ'é%gﬁ(@n?% E%bgﬁl?%lﬁé#ﬁ%sﬁt Y8Rd/ or distillation
towers, col wipasentsBh bickapef thellevelsainlindividad chtalyst Ritedens such as

et hyl benzene manufacture (U. S. Patent No. 5,476,978) and ot her derivative

processes si9s alThergpepous effluens pewithdigve fpm thedisereaging Fstqma®  Pat ent  No.

is passed through a recovery system. There are many well known recovery

systems, techniques and sequences that are useful in separating olefin(s) and
purifying olefin(s) from the gaseous effluent. Recovery systems generally
comprise one or more or a combination of a various separation, ﬁ'actioqagqn
and/or distillation towers, columns, splitters, or trains, reaction systems suc‘:h as
ethylbenzene manufacture (U.S. Patent No. 5,476,978) and other derivative
processes such as aldehydes, ketones and ester manufacture (U.S. Patent No.
5,675,041), and other associated equipment for example various condensers, heat
exchangers, refrigeration systems or chill trains, compressors, knock-out drums or
pots, pumps, and the like. \

[00192] Non-limiting examples of these towers, columns, splitters or trains
used alone or in combination include one or more of a demethanizer, preferably a

high temperature demethanizer, a dethanizer, a depropanizer, preferably a wet

depropanizer, a wash tower often referred to as a caustic wash tower and/or



5,675,041), and other associ ated equi pnent for exanple various condensers,
heat exchangers, refrigeration systens or chill trains, conpressors,
knock-out drums or pots, punps, and the |ike. [00192] Non- I|n1ﬁ7d@lﬂmenples
of these GAYEiRessgOl UMs, splitters or trains used al onpcpiysezses@bi nation
I ncl ude one or nDre of a denet hani zer, preferably a high tenperature

denet hani zer, a dethani zer, a depropaEDzer, preferably a wet depropanizer,
a wash tower often referred to as a caustic wash tower and/or WO 03/ 059850

50 0 7 JUL 4&Ka6h tdvhet/ ddS5HBEr3 Hdotb ety ahdibritbsRethy e O PSilister, leBer s,
menbr anes, gt hyl Eene (C2) sp litter, C{) E:Kl eney%% js?f)ijllltrtgfrﬂﬁ!)?l:?utene (4)

splitter, a(ﬁﬁ)tsn]é“qnwne[(@élwﬂel\/m ‘Pecovery systens useful for

recovering na\thaer sre%? 7%( ﬁ??éahyeéﬂrg?%bﬁénﬂlght ol efin(s)

such as eth en . propy ene a ene are U.S. Patent No.

5, 960, 643 (Bhﬁﬁ@ﬂﬁefembl?brmmIhghiﬁ)lefiﬁ(f)&&dfﬁas eﬂly&neﬂﬁbpjﬂénel\dnafor5 019, 143,
5,452,581 and 5, 082, 489@{ menbr a separ atlons) Patent 5,672,197
(pressure o BEREIER es&ﬂ )gé},@sljateny 9. 5. P et Se"RBda“'lfi1”‘8‘@3‘?5112]8%‘3(hydrogen

removal), %%wﬁa@%ni»atmrqgi 581y %Os%fgm{desgosgzr@ﬁgag%f&e hydrogen and

carbon di oxi de h one ste S, “Pat ent ecover ed net hanol
t o gas t ur bseparations)y Ul Halbr)tsmd%(ﬁessﬁh:tcbpendbiuadfmﬁﬁﬁs,)mAs Pdtelitr ect product

uench), U S 6,121,5 [ f| ns w { hout
guperf%ectl agsé?rgss g§@°$@cm 8},#?,@1@8 9’%35 (H"r"%‘éeé e sw ng
adsor ption) med%blccﬁhg&% élzl.nd*lﬁfb‘éh Biokte iy one e NOK2P S0t N6, 590 ¢peNce. [001941

CGeneral | y acconpanyi recovery systens (s the production, gener ation
or accunul a(rearvered mmlhhnbl tmrpk tupsinelpoves pldny); gddd8cPaerdiNd. 6,121,600t am nant s

along with t referred ' rodycts. T referre rir products, the
light ol efi fecgmeﬁ“%suﬁé’ﬁﬁ)ypgié’o ﬁ&a‘bﬁgﬁl g@ﬁéﬁggf"éﬂwgﬁﬁgéwr{g"%un fied for
use in deri ¥@ﬁe&ﬁ‘&ﬂ8§£i&5ﬁ%&'fﬂ§‘@a@ﬁm@%%§ 998 fleRireRAANEHRIEIHASA)ON Processes.

Therefore, In the nost preferred enbodi ment of the recovery system t he
recovery sydicharadlbhereinduldipsorporpted by referenasn system  For exarrpl e, the light

HEICIN TR A TR R S AN T,
generation or accumulation of additional products, by-products and/or
contaminants along with the preferred prime products. The preferred prime
products, the light olefins, such as ethylene and propylene, are typically purified
for use in derivative manufacturing processes such as polymerization processes.
Therefore, in the most preferred embodiment of the recovery system, the Iecovery
system also includes a purification system. For example, the light oieﬁn(si
produced particularly in a MTO process are passed through a purification system
that removes low levels of by-products or contaminants.
[08195] Non-limiting exaraples of contaminants and by-products include
generally polar compounds such as water, alcohols, carboxylic acids, ethers,
carbon oxides, sulfur compounds such as hydrogen sulfide, carbonyl sulfides and
mercaptans, ammonia and other hitrogen compounds, arsine, phosphine and
chlorides. Other contaminants or by-products include hydrogen and hydrocarbons
such as acetylene, methy! acetylene, propadiene, butadiene and butyne. '
[00196] Other recovery systems that include purification systems, for
example for the purification of olefin(s), are described in Kirk-Othmer



[ 00195] Non-limting exanples of contam nants and by-products include
general |y pol ar compounds such as water, alcohols, carboxylic aditgyL &hers,
carbon oxi des, sul fur conpounds such as hydrogen sul fide, carbonyl sulfides
and ner c%%t gﬁg%s@mmni a and ot her nitrogen conpounds, ap&i/oSi2amaesphi ne and
chl ori des"oFN&r tont ani nant's or by- products include hydrogen and

hydr ocarbons such as acetyl ene, neth§l acetyl ene, propadi ene, butadi ene and
butyne. [001961 Ot her recovery systens that include purification systens,

for exanpl Bndyeloptdig oPChérhicalaltechivlaly, 4th @&ditivhsYoluaie®, fetmcwileed i n Kirk- O hner
07 JUL 7006 WO 03/059850 PCT/ US2/ 39644 51 Encyc)] opedi a .of Chem cal

Technol ogy,S%Shlsi?éiP#ﬁ?ﬁ?“\%?h@@@f"&?&ﬁﬂ“%!sgﬁm&‘mgg’ﬂ%r,ateﬂ 6, pages 249-271

and 894-899 | Chpl Lo dka d =tale ht.cation
ystoms ar o ok PASGELELAERE BOS Bspibdbin (e BRART R PHEINE S 28

(puri fi cati 627h#2&(pdrifitation of h diblamdythmoarbon steean), WSSPatéte™Nent No. 6, 293, 999
(separating pr ne from propane), and U. S,  Patent ] i cation No.

