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[ 0001] Thwopses®at i nvention relates to a nethod for reduecmgSozsgses at ure
differences within the regenerator of an oxygenate to ol efin process.
BACKGROUND COF THE | NVENTI ON [ 0002] Li gﬂt ol efins, defined herein as

et hyl ene, propyl ene, butylene and m xtures thereof, serve as feeds for the
production of nUREDPUGINGHEMBERATINREIRBIFERENCES WHEEHIN THEI cal |y, |ight
ol efins are pr rackin leum f eed f . the [imted
supply of comggﬁ&mb%‘éi@ @Fn‘gye(ggg&ﬁgrr 'gérél‘dﬁgﬁﬁgﬁﬂgg%ﬁrsoduce | ow
cost light olefins frompetroleumfeeds are limted. Efforts to devel op

| i ght ol efin production technol ogi es based on alternative feeds have

i ncreased. FGQIBOFATHE NYYENIMONt ype of alternate feed for the production of
light olefins 1s oxygenate, such as, for example, alcohols, particularly
net hanol an@98tlhanolThe pi¢sent inyentionrelates et mgthoddpredeqing fempgrageiey | et her
di met hyl cag.bonate, .and . nethyl forsmate. Mapy o hese oxygenates may be
pr oduced by‘il%g?eﬁﬁ?ft‘% m fhe rSgé/nfeF% o@ﬁfﬁ%@ag%ﬁé’ie%é?rﬁfgﬁ from natural gas,
petrol eum |iquids, carbonaceous materials, including coal, recycled

pl astics, NBACKEROUNGSOESTHRINYENT0OHaNi ¢ material. Because of the w de
vari ety of sources, alcohol, alcohol derivatives, and other oxygenates
have proni s@082] an dégieiéionl defingd-hoein o atylensopropelenerbutylegietand ef i n

producti on. 004], The cat al yst,s .used t rompt e the conversion of

by genat oo TOTGRLTHENOE SRe Brirean e aogydicait afyertss SBBEEHT e ot yl ene and
propyl ene atqlibe ARSHol SNty pRAE iRl ARG e BlodBbcb &&&‘éi on, research
has focused onlvvhsat ce(l)tyzilqystsy%re }ﬁnls%t sel ec%?\?e to e}?cﬁél ene and/ or

propyl ene, potchlam feedhddkscat@rofithechimésd supplshef donfpetiindpetsddume faeds,t y of t he
catal ysts to ethyl ene and/ or propylenpe. [0005] The conversi on of oxygenates
to ol efins *3@HBP%%%U%H%PB@B&%{%COSEQ%&B%@@ @ pRirolrAfeeEdke) on i he

mol ecul ar Sfil’ﬁﬁgd.Cﬁﬁ%yﬁtﬁvgﬁﬁﬂgﬁpol&% ﬁllo}flﬁ&iotnqgchnologies 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, dimethyl carbonate, and methyl
formate. Many of these oxygenates may be produced by fermentation, or from
synthesis gas derived from natural gas, petroleum liquids, carbonaceous materials,
including coal, recycled plastics, municipal wastes, or any 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
selective to ethylene and/or propylene, and on methods for increasing the life and
selectivity of the catalysts to ethylene and/or propylene.

[0005] The conversion of oxygenatés 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 of

t hese carbonaceous deposits will interfere with the catalyst's ability to
pronot e tWe o3es850 on. In order to avoid unwanted buil d- upcofuSovdms4on t he
nol ecul ar sieve catal yst, the oxygenate to olefin process incorporates a
second step conprising catal yst regeneration. During regeneration, the
coke is renoved fromthe catal yst by conbustion with oxygen, which

rest ores t heonyarsiginyrpeess édviey reopmptlationent dleesa bgrbonacFous depgetserilit ed cat al yst
then nmay be. reuse o catalyze..the conversion of oxygenates.to ol efins.

[ 0006] Typi Elﬁﬁr%e, Wg[;% e%ga:l%gt%lﬁblgfyetpi HHO@B‘W@? Eqa‘étﬂ'PnaﬁHXI%Ebté’r?é(P’é?ti on are
conduct ed i finlMeSERRALES & X8RS 88 ki mREuSUEL GRIRL B! odybek 01 QUYS! Y
wi thdrawn fromthe reaction vessel used for cornversionto a regeneration
vessel and proegs msrogtceatecascabyd step sompriting catalybtyregdnefativaviburinigom t he

regeneration vessel and  returned f10 the reaction vessel for conversion.
[0007] U. S. regsicaaitonngis cokse isrampist fom the cetalysidy combusiionrwilihpeigenr e

ncorporal Cunif Sl LRLRIEAESnAUARL ORR NPT ROMD. fhaiBd LR EL Y| SN

and propyl ene by ca conversion of oxygenate in a FZed bed

reaction prmagss reuskd wltatilyizkitiesonaistnyToxyeganetaslefns. [ 0008] Eur opean
Patent Application EP 1142639A1 discl oses a process for adding an active
source of al0808k ogenbiriwHyconpernto eleidn ednyetsidnand reganeratioraes  sol vent to
a non-zeolitic molecul ar sieve cat ti.c .particulate with l.ittle or no
reducti on !%orﬁ]u tF%BbWao_ VB?rﬁWefSS%p?h%F%}?dicﬁ%ﬁyﬁggﬁf)ﬁté’%ué’flw I mance i n
hydrocr acki fem tRétcabiidn vese Wadl B8corABidnSe HBEEFRtakifN vake MRy feedstocks to
provi de inproved lubricating oils. The hydrogenation conponent can be added

to the catwiystratehcatipstiibeontinfiowslbivithdliowndran ketrogeambmjinevedsel(dnd) conpl ex.
[ 0009] U.S. Pat%{;t Flo 4, 350, Gigqto Schwartz teaches the introduction of a
pl at i num gr GHBRSER AR FBEH VE&sce ILOYEFSIPR a f1 ui di zed catal ytic cracking

(FCC)  procgggyj N coiRi P@c&ﬁt%sv‘é,bﬁ?,,b%W@,il@@,zﬁ%g)omﬁ%%gm to the

regeneration zone to burn carbon monoxide€ in t e rather than
in the dil uineogphesel herdir be bafereacty disnips¢ methodnpepratuvisg ethflbes &t i al bet ween
the two phases, markedly K reducing the tenperature of the dilute phase
while only PoBylens By Rialiids epypisipr 9 @xygenate in a fluidized bed reaction process

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 oI no
reduction in micropore volume to provide improved catalytic performancueﬂin
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 combination 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.



tenperature of the dense phase. WO 03/059850 PCT/US02/39644 3 [0010] U.S.
Patent No. 4,072,600 to Schwartz and U.S. Patent No. 4,151,121 to d adrow
et al. prwoiodesmedi ti onal disclosures pertaining to the u®eTafSo2/pdead i num
group netal in CO oxidation in FCC units. The catal yst containing platinum
group netal used for carbon nonoxide burning in FCC can be used in the
presence of water and is highly active, such that an alum na support can be

used. [001110018] t he ¥ eyBaterENord. 26000 Sehwantz ansl YiSePrien{IFO) process, in

the absenc thon pr .Lf tal ., the oxidation of

car bonaceoug’lggéglog%fséawgﬁlipsmﬁ%és)f%) &rlg?%ﬁ%foflbref Bﬁ%@ﬁ%i‘?@‘?&ﬁe ?ﬁ CO to
Q2. As a rglatihim @fouptifetabin @ bxidafiéh intHTEC GRIRY §he caRlysf cdrfdidiRe CO2 1's not

al ways conplete within the | ower dense phase of the fluid be% regener at or.