09/ 689, 363 ﬁﬁ?@ﬁg@ﬁwﬁw%@e%ongmgrﬁé Bef PEFNY catal yst),
which i s hesiglége BRIBEELD, DY00 Bligs Sinkush udiflOhAfkinE ¥RBAY, Which N converting
one or nore oxygenates to olefin(s) having 2 or 3 carbon atons, an anount

of hydr ocar isdwesin paerpoxatdddryirgferdned.i n(s), especially olefin(s) having 4 or
nore carbon , d. ot her by-products are forned, or rqduced. | ncl uded
o he r ool s ArsSh.Sh iR 8 E bimBle oy Eiadlr i ey Rp e D
converting bhPchb@fhi6hs, a6 affoaht T lydiobdibdhs! prticidlyBefin(gasspididilydr awn from t he

reactor or converting those products produced as a result of the recovery

syst em ut i plefin@) hqvirabe| mong cathen stepscindwiter by-produ¢ts pigdprmeds wi t hdr awn from

t he reactor |j assed, through a r ver em produci.ng one or nore
hydr ocar bonpré’gﬁ?cgi irilcﬁ‘bdeaélf ﬁ‘sg‘?ﬁ’ﬁrﬁfsge A t@%ﬁ%?ﬁoggetrﬁgcgggﬂ%%r e carbon
atom (C3') Hydopeaindahe fbuds BdntdnedSitiatie efffuehiias WA ARIM thet he C3'
hydr ocar bon contai ning streamis passed through a first fractionation zone
produci ng are@tgeer copveriing tese preduciiioduced aspigrpefithorscevsit 9sk8mg stream the
078 hydroca{lmdcont aining streamis passed through a second fractionation
zone producing a crude C4 hydrocarbon and a C5'

[00198] In one embodiment, the effluent gas withdrawn from the reactor is

passed through a recovery system producing one or more hydrocarbon containing
stream(s), in particular, a three or more carbon atom (C;*) hydrocarbon containing
stream. In this embodiment, the C," hydrocarbon containing stream is passed
through a first fractionation zone producing a crude C, hydrocarbon and %“Cj‘”
hydrocarbon containing stream, the C,” hydrocarbon containing stream is passed
through a second fractionation zone producing a crude C, hydrocarbon and a C,*
hydrocarbon containing stream. The four or more carbon hydrocarbons include
butenes such as butene-1 and butene-2, butadienes, saturated butanes, and
isobutanes.

[00199] The process of the present invention is desirably carried out in a
reactor apparatus which comprises an inlet zone, a reaction zone, and a
disengaging zone. When the process of the present invention is conducted in this
type of reactor apparatus, at least a portion of the catalyst/solids is recirculated
from the disengaging zone to the inlet zone to maintain the reactor at near

isothermal conditions. At least a portion of the vapor feed then mixes with the



hydr ocar bon contai ning stream The four or nore carbon hydrocarﬁzg® Qmﬁlude
but enes such as butene-1 and butene-2, butadienes, saturated bu é and

i sobut anes. [00199] The process of the present invention is desirably

carri ed owg dihsdeso’ €act or apparatus whi ch conprises an i pCeUSREISH a
reaction zone, and a disengagi ng zone. \Wen the process of the present
invention is conducted in this type @ reactor apparatus, at |least a
portion of the catalyst/solids is recirculated fromthe di sengaging zone to
the inlet zeaitadystsoliiimthaiinlet Zoae avbistdirected tontbareactionobheinmmbiclethedi ti ons. At

| east a portion of the vapor feed then m xes ﬁ/it%@ihe 0 7 I]?ﬁ L 2006 WO
031059850 PeXpEEREElo afinconyersign mecdon takgsiplpce; Hptignally # iquidfssd ong i s
directed toaddig diiGéf pbRidn O 0R thtal 6] SivatiB® suﬁiﬁéﬁﬂiﬁgﬁﬁré&nﬁ?%fe' h conversion
reaction takes place. Optionally, a liquid feed and/or dilTuent portion of
the total fdiattedrio therinlet@ons ad/piotone nsmoiedecatibnsinghaxeactighizens.ed to the inl et

zone and/ or .t. ne or .nor.e |locations in the r tl..on .zape Wih this
Zopar atus. Ml B AR U5 R e be Pty R BREE e sheled ¢ he r eact or
appar at us Oogppash@ion aktetnal tolie febiok SfpartiniBak BleWwataBBt/idkds GRtradinlatedol i ds are

recirculated fromthe di sengag{@ngl zone to the inlet zone and/or the
reacti on zofiem thedisgngegingjzeneite Bednletzong aril/er thgeeactinsr2one nAdlse he

ant Vo o EEERAoph AR oo b RN Bsqtdh O SOtEaBES B BB LS 1 ot e

r egener at or fremnhdxeadil dppmaths aid SmYy 100f refdderatd? teRgeeias the@atalydRy be directed
to a conduit which _serves to recirculate the catalyst/solids from the

di sengagi ng“2iaiyelsolids fiemithy weensriiey can bs tehnsddn apppfcthe frseptongs. ah enbodi nent
of a reacto : it o uld ' h icted

general ly aglaggga?%&élgﬁggr%gﬁdﬂn%%c%%gdggﬁ%gﬁé eéﬂﬁ%{)&% %’/SOEJIES g?@t reated by at
| east parti theldisengagmgizonatp theindet porehwrataption Zdne. et hanol feed is mxed with
catal yst fr |.ne 327 i.ch in¢ludes unregenerated (coked) catalyst from
e 324 r DR e Ayerahelens 862 FRGPLAPPREGS ASHaL BT R YSROBM | | ne 412
regul at ed bt dejidlel gedbiilys 300 ighleQRlox it 1581308 6 RIpreifiea 1 11l et

zone 304. An inert "gas "and/or steam 403 nay be used to di'lute the
oxygenat e, by attleastipartizllyaiapetizisg incepreheaten e ketpupl fesbiwmexédsith unent | i nes
clear of ¢ a&%ﬁ tﬁomleftlleSﬂLl Q)vei-[léh i%gl%deasnu%e%aneﬁtgc? &r:]oked) catalyst from line

324 regulated by valve 330 and/or regenerated catalyst from line 412 regulated by

valve 415 at the bottom of the riser reactor 306, in inlet zone 304. An inert gas
and/or steam 403 may be used to dilute the oxygenate, lift the catalyst streams,
and keep pressure instrument lines clear of catalyst. This inert gas and/or steam
mixes with the oxygenate and catalyst in the reactor 306 whose temperature can be
monitored at various locations 309. The reaction is exothermic, and the preferred
reaction temperature, in the range of from about 300°C to about 500°C, is
maintained by removing heat. Heat can be removed by any suitable means,
including but not necessarily limited to cooling the reactor with a catalyst cooler
406, feeding some of the methanol as a liquid, cooling the catalyst feed to the
reactor, or any combination of these methods.

[00201) The reactor effluent, containing products, coked catalyst, diluents,
and unconverted feed, should flow to a disengaging zone 312. In the disengaging

zone, coked catalyst is separated from the gaseous materials which are taken off



m xes wth the oxygenate and catalyst in the reactor 306 whose tenperature
can be nonitored at various |locations 309. The reaction is e&q}i\ﬁg@hf and
the preferred reaction tenperature, in the range of from abo o]
about 500Gyg bosed¥gl Nt ai ned by renoving heat. Heat can bepcensveseday any

sui tabl e means, including but not necessarily limted to cooling the
reactor with a catal yst cooler 406, %8edi ng sone of the nethanol as a
liquid, cooling the catalyst feed to the reactor, or any conbination of

t hese met hodsa lie3d2 63 medlirofigeadiyand/ef &yclmatsepacanons atithi diplegy, 3tRiatds, coked

catal yst, diluents,, a uncqonverted feed, should f]Jow to di sengagi hg zone
312. .Iyn the%l-s”éﬂ?ﬁ@‘? Hg'ge ,caﬁe{yﬁfelafwaﬁivﬁe FeacterRiy. gfr%'ﬂl%fl’r“&m tgeggageous
material s Wibg Ry dfofed %fzﬂ\éfiéj\‘pr {91;2 gollrhi’}m 3@&%&@&%@&8@?@&%@4&@02/ 39644 53

via |line 345 by neans o or cyclone separators wth diplegs, 318
and 321. Afipssistitdona sifippihg zoeld8d, wherebtparh of stherinent gasds usedtthescoeaact or i nl et
t hrough |ine 24 control |l ed by val ye 0. The portion 0of coked catalyst to
be regeneralag‘ﬁ’%eé hy '°F§B° g&ﬁm cagaé'ts'f' Sﬁwpﬁ%@ﬂ}ﬁ%okﬁéﬁaﬁal\)(ﬂéﬁ%uﬁt eam or ot her
i nert gas i glowse4llihe339eeaislled FAaRERAY d1ihe Femiriiondestdl 401 1R cat al yst.
Stripped spent coked catalyst should flowvia line 339 controlled by valve
342 to the pegivnef hegntalysksal toAlgeiregengeatorygysel 44 should fhe centaci¢dwithsent to the
regener at or _ves .40 u WM geper.atd on medi um