When this rpladaumgrawounets! isad féreathoparonodideltuening meF C€lven bessedtini s a
tenperature,rise that. can egsi].y, exceed 1Q0C. This . phenonenon is

frequent |y PEPEFPRE Gy anaﬁ ]é%l&léfraﬁ‘il% _Sucg‘g&gﬁfeapmlﬂ,lrmnﬁéuppprgqg@ bgpper dilute
phase of a gggenerator can | ead to excessive tenperatures, causing damage
or potential failure of the regenerator vessels or other conponents

contai ned [00Lhji n t He thesgetesatof ARLA¢thMEv Yo oIS TD)ricein tHe pronote the

oxidation of COto C02. An exanple is the use of Pt or Pd in the catalytic
converter ofPSgifeiedrdsPmaustiongreneer meishdee edftionsf srdorrsoknown t o

catalyze reagblifiys b iald afiliyOloGhl 5naRthn U5 8D, RHER SR fgr 0genati on

or hydrocracKking reactions. Such reactions are

oxygenat es $lowel afd e BhAasss of €6 th ey, Waut ﬂ“@?y&ﬁnﬂet@iﬂﬂﬁﬁ RNowd the
yield of these light olefins. [0013] Accor di ngly, it would be useful to

provi de a pieveeBlase of thedliihbed wweerferater. Whemthisyepstian ecants intthavmieds or
o coml ot oyt Aere Pt S a RREELEIC du sef v eeeledofic i The denge.
B mary ol o e RGN A PP g AT e Bhby Y
PCT/ US02/ 39&k4e 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 olefins and

hydrogen, such as hydrogenation or hydrocracking reactions. Such reacti(;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.



4 SUMVARY OF THE | NVENTI ON [ 0014] The present invention solves the current
needs in the art by providing a nethod for converting a feed including an
oxygenat ewpme3asgsoduct including a |ight ol efin. The netircd/ush2/s9se4 pr esent
invention is conducted in a reactor apparatus. As used herein, the term
"reactor apparatus" refers to an appardtus which includes at |east a place
in which an oxygenate to olefin conversion reaction takes place. As
further used herein, the term"reaction zone" refers to the portion of a
react or appg;f i i :”.A“g‘- to ol efin conversion reaction
takes pl ace—=ah4d ‘ OHYD y with the term"reactor." Desirably,
the reactorjooqppar atT gréehtid@ntRn BREGS HREuACRG cc@dlin the 8% b¥ gﬁ?vic'ﬁﬁg a

di sengagi ng zone. The ™inlet zone" is the portion of the Feactor apparatus
i nt o whi ch 4 methodror waveting b feadeincludingad weggknatEite a'predct irchidige” is t he
portion of e ctor appa s in which, the feed js contacted with the
cat al yst un]ég}t Oi%ﬁdhg‘ﬁéﬁl\%ﬁ%{%g‘? PIFECT SR YegHOR ISCOppctedoiAf8# 49T porti on of

the feed i nﬁpﬁ)a?atdsi. gﬂtusgél ﬁéljeﬂl H{nglyﬁ:t’%cl; é’xﬁap'li) aﬁ%m SQ? aé %@S&ratui s the

portion of t'he reactor apparatus in e catalys any” addi ti onal
.solids in whiehisheiesht leae apipeiatbithfanwryphatdoaléfit ConveigRingaddiyn t he
reaction zone is positioned between the inlet zone and the di sengaging
zone. [ 0015fkasdagsr As Sither Hyadrheran, the feame'seacomzned afers té the pertiimg  an

olefin product froman. ox nat.e feedstock nprising: a),.contacting the
f eedst ock. i%uaa e?(é%rcefp or?tugc%%g’ \}\%_E}’ttﬁe gx%%letn_gﬁeﬁgf’féngr%Bﬂeﬁlﬁ@r‘?%uo Pa%’?ﬁ ecul ar
si eve havi nglagefrdnedsed @y BoBRRIUsROSitRTHE thim "Bactd?. OV ERIHIPAIndREGLy  UNder

conditions effective to convert the feedstock into an ol'efin product stream
conpri si ng @pacBischdfidess raaation@oheamivlal vonasde disenigngoy Zomeofihe he cat al yst
so as to pf.ovide a.carbon-containing catal yst; contacting at |east a
portion of tlﬂ]é?![ %%‘Fbgﬁﬁ%wﬁlﬁp H?h@ rg%ﬁt%'qyg@rag%fq{o éi"%?}bfgééé? ‘ﬁtgg}ﬁ“ﬁ"éf’di um
conpri Si Ng PXYAERA! Thé "fEQRMSORLT BhZREoL OFIRE kiR afpdrhty!

regenerator having a der?se fl Si d phase a%d a dil uteaﬁr u%igép Vf\flfsﬁgﬁ!under

condi ti ons thtfledtis ventdabedobitiaihe catalysy endr abwtiticatcdiegtite pavhivanthewher ei n t he
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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 1)
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 said
regener atwo ogasmbyst portion into said reaction zone; andPCE)USOEfEatL i ng
steps a)-c). [0016] In one enbodinent, _said difference in tenperature is no
greater than 50C, no greater than 200’5 or even no greater than 10C. [0017]
In anot her enbodi nent, the regenerated catal yst portion has less than 5.0
. % car bortiffersnes hetwensi the tenipseatureted thealilute phasa phdivadeopasatgtanishe s, or even
Iess than 1, wt. % car bonacag qalts [0018] In yet another errbodl ment ,
the car bon-4EB RAESS HdO&AE ?rﬁ"fn @s no less than 5 w. % carbonaceous
deposi ts, no |es§ithiRRcig \é&ld%%e%ﬁma&%@ﬁ pofRRA St ks8id r&ctieN $8nd?And €SS t han
1 wt. % carbonace6us deposits 0019] 1n still another enbodi nent, the CO
oxXi datl on net al d)@mlatmgstem) oe;l enment selected fromthe group consisting of
G oup VB, G.oup VIB, Goup | B, and g‘oup VIII nmetals. [0020] In another
enbodi ment , (09 Go&%o%erﬁﬁ?ddmep%sax}d@%f e dRjemnsEtEre i gisater Bapet al i s
selected fr f W said Goup VIIB netal
%U\tbélg%tg}l@#?w Bt %%r{% it t@(gn?g% e

is M, and sal méta mthe group consisting of
N, Ru, Rh[ob] Os Ih ﬁmotﬁél@nfﬂodnﬁ&ﬁ,&hl: rdg&nM@ted@E@Iy@E;ﬁorﬁdﬂibE@h le®fthan t he CO

oxi dati on et al rises Pt. [0022] In another enbodinment, the CO

oxi dat i on nﬁa@aMt% S Qt@é@pqsrdeaosﬂféarlﬁ‘q"s avP Mg “aperbsmaseons depesisngsicynn gr eat er

t han the di amsher ofrgee bEALE eni ngs of the nolecular sieve. [0023] In
still anot HEP BAbbAHRFTN aﬁ%o 8% ati on netal is added in the form of

pl ati num aggpydjacet qﬂ%teanoﬁﬁp&ﬁi)odlﬁleﬁtt ke cavt®n-conehineg caghadiasept . the

nol ecul ar sieve cataly has a pore dianeter of Iess than 5.0 Angstrons,
e. g, the nokscbiad mvembmwpaiwsltposmtsnmiemhamﬁ witdasirbomeeons| ecul ar si eve
framewor k-t ype .sel ect ed fr W(yo consi t|n of AEl , AFT, APC, ATN,
ATT, ATV, sifgy R VeRgo | an % %ﬁ@naﬁﬁﬁs ERI, GO0, KFI, LEV, LOv,

LTA,  MN, Ft,ﬁwa]PHl » 1R a%(é%&%é&%%ﬁé&t, tgﬁésgaégt%(ﬁ%etal 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 comprises Pt.
[0022] In another embodiment, the CO oxidation metal is added in a form
having an external 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, CH]I,
DAC, DDR, EDI, ERI, GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI, RHO,