br of or abl y A R0GwidH AR bR £bl ohbulh bhyach, L ERAERRER, 01 10

bot t om r egerigbagiothe bottodi regaierdtbimpRe, at hperatupdsC FIRtufs, arliesidedse dence tines
that are capable of burning coke off of the catalyst and down to a | evel of

| ess than abises thot gregapable ofduming.qake eff of fvatalyshasiddosmdp adeyel efper at ure in
the regenen le dSol : f ?ﬁpt about 700C,

t he preferrlé(;%ﬁ%‘%éga;}?\8'(:So‘Jﬁrf:m/(é’’nEE}rC{aeEEF'l g%&llg%%te ﬁfgeﬁ%@@ﬁ’a‘% emrtg%enerator s in
t he range ofregehérator edsedl s id.tHe roge Shftomn aboati5SBC vohbddt 7601Q, thee preferred

resi dence tipgff‘f is, in the ran&e of frorin apout 1 to abaqut 100 m'ggtes.
[002021 The PEFTHRARFY B coppentzation indhe.gasepuing the regeneraiorih uy the toge fhy be

mai ntai ned gfonRapii 6, 2RO kEHut B¥XoPRYaRGRERERIEES rdiRieRQdimd AG) #di N9 but not
limted to feeding cooler gas, cooling the catalyst in the regenerator
vessel wi t hrangeaf fromabbwer] t4@Boutd0 mimvesbi nati on of these nethods. |ei

[00202] The burning off of coke is exothermic. The temperature may be

maintained at a suitable level by any acceptable method, including but not limited
to feeding cooler gas, cooling the catalyst in the regenerator vessel with a cat
cooler 406, or 2 combination of these methods. o
[00203] The regenerated catalyst is sent to the reactor 306 via line; 40‘9 and
412, controlled by valve 415, where it mixes with the recirculated coked catalyst
from line 324 in line 327 and eventually with the oxygenate feed from line 303.
The regenerated catalyst may be lifted to the reactor 306 by means of an inert gas,
steam, or methanol vapor introduced via lift gas line 403. The process should
repeat itself in a continuous or semi-continuous manner. The hot reactor product
gases should be cooled, the water byproduct condensed and collected, and the
desired olefin product gases recovered for further processing.

[00204] In order to determine the level of coke in the reactor and in the

regenerator, small samples of catalyst periodically may be withdrawn from



[ 002031 The regenerated catalyst is sent to the reactor 306 via |lines 409
and 412, controlled by valve 415, where it mxes with the recircul ated
coked catalyst fromline 324 in line 327 and eventually wit t HH. genate
feed fromgd pssfdd. The regenerated catal yst may be |if pednke/doba react or
306 by means of an inert gas, steam or nethanol vapor introduced via lift
gas line 403. The process should repédt itself in a continuous or

sem -conti nuous nmanner. The hot reactor product gases should be cooled, the
wat er by pr odu6busGRAfeR IR rediRcl ARl |sesét dor radasurtment o eaibos Bordref THe pr oduct
gases recovered for further processing. [002041 In order to determ ne the
level of cokeactipn pasemeters may beadipsied agqoedinglggenerat or, small sanpl es of

catal yst periodically may be w thdrawn from WO 03/059850 54 0 7 JUL 2006
PCT/ US02/ 39644 various points in the recirculating systemfor neasurenent of
car bon cont €&iENERAE EXPERIMENT AIaPROSEETREmy be adj usted accordi ngly.

GENERAL EXP NTAL P EE glo Reaction Tests and GC Anal ysis [00205]
I\/Ethanol-fto 9 reacti ons were carried out_in a
tubular m crgodospw r PRMLASI-t8I01SAR 'CO ‘@ﬁﬁct%ﬁ@w’é?@caﬁf%o%irﬁ% unl ess

speci fied otherw se. The reactor, 0.25" in outer dianet er, 8" in length and
0.04" in t hitekiagsicrofioy-reactor aff2.5 WMHIG 56 and[2G6 KIw) (40 psia)efuilessent from t he

t ubul t or. | egted | I ing.val i 15 250 ~1
sanpl o | oopsPeifelingiise: iy et 823 Yo isr 38Meh ° Rk GO0 B T ne gas
chr omat ogr aphigkdekie Wag tadEarcdlidodte8890) equi pped with a flanme ionization

detector. The chromatographic colum used was a 150 neter, 0.25 mm (i nner
di anet er) f J8Q&P6ki | i T efBpentt fram ihe mbylenreapipiiess qullectebiny¥airo DH  150) .

[ 00207] The . 2 I ! i s steel bonb
after the ef %ﬁ glélpré\aa?ﬁ o"&ehﬁf%%io:um#en%é@g? rreﬂr?fl[ +°§%§§Qg§%ﬁ% S%;élsl?ghgge and a
knockout  t raaglyfeirbyroaHinei gag cliromaiogiphys (Hdwiets Pavkirdr6800)bguiitipedivith a [ 00208] The

selectivity (M9% data reported jn the tables were convejsion- wei ghed
aver ages, arfé%%é?‘ézﬁ‘!’épél&‘leg?’é saér@alatﬂarapﬁ'@ cpiugmHsed wenad SEspteRd t he

0.25 mm (inner diameter) fused silica capillary column (Model No. Petrocol DH
150).
{00207] ‘The gas phase products were also collected in a stainless steel bomb

after the effluent flowed pass the aforementioned sampling valve and a knockout
trap for removing liquids, such as water and methanol.
[00208]  The selectivity (wi%) data reported in the tables were convegsion-
weighed averages, and were calculated based on the products that exited the
reactor. In other words, water and coke were not included as products in these
calculations. C,, C;", C,°, C;7, C,° and C;” listed in the tables referred to methane,

ethylene, ethane, propene, propane and butenes, respectively.

Temperature Programmed-Oxidation (TPO)

[00209] TPO (temperature programmed-oxidation) was used to measure the
amount of carbon during coke-removing experiments. TPO was carried out by
loading 5 to 10 mg of a MTO catalyst (5.2 wt% carbon, 37.9 wt% SAPO-34 and
56.9 wt% clay binder) in a quartz reactor. A carrier gas containing 1% O, in

helium was introduced to the quartz reactor at a rate of 63 ml/minute. The reactor



reactor. In other words, water and coke were not included as products in
these calculations. C" C -, CZ, C3, C3 and C4' |listed in the tables
referred to nethane, ethylene, ethane, propene, propane and %gmem[]ﬁ
respect i Vedyosnobygper at ure Programmed- Oxi dation (TPO) [ 00209us 44
(tenperature programed-oxidation) was used to neasure the anount of carbon
during coke-renovi ng experinents. TPOSkas carried out by loading 5 to 10 ng
of a MIO catal yst (5.2 wt% carbon, 37.9 wt % SAPO- 34 and 56.9 wt % cl ay

bi nder) i n avagbasted atracastait raté\of B3°Ciper mirase. The pad axiting théaqu@artzireactonel i um was

introduced to the quartz reactor at a rate of 63 m /nmnute. The reactor WO
03/ 059850 55V45 4Fedes o#TB W%@Mﬂ%@%@%ﬁtﬂﬂ-ﬁwﬁ%ﬁh rate of
13C per m Nuf opdiaRd4PF008% td bddder 0O MG, 20 bRAEHE The WisihAhe pRALEA t O a

met hanator, whi Ch contained a ruthenium catalyst. This catalyst was

oper at ed at wB@Gntinopdn measuredviting fl@ae ionizatien ¢eieetor (FRY. Femieasvee pr oduced was
conti nuously sured.wth.a fl iLond zat i op~del egh 0 D). To neasure
the CO pr odﬁkgﬁﬁﬁfﬂ‘ﬁW%&l{rﬁ‘é ‘iﬁaﬁg@fﬁ% Rty t%?oa?@),ﬁfl?‘{‘a%ﬁ?#?t&d Wi th
ascarite ( S(Qﬁiithtm}x}k:&&dkiﬁé ifsreg R0 NIdd) s aditel sompeRlysedvé Osaoml et el y
remove CO2 from the exit gas before it was_sent tq the nethanator.

Ther ef ore, ttheexireas dpfgrrdit warsepy to the metharator,Thareforeeths P sigral (FIB) excl usi vel y
dth . . . f j i f b
The” cat al ye ol AR e Hoail3 Yap SRy BRI GOMABELPEOTRE WA O CarDON Of

Querini, J. preduced {3, the’skiddtibl 92 garbartborGhe fataly§QiDethild ofahid tdshfiqué-ung, J. Cat .,
141, 389 (1993), i ncorpgrate herfai n. by reference. gz\st Igregnation of

Pl at i num Ont®® SapbiSCr Hingast Gade Quesiiely Gt B> 01828304 &+ A oadi ng Pt
onto/into S 34 t t yay } | yst | oaded
Ot o/ Lt SARRrAancabokial ) o, kY ok pheneel Bty Rridel vot |

Pt (acet yl ac éVeriatpedghatiorof Pldtiborc) e SAPD-Y % Al drich) was dissolved in 2.2
m of tolue e agpunt of t.oluene yse s _.enoygh i,ll the mesoporous
and macr opoﬁﬁ?@WOI ug&%lﬁ?wf’ﬁ@ 8a WVaf WH?OI%FE“%%IOHE#’SW é\‘gg(f)é_éded_ dropwi se to
1.0028 g of @m%t.tlﬁmﬁéaﬁﬁeﬁﬁagn%ragﬂﬂywﬁcm&90@)%;&{%?& n a vacuum

oven for 1 hr to renove tol uene. The resulting solid cat was t hen
cal ci ned at BHd@ yoweighthPt, 0:§13 giof PH{aestylacTionatp)h-aeri BigAnAc),~(99.9 %, :

Aldrich) was dissolved in 2.2 ml of toluene. The amount of toluene used was

D

enough to fill the mesoporous and macroporous volume of the catalyst. The
solution was added dropwise to 1.0028 g of a de-templated SAPO-34. The wet
mixture was dried in a vacuum oven for 1 hr to remove toluene. The resg,l\_tiflg
solid catalyst was then calcined at 350°C for 2 hr in a furnace. The platiﬁUI;l
concentration in such-prepared catalysts was confirmed by elemental analyses.
Two SAPQ-34 catalysts containing 2000 wppm Pt and 5000 wppm Pt,
respectively, were prepared following the procedure. The impact of Pt on MTO
selectivity and the effectiveness of these Pt-impregnated SAPO-34 catalyst in
promoting the oxidation of CO were shown in Examples 3 to 5.

[00211] Pt reduction was carried out at 510°C by flowing a stream of H,
diluted with He (10 ml/min H, and 40 ml/min He) for 2 hr in a flow reactor.

Oxidation was conducted in a stream of O, (50 ml/min) at 600°C for 2 hr.



concentration in such-prepared catal ysts was confirmed by el enent al

anal yses. Two SAPO 34 catal ysts contai ni ng 2000 wopm Pt and 50@? “g?mﬁPt,
respectively, were prepared follow ng the procedure. The i npact ofJ on Mro
sel ecti vi {p ARGodsiie ef fectiveness of these Pt-inpregnat edcHlB¥38euacat al yst

in pronoting the oxidation of CO were shown in Exanples 3 to 5. [00211] Pt
reduction was carried out at 510C by H6owing a streamof H2 diluted with He
(10 M/mMn H and 40 mM/mn He) for 2 hr in a flow reactor. Oxidation was
conduct ed i Mydropesi €aemdbrpidn (50 M /min) at 600C for 2 hr. 07 JUL 2006 WO

03/ 059850 P 2/ 39644 56, Hydr ogen, Chem sprptj o 0212 dr ogen
chemi sorpt i ﬁ{{ﬁgl uszay‘{’?ﬁeﬁépg%ﬁ?’ﬁ oR Wé’s?f{n@pﬁjgpg@c?ﬁ?h%gsl’e&s& 8 sely, extent of
aggl omer at i @gnveftel Qﬁeﬁhfp%ﬁlém&hﬁn, btht IPEpdriie SRty FOD G proftedl Yst and the

Pt-inpregnatl d SAPO 34 catal yst. Hydrogen chem sorption = measures how many

hydr ogen at oatslyatrwdahtslttﬁmeagbt}tfd BAPO P aiatalyshiblydrogen Fhemisaption present on a

catalyst. Wien the HPt gtomratiog is 1.  al t.ons i,n t at al yst are
accessi bl e W‘H%Se*wwzfﬂ(%&%%ﬁﬁkmséﬁ a%??%%&?‘%‘%&“é’“ﬁ°€§?§?%| | in the
order of {,\Eﬁeﬁedﬂ&ﬁ'&c&ﬁgﬁt. Wien SRt htosh riio AL kil Bt £6maiethé datalyttarde hi ghly

di spersed en the H is >0.7 and is noderately di spersed when HPt is
0.1 to 0. 7. aqueasible bpdiediydipgematompbe.sthe Buparadle isivepsmalldndke rdenafyy when H Pt <

Nbtal [ o Catcat nep 18470 Sbhoditls p ERRRL S bfieh) Mifeisl whE ' 0, 7
EXAMPLE 1 [ QUPtlisH0A a6 isesderaadly visparséd wiidneH/P{3€ 0QQ0o [0r70 Mbk dispa@sibal yst ,

containing 780 wppm Pt/ A1203 (780 wopm Pt on alum na) was added to a MIO
catal yst, wlﬁ'faﬁsuznﬂﬁ&ea#’hwcﬁ«?&zsmwmgﬂ%’ﬁﬁ%b.@efmmfsl;m@amc@nd 55.7 W %

cl ay binder ' ' (fai’atl%t S 0 O mcron.

Four cat al y&cgmﬁg%ﬁltqg?)%fdﬁgd 7. gc\j\ﬁ%%h]mggﬁg Wpp ’wa§6%%%? ’ giﬁdﬁl’ g‘lz wppm Pt ,

respecti vel 295 wesaderpicdpess €975y addi ng appropri ate amount of the FCC CO

pronoter (I EEErCEEE COP-80) to the MIO catalyst. Table 1 shows the effect

of addition pronoter on selectivity (W% for the MIO catal yst.
[00213] A commercially available FCC CO promoter catalyst, containing 780

wppm Pt/Al,0, (780 wppm Pt on alwnina) was added to a MTO catalyst, which
contained 7.2 wt% carbon, 37.1 wt% SAPQO-34 and 55.7 wi% clay binder. The
particle size of the MTO catalyst was about 100 micron. Four catalysts, containing
7.8 wppm, 39.0 wppm, 156 wppm, and 312 wppm Pt, respectively, were prepared
by adding appropriate amount of the FCC CO promoter (Intercat, COP-830) to the
MTO catalyst. Table 1 shows the effect of addition of the CO promoter‘ 0;1‘
selectivity (wt%) for the MTO catalyst.

TABLE 1
Pt C |G | & | G| GG GGy
wppm | W% | Wi% | wt% | W% | Wi% | Wik wt%

0 1.7 352 [1.0 432 [20 [13.0 [784

7.8 20 [355 [12 [427 J20 [12.7 [782

39 34 [328 [47 1402 [28 [124 [73.0

156 9.0 TIL1 265 [286 [108 [109 [39.7

312 135 119 [350 {182 [189 [97 120.