6 ROG and THO. O her suitable nolecul ar sieves include those selected from
the group consisting of ZSM5, ZSM 4, erionite and chabazite, SAPO 34,
SAPO- 17, wBAROsIB8) MeAPSO and substituted groups thereof. PCOORS}/396m4 One
enbodi ment, the nol ecul ar sieve catal yét has a pore dianmeter of 5-10
Angstrons, e.g., the nolecular sieve catalyst conprises at |east one

nol ecul ar sieve framework-type selected fromthe group consisting of M-I,
MEL, MIW ROG andiTHOHBer RERbleARGecWlE sieveOclhadedhsssizslected timth teoups
thereof. [0026] In_.ano r i ment .of th roc f t resent
vent i on, Srwil cassudt PLESY-£oMH, Pat g B rerer arorr K28 o wor e
than + 5%t rried out in the absence of
said CO oxisjalt(?gtr%’ pn%f/%sw 0029?9%1%d§¥@?gﬁ§ﬁ%?her enbodi nent of the process
of the preqe02s]i nverit badembddiment, ile maesdauidvie@atalyst Rassepee tiaxtietey t 0

et hyl ene and propyl ene conpared to the sane gr ocess except for being
carried outofisnlG Abgsiegisne 8. dic malceulaaivyeicatlysbrompriicapt leporg] I n yet

anot her enhodi t . idation i e .in nt no
areater ¢ hateo sl B R AR AP AL s ALEOg ol oM HBE" CP s o
than | % basgevwoEUOLMITTS BIEY, FER, W NEL, JON, 4nd sabstied Bloupthafaat er t han

5000 ppm based on total catalyst weight, an anmpount no greater than 500 ppm
based on t d0836]cat allysnothgsiegitodiment ot paereanoiithe presery nsenton,tthean 100 ppm

based on tojal. .catalyst weight. [00 n still yet t her enbodi nment,
the CO oxi dsﬁie %W%yntgteﬁyﬁ?r? aﬁ‘pg’f‘?prﬂll ediﬁ%s })g nﬁ%ﬁn{mﬁn& 2??‘!021\% rangi ng
fromO0. 1 tQoARBINREEAEAHPBul AR atsdiRlor §hid W b&iahtiofmBta). t he CO
oxidation netal is platinumand Is present in an anount ranging from1l to
5000 ppm bdé@rjon t d still emdtiadrestbodinagidvf the @aRBYs dfrthy ptesanatveatiorerbodi ment ,

the CO oxidation netal . is yanadi um and f's prdesent in an anpunt ranging
from 5000 ttBeredRRDEIPGIANAE e Fgleqti Vit pihyleae gnd propglgamcqmpratehiodhepm based on

oLl cat o o coh 0 B ORISR ECREgoRRY O
separ at el y rhétaim sai d catal yst. WD 03/ 059850 PCT/ US02/ 39644
[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.



7 [0032] In another enbodi ment, the CO oxidation netal is added to the
process through the regeneration zone. [0033] In still another enbodi nent,
t he CO oxwoaBiosassmetal is added to the process through tir€eTriSazsdsen zone.
[0034] In yet another enbodi nent, the oxidation netal is added to the
catal yst by ion exchange. [0035] In another enbodinent, a tenperature of
5000 to 750C is maintained wthin the dense fluid phase of the

regener at or [0033b36] Inypngther pmbedimeat therfElo oxidation metpé istiddpdtasthon | evel of

the CO oxid "I to noderate", defined for Pt as HPt ratio
of 0.1to 08%)%ﬁﬁﬂgggﬁgﬁﬁ§ O%prWE DRAMVNGS [0037] Figure 1 depicts a
react or appgio3B}s C%&Elll%hﬁﬂleﬁelﬁb&ﬁm\éﬁﬂ aridy ofdd!aliu% me&disMdhby ﬁ%g' yst

recircul ation, and a regenerator for use in the oxygenate to ol e
process of pN@ﬁpﬁb@eﬂnﬂwmmﬂmpn@mm [ 0038] Flgure 2 depicts a profile of

tenperature neasur e I he e tor head and regenerator bed
of an oxygel‘@égf ﬁlé’iﬁf ‘?‘P(}t W%Pd‘éﬂiﬁ?ér é‘? gg’ oxigatiopyaetalys adried tofheco

oxi dation nglg gstod&%ﬁ‘b ecat alyst. [0039] Figure 3 depicts a profile of
t enperature over tlne eactor. nmeasured at the regenerator head and