[00214] Data in Table 1 show that there was minimal effect on the prime

olefins selectivity at low Pt concentrations. For example, at 7.8 wppm of Pt



TABLE 1 Pt C, C2 C2 C3 C, C4 CZ +C3 wppmN %N %t %N %N 9N 9t %
01.735.21.043.22.013.078.4 7.82.035.51.242.72.012.778. 2 07 JUL 2006
393.432.84.740. 22. 812. 473. 0 1569. 011. 126. 528. 610. 810. 939. 7

31213. 51. Q3pesbshse18. 99. 720. 1 [00214] Data in Table 1 shperAbessédaere was

m nimal effect on the prinme olefins selectivity at |ow Pt concentrations.
For exanple, at 7.8 wppmof Pt 07 JUL52006 WD 03/ 059850 57 PCT/ USQ2/ 39644

| oadi ng, the selectivity for C3 only decreased by 0.5 W% while selectivity
for et hyl ehadingcthe sdedivity fdd (3™ oilPdedr&6aills] 0.5\he¥t whike seleotivdantfoat i on of Pt was
I ncreased by increasing.the angpunt of the FCC CO pronoter in the m xture,
the data i ncth¥lspeingr Yé’-%‘f"%r detrinental effect on ethylene and propene

sel ectivity18) . WHECHE 8SReftation Bf PEWhs iAbresdSd Min%hﬁ%'ﬂo@ht Therefore,

the anount of the FCC CO pronoter added to the O reacior needs to be
preci sel y cofithe §ACA0promsotérdn dhe mixhire, desedataipitalile fisaw aoleitceabl e detri nent al

caral yst | coffErTHLCR e L Ear B poisse S bL Ao Ay 015 SOht o6 ol ay
bi nder was dsBowppintPhe TPO studies to investigate the effectiveness
[00216] Therefore, the amount of the FCC CO promoter added to the MTO
reactor needs to be precisely controlled at a level that does not induce noticeable
detrimental impact on the ethylene and propene selectivity.
EXAMPLE 2
[00217] A MTO catalyst containing 5.2 wt% carbon, 37.9 wt% SAPO-34 and
56.9 wt% clay binder was used in the TPO studies to investigate the effectiveness
of the FCC CO promoter in the oxidation of CO to CO,. An appropriate amount of
the FCC CO promoter (Intercat COP-850) was added to the MTO catalyst so that
the Pt concentration in the final mixture was 18.8 wppm. TPO experiments were
performed both with and without the use of the ascarite trap so that both CO and
CO, were measured. Table 2 shows carbon wt% evolved as CO and CQ, for the
MTO catalyst with or without the FCC CO promoter.

TABLE 2 <
Pt Carbon wt% Carbon wt% Total Carbon wt%
wppm | evolvedas CO | evolved as CO,
0 33 1.9 5.2
18.8 0.2 5.0 5.2

[00218] The TPO data show that the presence of 18.8 wppm Pt greatly
decreases the CO signal. The total amount of CO produced was equivalent to 0.2
wt.% carbon, a reduction of 94%. This suggests the presence of Pt promotes the
oxidation of CO to CO,.

EXAMPLE 3

[00219] Two platinum-containing catalysts were prepared by wet
impregnation following the procedure detailed in the GENERAL
EXPERIMENTAL PROCEDURE above. The Pt concentration of these two



of the FCC CO pronoter in the oxidation of COto CO . An appropriate anount
of the FCC CO pronoter (Interest COP-850) was added to the [plrg%g adpyst so
that the Pt concentration in the final mxture was 18.8 wppm

experi m”\ﬁ{l“%ﬂs soPerformed both with and without the usecefustimeascarite
trap so th oth CO and CO2 were neasured. Table 2 shows carbon wt %

evol ved as CO and CO2 for the MIO cat &#8yst with or w thout the FCC CO
pronoter. TABLE 2 Pt Carbon wt % Carbon wt % Tot al Carbon wt % wppnevol ved as
CCevol ved a.%atﬁ@stsﬁ)&saaow&pﬁniﬂdﬂﬁnozﬁa;ﬁhﬁ'rébpéﬁﬁ@%f[aﬂhé comprdatha show t hat the

presence of 18.8 wppm Pt gre ecr es th Il gnal . The total anount
of 0O pr odudglactivty dé@tﬂf#%flcéﬁg’sf%m@@ngm gf)ﬁ%}?@ﬁ%ﬁpﬁ’%ﬁ’f of 94% This
suggest s th%fﬁ £I£ O 8Py %adﬁ%%ﬂﬁ@ﬁleﬁﬁﬁol tOSlefiRd lefiltioRd. THOMPOCO2. EXAMVPLE 3

[00219] Two | num contal ni hg catal ysts were prepared by wet inpregnation
fol | owi ng th@cpomcwgpa'fdmeéaﬂ £0°C, 276 KPacE\pr) and EXMEREVENTAL PROCEDURE
above. The Pt concentration of .I. two O 7 JUL 2006 WO 03/ 059850
PCTI US02/ 39644 58 catal ysts wa wppm and 5000 wppm respectively. Table
3 conpares SEIECTINEEY [i@Fa D Thecpat digSt [copdefning 5000 wppm Pt
w th that (fwﬁpﬁF pwﬁgt W%P 4 V‘E&t‘?ﬁ Ny id% IW?/gl ngwfor the methanol to
ol efi ns reatgttrons: 10° i) Fic‘r LIRS S %dg at—45¢0C, 276 KPa (40

. i N . . X . .

MEHS\ L
psia) and GGV AR e Hor 350 [70 [ 169 [67.0

[00220] Note that the wet impregnation of 5000 wppm Pt onto SAP0O-34
showed no impact on the performance of the SAPO-34 catalyst. For comparison,
when Pt was introduced in the form of the FCC CO promoter a Pt concentration of
39 wppm showed significant impact on ethylene and propene selectivity (Example
1, Table 1).

[00221] Since the size of the platinum acetylacetonate is considerably larger
than the pore opening of the SAPO-34 molecular sieve, the Pt acetylacetonate was
mostly on the external surface of the SAPQ-34 crystallites. Pt was not highly
dispersed because the external surface of the SAPO-34 crystallites was only a
sméll fraction of its total area, with most of its surface area being the surface area
of the pores inside the crystals. Hydrogen chemisorption can be used to &:fénnine
Pt dispersion as shown in Example 4.

EXAMPLE 4

[00222] Hydrogen chemisorption determined the dispersion of the Pt particles
in the FCC CO promoter catalyst and the Pt-impregnated SAPO-34 catalyst.
Hydrogen chemisorption measured how many hydrogen atoms are adsorbed by
the total number of Pt atoms present on a catalyst. When the H/Pt atom ratio is 1,
all Pt atoms in the catalyst are accessible by the hydrogen atom, i.e., the Pt particle
is very small in the order of less than 10A. Table 4 shows that the H/Pt ratio of the
FCC CO promoter catalyst is 0.90 indicating 90% of Pt atoms are surface atoms
(small Pt particle size) and the Pt-impregnated SAPO-34 show a low H/Pt of 0.01

indicating large Pt particles size, and only 1% of the Pt atoms are surface atoms.



C2 C2 C C3 C4 C2 +C3 wppmA %N %t 9N 9N 9V O. wt % 01. 028. 21. 238. 6{.11% 66. 8
50001. 128. 02. 439. 07. 016. 967. 0 [ 00220] Note that the wet i rrpregrﬂa Bk 206 5000
wppm Pt onto SAPO- 34 showed no inpact on the performance of the SAPO 34

cat al yst. wffsosepari son, when Pt was introduced in thep€Dusnspssshe FCC CO
pronoter a Pt concentration of 39 wppm showed significant inpact on

et hyl ene and propene selectivity (Exa®8le 1, Table 1). [00221] Since the
size of the platinumacetyl acetonate is considerably larger than the pore
openi ng of the SAPO 34 nol ecul ar siBABLE#he Pt acetyl acetonate was nostly

on the ext GWWWW i ghly

di spersed hecause head¥ster nal siirf ackt e SAF"O 34 ¢ allites was only
a small frasu-en_gi_i_t-s—t-gl-a-l—& w-th—mpst—ofJits——surface—ar¢a being the
surface aréfcq) Omremolst o5 i nsi de Q\p crystals 1y i’ngpn chem sofption can
be used to |Rtimpregrated $APQ34per si A0S shown in ple 4. EXAWVPLE 4 [00222]

Hydr ogen chem sorption determ ned the dispersion of the Pt particles in the

FCC CO pronmg %I yst and the Pt-inpregnated SAPO 34 catal yst. Hydrogen
chem sorpti ,Er ed how many hydrogen atons are adsorbed by the total

nunber of Pt[o@tzgﬁ PTESPinpRAnAed atdlstSivere WitRided 4 ddliditedgirPPtd@Ei 0 is 1,
e

all Pt atons in catal yst are accessjible by the hydrogen atom i.e., the
Pt particl e MT@ tesbrepctigngfin lab Sowreactarde simylate the seduping envimnmentriashe 4 shows

(1t e 1 Bl bl ly G BRE o MAPh S SR e 1l o2t 0 90%

of Pt atons u partfcle siz

Pt - i npr egnatsafiowAle sdkctitiyat thoas APBt34aktalsOitaprégdied aiith BP0 avppm Pt
particles size, and only 1% of the Pt atons are surface atons. 0 7 JUL 2006
WD 03/ 059850f Pt.

TABLE 5
Pt Treatment [ C, (O C’ C,” Cys C, C+Cy”
wppm Wt% | Wit | wi% | Wit% | Wi% | Wi% wit%o
0 none 08 331 (08 425 (29 153 |75.6
2000 none 0.8 322 |08 433 |32 154 1755
2000 reduced 1.2 327 | 1.7 429 140 14.1 [ 75.6
2000 oxidized 1.0 33.7 (1.1 426 (4.0 14.0 |76.3

[00224] Though C, to C,° alkane selectivities appeared to increase
moderately, there was no loss of ethylene and propylene selectivities following a
simulated reaction/regeneration cycle. i
EXAMPLE 6

[00225) The effectiveness of Pt-impregnated SAPO-34 catalysts in promoting
the oxidation of CO to CO, was studied by the use of TPO. Pt- and carbon-
containing samples for TPO studies were prepared by mixing the appropriate
amount of a coke-containing MTO catalyst and the Pt-impregnated SAPQ-34s.
Two samples with Pt concentrations of 48 wppm and 121 wppm were thus
prepared from the 2000 wppm and 5000 wppm Pt-impregnated SAPO-34s,
respectively. The carbon content of both samples was 5.2 wit%. Table 6 shows the

TPO data for these two samples along with that of a sample with no Pt.



PCT/ US02/ 39644 59 TABLE 4 Pt catal ystPt (wppnm)H Pt FCC CO pronoter7800. 9

Pt -i npregnated SAPO 3420000. 01 EXAMPLE 5 [00223] The Pt inpregmat asl 72006
catal ysts were reduced and oxidized prior to the MO test reactions In |lab
fl ow reactpd odigdossh Ml at e the reduci ng environnent in thepcraserisssdzone and
the oxidizing environnent in the regenerator, respectively. Table 5 shows
the selectivity data for a SAPO 34 caffl yst inpregnated with 2000 wppm of
Pt. TABLE 5 Pt TreatnentC, C2 CZ C3 C3 C4 CZ +C3- wppmA %N %t 9N %N %N %vt %
Onone0. 833. 10. 842. 52. 915. 375. 6 PABDEO6Nne0. 832. 20. 843. 33. 215.475.5

2000r educed F232—4+-—42—04--01 4. 1146620000 ehzed—033—F1—442. 64. 014. 076. 3
[ 00224] Tho JgﬁptC, t CaoniRand A Wi i ok JB%EQ?YEBD W% rr ease

moder at el y, | P | wekolved a5 G&% |orevelved AsGE: ahd propyl ene sellectiviti es

foll owi ng al9sinulldt3ed reacti dii? egenerati oh52ycle. EXAVPLH 6 [00225] The
ef fectivenes$ggof P02 npregnat §gB.66APO- 34 cat pbgsts in pronotfing the

oxi dation of (8D T o002 was styd.ed by the upg20ot TPO Pt- and carbon-
contai ni ng sanptes for TPOStUdires wWere prepared by TXIMg the appropriate

(00226} Although the Pt dispersion of these Pt-impregnated SAPO-34

catalysts were low they were very effective in converting CO into CO, at Pt
concentrations comparable to that of the highly dispersed FCC CO promoter
catalyst.

[00227] Thus, it appears that when the carbon monoxide oxidation metal-

associated catalyst is moderately dispersed or at a low dispersion (e.g., when the

carbon monoxide oxidation catalyst is added by wet impregnation of platinum
acetylacetonate), it is as effective as a commercial FCC CO promoter in the
conversion of CO to CQ, in the regenerator of an oxygenate to olefin process and
it shows no impact on the performance of the SAPO-34 catalyst, i.e., no loss in
ethylene and propylene selectivity.

EXAMPLE 7 _

[00228] A fluidized bed reactor apparatus similar to that described as Figure 1
is employed in an oxygenate conversion reaction process of the present iryention.
Thus some catalyst flows from catalyst stripper 333 to the regenerator vessel 401
and is returned from there to inlet zone 304, while some flows through line 324
and is returned to inlet zone 304 without regeneration. This apparatus was used to
study the response in the reactor and regenerator to the addition of the same
commercially available FCC CO combustion promoter catalyst discussed in
Example 1 to an MTO catalyst.

(00229} Prior to adding the CO combustion promoter, the upper, dilute
disengaging zone of the regenerator often ran at a greater temperature than the
regenerator bed temperature. Periodically, the head of the regenerator would
undergo rapid, sometimes localized, temperature increases. Figure 2 shows a

regenerator head thermocouple undergoing rapid increases in temperature during



amount of a coke-containing MO catal yst and the Pt-inpregnated SAPO 34s.
Two sanples with Pt concentrations of 48 wppm and 121 wppm wel ? JUhdeb
prepared fromthe 2000 wppm and 5000 wppm Pt -i npr egnat ed SAPO 34s,

respectiv (%’0310}%@0(3” bon content of both sanples was 5. 2pptAfso2Bablie 6 shows
the TPO data for these two sanples along with that of a sanple with no Pt.
D 7 JUL 2006 WO 03/ 059850 PCT/ US02/ 39644 60 TABLE 6 Pt Carbon wt % Carbon wt %
Total Carbon wt % wppnevol ved as CCevol ved as CO2 03. 31. 95. 2 480. 25. 05. 2

1210. 25. 05. 204tiexibdrwisetstablecponditiensPTheldatp showingn Figure b avere gbtainedor egnat ed

SAPO- 34 cat a),yst re low.th We:Very effecti LN C erting COinto
oo ar Pt SBREAE PSR O i B ferBhdrf e e B Rl e e o
pronoter  Cabakntd] the FOC2CH Lohibustion pfonmideatalyst Wal phwkiedllst e aifhon nonoxi de

oxi dation netal - associated catalyst is noderately dispersed or at a | ow
di spersi on (e MTO egfadyst atrcongenimption o0 WRPE RrRmeter Avthe promafert i s added by

wet i npregnat Al At 4 .as .ive as a
comer ci al %W%r?ﬁo%# ??nontqﬁlgé}’/ E%ﬁ%f@%ﬁhg?b% }?éﬂ @5%&1%%8{]%

regener at or cathlyatwasygewapa. Figure Befemongirates elss theradditioh of the\pBortistes Npact on t he
performance of the SAPO- 34 catalysj, i.e., no | Qss | t hyl ene and

propyl ene s&RBESt F’?@‘?‘teiiﬁwp‘il‘ﬁﬁeig’ﬁgMfﬁtﬁeﬂﬂﬁrﬁ?‘?ehgﬁégatﬁé%‘?& @80 appar at us
simlar to | Iy QUL { S0 | n oxygenate

conver si on ﬁo@ﬁa&geﬁ?ﬁﬁﬁ%%%sg%%@ l%g&péfgé%ﬁ%/?%gﬁg%%@&ﬁus sone cat al yst
flows from ed230yst %he aduiteon of 8 ramoteedid agestvemely affor sledontértion

of oxygenates to light olefins. In the apparatus shown in Figure 1, methanol was

fed at 25 psig with an average riser temperature of 450°C, a space velocity of 24-
25 hr'!, and a reactor catalyst coke loading of 7.0 wi%. In the two examples, first 0
and then 0.65 wppm Pt was added to the circulating catalyst. The products from
the reaction were as listed in Table 7. Qualitative analyses of CO, CO,, and H,
indicated that these species were not affected either by 0.65 wppm of Pt in the