r egener at or [(886] of annmmgembmimemohesfmperatmeafftsooe tol 730t & inGaege of CO
oxi dation netal -containin cat aI st. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Mol ecul ar  SPEth éﬁ%flséélﬂléﬁg FESPCRBO40] Mol ecul ar si eves have vari ous

chem cal an sic haracteri sti i.eves have
been wel | ﬂgss fle?hSUIaﬁ&% rucdﬁﬁéﬁ %%§%PS§F) ‘?N?hﬁ(ﬁh Efﬁonal
Zeol i te Assogiahid tpcsw&s:ﬁl@aam@g, defintdfor PebeE M frattd6r 0.1 WPAE Comﬂ ssion on
Zeolite Nonencl ature. A franework-type describes the connectivity,

topol ogy, of the tetrahedrally coordinated atoms constituting the

f ramewor Kk, ARY: "%ﬁf?ﬁEIﬁQAﬁhkkﬂf specific properties for those

WO 03/ 059858 2>
[0037] Figure 1 depicts 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 olefin

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



materials. Framework-type zeolite and zeolite-type nol ecul ar sieves for
which a structure has been established, are assigned a three letter code
and are dwewsiokssoin the Atlas of Zeolite Framework Type®CTAiSh2/adit4 i on,

El sevier, London, England (2001), which is herein fully incorporated by
reference. [0041] Non-liniting exanpl €8 of these nolecul ar sieves are the
smal | pore nol ecul ar sieves, AEl, AFT, APC, ATN, ATT, ATV, AWN BI K, CAS,
CHA, CH ; nRA&ialDORanEBlork-BRE zediDOandKEdo)itd-Fye niolhtuldr FiayesMONwhiRAlW, PHI |

RHO, ROG, THO, and ubstituted fornms thereo e dlum ore Jecular

si eves, AFGuggreh %@’ F‘E@hs hagRareygesignagr t ?‘Iﬁﬁﬂlwer ‘éﬁ‘fﬁbe Wostituted

forms thereg %Aﬂgpg'ft%&%té HEaRAL %qg'ﬁﬁ%hﬁl SEI%%!\ﬁénL éﬁ%\@nd

substi t ut e or ms ereo ecul ar sieves inc BEA, CFI,

CLO, DON, (20@&), ‘vilchlé\dEd?eml‘fm; inbb¥po Al t5QRferddma: | 1 mi ti ng exanpl es of t he
preferred nol ecul ar sieves, particularly for converting an oxygenate

cont ai ni ng [004ddst od¥onilimiinglesamples pf thessonolgeularyieveame thgpmall polg.  EDI,  FAU,

e oo R Y, M Ay TNty Gl leyane el e oo

CHA topol qgyy, pKC %DR”PDTQSMOGO@Q{HOLEVHDQN P/, aneRl PAW, EHA t opol ogy.
[0042] Mol ecular sieve materials al have’ 3-di mensi onal, four-connect ed

f ramewor k RHOcROGs T310.cod sabstishied fomgSﬂ@eqfeiﬂlﬁ atediima porstrerlecutari s any
tetrahedral ly coordjnpat catl These ey are typically
descri bed iWVF%ﬁ6%B€£80 ﬁ%@ogﬁRt F@NI\W W@@ EF@ ore, where the
size 1S basgufiel RinBUAbEss 8l the 1860 BBrenyitdifr /i, EMATADT glgevor k-t ype
characteristics i nclude the’arrange rings that forma cage, and

when pr eserdubstithied domthéerest. @thahaolkeealls:, smmsi irtchele APACBEADEFIWHIO he cages.
See van Bekku et al., Introduction to Zeolite Scjence and Practice,