circulating catalyst.
TABLE 7 ‘
- Ty i | Case 1 Case 2
' Pt Conc. ppmw 0 0.65
Pressure psig 25 25 e
Rxr Temp C 450 450
Rgn Temp C 677 677
Rxr Coke wit% 7.0 7.0
Sp Velocity  hr-1 24.7 241
Conversion  wt% 91.7 90.1
C4 wt% 0.826 0.841
Ca wt% 33.7 33.4
C,° wt% 0.596 0.578
Cs wi% 425 42.3
Cy’ wit% 1.99 1.90
Cs wi% 12.7 13.0
Cgt+ wi% 4.41 4.38
Coke wt% 3.29 3.53




and is returned fromthere to inlet zone 304, while sone flows through |ine
324 and is returned to inlet zone 304 w thout regeneration. 'ﬁjguaﬁmﬁrat us
was used to study the response in the reactor and regenerator tolt e

addi tion 0 §3SossfE  ConmmEr cially avail abl e FCC CO conbpgtuse/pssanot er

catal yst discuSséd in Exanple 1 to an MIO catal yst. [00229] Prior to adding
t he CO conbustion pronoter, the upper$2dilute disengaging zone of the
regenerator often ran at a greater tenperature than the regenerator bed
tenperature. Periodically, the head of the regenerator would undergo rapid,

sonetinmes |gcalijzed, tenperature |ncyeases. Figure 2 shows a ._regenerator
head t her notf8&Htle uﬁ%@@ﬂ%ﬁ%ﬁ‘gi‘ﬁﬁthﬁg@@mt&ﬁ‘H@wg ng 07JUL2006
VO 03/ 05985&5%;4%8% Hg@%%%@d’eéeﬁeéﬂfvbe@m&mﬁf\@é& é@%ﬁk@iw' tions. The

data shown 1 n Figure re obtained wth a catalys e loading of 0.8
W% in the reggenaordndrat thafsame titk dees rbh adverselyaffeotthacthyldne e FCC CO

conbustion pronpter.catal ysi was S| ly mxed with the MIO catal yst at

a concentraglioBﬁgB?seée\? V@ﬁ%ﬁ#‘%'ﬁﬁ%ﬁ’eh%‘?%f%_&mf)romt_er catal yst was 780 wppm

Pt on AlZOBP_otzim t OtpRksoROBLA AR skt in He 4t willtebdiRifih# Hany i N catal yst was
[

0. 65 wppm giur e 3 denonstrates that the addition of the pronoter catalyst
el i m nat ed miedifigatiansanay bigimgsde tatip preseny inveption withaw depamtingsforaithea wer e al so

obtained with. at al coke J.oadi.n f 0.8 W% in the regenerator. [00230]
The addi t i ofP B0 REoRnas st arent IPSplpe s spibaaietindba BB BEERRR T s on ' of
oxygenat es eartitgbé ilRk@dtivesnly snd sl bR de tdkes ash@hgite invéigiog, 1, net hanol
was fed at 25 psig wWth an average riser tenperature of 450C, a space

vel oci ty of whighipdg PYWC’%PWIE&%F@?S-CM al yst coke loading of 7.0 w% In
the two exanples, first O and then 0.65 wppm Pt was added to the
circulating catalyst. The products from the reaction were as listed in
Table 7. Qualitative analyses of CO CO2. and H indicated that these

species were not affected either by 0.65 wopmof Pt in the circulating
catal yst. TABLE 7 Case 1Case 2 Pt Conc. ppma00. 65



Pressure psi g2525 Rxr Tenp C450450 Rgn Tenp C677677 Rxr Coke vvt‘VﬁVQAgﬁ g[m?p
Vel ocity hr-124.724.1 Conversion wt%91.790.1 C, wt %0. 8260.841 Cz /& . 733. 4
C2 W 9%0.5960.578 C3 wt %12.542. 3 C3 wt %1.991. 90 Cos wt %42.713.0 C5+

wt %t. 414. 38 Coke wt 3. 293.53 0 7 JUL 2006 WO 03/059850 PCT/ US02/ 39644 62

[ 00231] The advant ages of using the Pt &gt al yst as CO pronoter in the MO
regenerator is that it provides effecti conversion of COto CO2 in the MIO
regenerator and at the same tinme does not adversely affect the ethylene and
propyl ene%ﬂl&i vities when used in the MIO reactor. [00232] Persons of

ordi nary | 'n the art will recognize that many nodifications may be
made to the present invention without departing fromthe spirit and scope

of the present ,invention. . : ' ' ' . nt to be
1 ustr ot fve oftRoRt el Mt n STHP DR ot &R s Sh ok RO BRe B i o
I s defined by #)enfaclihgihe ficedstbel iR reddtion Zbhe Db c&alysilodhifiising.i) Ampleodless f or

maki ng an ol efin prqduct froman oxygenate feedstock conpri sing: )
cont act i n@wv%@wr@é{f PELROTF GPERREABH1 A CAbREdFHOPmelale v Fﬁ%qul%%‘gﬁff%}vﬁéoi) a

Mol ecul ar corfeR VIR fR8NtGRY ikt8 fah RERFINRRERIcPORRAIMNGIpRSH g iC,)C 0 1&8As Rl dRfdran et al ,
under conditions effective to
carbonaceous deposits on the catalyst so as to provide a carbon-containing catalyst;
b) contacting at least a portion of the carbon-containing catalyst with a regeneration
medium comprising oxygen in a regeneration zone comprising a fluid bed regenerator having a
dense fluid phase and a dilute fluid phase under conditions effective to obtain a regenerated
catalyst portion, wherein the difference between the temperature of said dilute phase and the
temperature of said dense phase is no greater than 100°C.;
¢) introducing said regenerated catalyst portion into said reaction zone; and
d) repeating steps a)-c);
wherein said olefin product stream from the reaction zone comprises at least 50% by
weight of olefins based on the total amount of hydrocarbons produced; and wherein the
selectivity of the process for ethylene and propylene differs by no more than +5% to that of

said process carried out in the absence of said CO oxidation metal.

2. The process of claim 1, wherein said difference is no greater than 50°C.
3. The process of claim 1, wherein said difference is no greater than 20°C.
4. The process of claim 1, wherein said difference is no greater than 10°C.
5. The process of claim 1, wherein the regenerated catalyst portion has less than 5.0 wt. %

carbonaceous deposits.

6. The process of claim 1, wherein the regenerated catalyst portion has less than 3 wt. %

carbonaceous deposits.



convert the feedstock into an ol efin product stream conprising C2-C3 ol efins
and to form carbonaceous deposits on the catalyst so as to provi d@-]qm[ 2006
carbon-contai ning catalyst; b) contacting at |east a portion of the '
carbon-contai ning catalyst with a regeneration nedium conprising oxygen in
a regeneration zone conprising a fluid %gd regenerator having a dense fluid
phase and a dilute fluid phase under cornditions effective to obtain a
regenerated catalyst portion, wherein the difference between the

t enper at ure of j I | . i phase is
no great e?' t hagﬁﬁb%&gls og%ﬁ}nﬁl’? {a‘ggcﬁgﬁg%éésag?nghﬁée%%nw&sg grcgli%](;:l:gt§ ? egsst?%ggﬁt'i%n into
sai d r eactarbmmazens;deposits. d) repeating steps a)-c); wherein said olefin
product streamfromthe reaction zone conprises at |east 50% by weight of
ol efins based on the total anmount of hydrocarbons produced; and wherein the
sel ectivi By of Thégropése@€sIGink O whdrbiyi|sgid @amof-cphitaint gavaealyit hiserslefyythans war e
than 5% to that o sai d process carried out in the absence of said CO

oxi dat i on “prearBanacepus §eROsES.ocess of claim 1, wherein said difference is no
greater than 50C. 3. The process of claiml, wherein said difference is no
greater than 20C. 4. The process of claim1l, wherein said difference is no
greater tRan 106 p®cessiofclomdewhercin saidaarbon-conthiming qatalyst hasnpelass thanediwt.

cat al yst @)rt'on has less than 5.0 wt. % carbonaceous deposits. 6. The
process of & ?%c?us\%%qsgtf.n the regenerated catalyst portion has |ess than 3
w. % carbonaceous deposits. 0 7 JUL 2006 64 7. The process of claim1,
wherein the regenerated catalyst portion has less than 1 w. % carbonaceous
deposits. 18 T& ¢ progess € clafm 4] wherpin saigicarbansortaingngcatabysh hasonn lssihamy! Wat al yst
has no | esg thdHiceubliepost@.Car bonaceous deposits. 9. The process of claim 1,
wherein saird carbon-containing catalyst has no less than 3 wt. %

car bonaceous deposits. 10. The process of claim1, wherein said

SO ouo B Sy G376 Bt PO R AR R =
el ement  sdloarthegroublcomisting ofIGaoup YBNSHHIVIB, Group VNIB, A, G W1 Yadials. G oup

VIIB, and Goup VIl netals. 12. The process of claim 1l wherein said G oup
VB netal is V, said Goup VIB netal is

12, The process of claim 11 wherein said Group VB metal is V, said Group VIB metal is
selected from the group consisting of Cr, Mo and W, said Group VIIB metal is Mn, and said
Group VIII metal is selected from the group consisting of Ni, Ru, Rh, Pd, Os, Ir, and Pt.

13.  The process of claim 1 wherein said CO oxidation metal comprises Pt.

14.  The process of claim 1 wherein said CO oxidation metal is added in a form having an

external dimension greater than the diameter of said pore openings of the molecular sieve.

15.  The process of claim | wherein said CO oxidation metal is added in the form of

platinum acetylacetonate.

16.  The process of claim 1 wherein said molecular sieve catalyst has a pore diameter of less

than 5.0 Angstroms.

17.  The process of claim 16 wherein the molecular sieve catalyst has at least one molecular



selected fromthe group consisting of &, M and W said Goup VIIB netal is
M, and said Goup VIII netal is selected fromthe group consistiryl diL Rilh
Ru, Rh, Pd, Gs, Ir, and Pt. 13. The process of claim 1l wherein said CO

oxi dation nmetal conprises Pt. 14. The process of claim1l wherein said CO
oxidation netal is added in a form havi an external dinmension greater
than the dianeter of said pore openings of the nolecular sieve. 15. The
process of claim1 wherein said CO oxidation netal is added in the form of

pl ati num QLo HhACRLRAM Eselekfd f;rd?ﬁtfﬁr§&ﬁr%%n§l§tir@ & ARIL AMTC RPN ATN, A D lagaul ar
sieve catal yst has a pore dianeter of less than 5.0 Angstrons. 17. The

process oA¥WaBiK16AREHA AHIHAARDORIER, ERe(OQHEl LEV, hQY, &AL 83N, one
nmol ecul ar PR‘JZP%'S@Q%Q%AE@% ve franmework-type selected fromthe group

consisting o N, ATT, ATV, AWN BIK, CAS, CHA, CH, DAC,
DDR, EDI, ERI, GOO KFI, LEV, LOv, LTA, MXN, PAU, PH, RHO, ROG and THO
18. The process, of claim 16 erein the nol ecul ar sieve catal yst has at

least one Bol a4l BocessiobG@g {6 wbietn t gielechler E;‘F‘b‘ﬂ??t"ﬂlﬁﬁ%gia%%‘i'?ﬂjy e rolpyaTt e

and chabazjel,€seleefidProit _the%%’@ V\ﬁé‘qe?xsist_in%ﬁ@ri%ﬁirte AALhabst | $APED 408 PO 7L her eof .

19. The process of claim1l, erein the nol ecul ar sieve catal yst has a pore
di anet er SAPE-13 endpupstitutndeerowrs thererd. process of claim 19, wherein the

nol ecul ar sieve catal yst has at | east one nol ecul ar sieve framework-type
selected fromthe group consisting of MFI, MEL, MIW EUO MIT, HEU, FER
AFQ, AEL, 1TON, Theiprosess of tlainh &owhereinise mblecidaf siev2 Tataljhehgsraqoesdiambtecbi-m |
wher ei n tf{ﬁre iS no reduction in %selectivity to ethylene and propyl ene
conpared t A@&FtEP"bsrocess carried out in the absence of said CO oxidation
metal . 22. The process of claiml wherein said CO oxidation netal is present
in an anount no greater than 5% based on total catal yst weight. 23. The
process of0c| ailhe progess oétlaing 49.ovieesin dednelpotarsiava catalystdras sbleast ione malegwigunt

no great 9 e tot C | yst. wei - f claim
1 ner o n et BRRet BT RIRRA PR ne R, eBlotE e, Rfer MW RRGNTE o
5000 ppm BEREFER) AFGL, AELC 0N, a8l sutstigidd. grédips tHdreofpr ocess of claim 1 wherein

said CO oxidation netal is present in an anount no greater than 500 ppm
based on total catal yst weight.

21.  The process of claim 1 wherein there is no reduction in % selectivity to ethylene and

propylene compared to said process carried out in the absence of said CO oxidation metal.

22.  The process of claim 1 wherein said CO oxidation metal is present in an amount no

greater than 5% based on total catalyst weight.

23.  The process of claim 1 wherein said CO oxidation metal is present in an amount no

greater than 1% based on total catalyst weight.

24, The process of claim 1 wherein said CO oxidation metal is present in an amount no

greater than 5000 ppm based on total catalyst weight.

25.  The process of claim 1 wherein said CO oxidation metal is present in an amount no

greater than 500 ppm based on total catalyst weight.

26.  The process of claim 1 wherein said CO oxidation metal is present in an amount no



26. The process of claim| wherein said CO oxidation netal is present in an
anount no 07 JUL 2006 66 greater than 100 ppm based on total catal yst

wei ght. 27. The process of claim1 wherein said CO oxidation negaljul 2006
platinumand is present in an amount ranging from5 to 10000 ppm based on
total catalyst weight. 28. The process %f claiml wherein said CO oxidation
nmetal is platinumand is present in an gm)unt ranging from 100 to 5000 ppm
based on total catalyst weight. 29. The process of claiml wherein said CO

oxi dat i Ongéﬁﬁﬁlhaﬁﬁodﬁﬂﬁ%éé@oﬁr{&ai Sdy£¥eYht.i N an anmount rangi ng from 10000
to 50000 ppm based on total catalyst” weight. 30. The process of claim1l

wherein said CO oxidation nmetal is added to said process separately from
sai d nol egul ar si . roce i r el Woe .dation
retal 1o dhided ibSEeg SheiahLE oMeRiP SR £O Sodilh helB Rt S §E
process ohn amaunmrangifpeir@n 5 ts a0@D0@EPnobdsedibn tital wetabyist weightdded to sai d process
t hrough said reaction zone. 33. The process of claiml wherein said CO

oxidation netal is added to said catalyst by ion exchange. 34. The process

of clai m 3gwhergd frodest 8IMAIRIAT Wheref sarPOOlRidAHB meta isPatiHuR ARGs Phebdtith sai d
dense fluid phase of the El:%?enerat or. 35. The process of claim13, where the

di sper si oAn pmowit rafgingirem G0 x$Wamporbased en totadi qatalystiweighte system is between
0.01 to 0.7 HPt. 36. The process of claim 19, wherein the nol ecul ar sieve
catal yst conprises a ZSM4 or ZSM5 nol ecul ar sieve catal yst.

29.  The process of claim 1 wherein said CO oxidation metal is vanadium and is present in

an amount ranging from 10000 to 50000 ppm based on total catalyst weight.

30.  The process of claim 1 wherein said CO oxidation metal is added to said process

separately from said molecular sieve.

31.  The process of claim 1 wherein said CO oxidation metal is added to said process

through said regeneration zone.

32.  The process of claim 1 wherein said CO oxidation metal is added to said process

through said reaction zone.

33.  The process of claim 1 wherein said CO oxidation metal is added to said catalyst by ion

exchange.

34,  The process of claim 1 wherein a temperature of 500° to 750°C. is maintained within

said dense fluid phase of the regenerator.

35. The process of claim 13, where the dispersion level of said CO oxidation metal added
to the system is between 0.01 to 0.7 H:Pt.

36.  The process of claim 19, wherein the molecular sieve catalyst comprises a ZSM-4 or

ZSM-5 molecular sieve catalyst.