Second ConpPeNeGJS.Reli-MERaMOREM U @ad SOL-i dien-lymitingsxamples offkges 1- 67,
El sevi er Sci gt%?rgd rr%lec‘ularpﬁ% e %%ng@?%&%%h@?@?%%a énaté 9&4%111n he 5”.3' K

medi um and 1" arge pore nolecufrar si 12-ring or

greater fr %&Mquﬁ%%eﬁﬂ(@ chde SN, & & BEX] i CHA] EDL, mUZFEER ,IGIS¢ nol ecul ar
sieves have 8-, 10- or 12- ring structures or Iarg) and an average pore

size in t hd FANGELAYIER: MﬁIaM&R MAT: MWW, AAM and fENyd@ong pesterreded WO

037059850 PCT/ lﬁllsrggrllt?’t%e 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 corner-sharing TO, tetrahedra, where T is any tetgiahedrally
coordinated cation. These molecular sieves are typically described in term’s 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 small, 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



9 enbodi nent, the nol ecular sieves of the invention, preferably

sili coal um nophosphate nol ecul ar sieves have 8- rings and an average pore
size | eswotohasesabout 5A, preferably in the range of frompP8AVUSe2asauUt 5A,
nore preferably from 3A to about 4.5A, and nost preferably from3.5A to
about 4.2A. [0044] Mol ecul ar sieves, Sarti cularly zeolitic and
zeolitic-type nolecul ar sieves, preferably have a nol ecul ar franmework of
one, pr ef erabodimens, e nmieatlar smvaset the irvientgor], pftrablyt r ahedral units, nore
preferably, .ftwo. or. re [S04]1 Al104] angd/or [P tetrahedral units, and
nmost pr ef erS{AFYTE0RR0PP %&a@&}ecaw SIeYS Y CRRHOA R S B PEs e 51 | con,

al um num u : I i containin
ajd tHBPé&ﬂPS%h@gWQ in ﬁ‘%gi‘rggﬁ o@ﬁ%)fﬂ SN &S AR SK?hf%ke g9

silicon, alum num and ous cul ar sieves have been

descri bed imefietbdy fromrd Atonaboats. 5By bid mastippefsrabhycrord 30 td abouekaipl e, U. S.
Patent No. 4,567,029 (MeAPO where Me is My, .M, Zn, or Co), U.S. Patent
No: 4, 440, sif844lsapoMoleeilasaenesmartisiariimsplitaridsoltic-tyns meloculgs ( ELAPSO

where El is. Cr i i aor_Zn), U. S
Pt ent No 0Bty S A olefar e ofpne, MMty o i),
4,744, 885 (i 3@irinddA 0N Rurhb&ir Amitndore prefeldBlye Bio Momofb [@3(54,(]:,(2)16 (ZnAPSO,
EP- A-0 161 489 (CoAPSO, EP-A-O 158 976 (ELAPO where EL is , Fe, My,

M1, Ti or ZA)O,Jang/or B0 dretrakledralingtspantnpostareeraply (B0 A [\ 10581850 ( SENAPSO) ,
U S. Patent 4,973, 460 ( 'Aps%bnu S.. Pat en 5 (Li APQ), . U.S.

Pat ent No. W{Egbtﬁ 3cgiral apikpgHjese ﬁé‘l"é‘r‘i‘%‘%‘.‘& m%@&@g%ﬁqu, u.s.

Patent No. pofdefiarddeves BRIl c&htginir%astﬂ%h Mamirttnd 264 %ﬁgﬁ&ﬁ&%@éd U.S.
Pat ents Nos. 4,759,919, and 4,851,106 (CrAPO, U S. Patents Nos. 4,758,419,

4,882, 038, mokBdaddé eahdvehetiiBled@ibed MyddS0n, nutheBousRatbtivatidNe inclydutd, 143
(FeAPO), U.S. Patent No. 4,894, 213 (ASAP U.S. Patent. No. 4,913,888
(AsAPO), U.fsr e’ﬁé%réﬁt‘ésr\ié%t.enﬁ\?%é’é%é)%? (M,eg%? yhere densMggdngsn of vhAPSO)

U S. Patent 0 gﬁg‘ﬁp , St Nt

4,737, 353 ?@?ﬁ%&eﬁﬁﬁ& ‘%’é‘éﬁgﬂlt ?%o 4?%8%%@5%5@8%“@6%%%% s Nos.
4,801, 309, 624, (EBAPSUIwane B1iBR6, BB, (T AR Gel F& LiRdpens TNeSZn)4, 500, 651,

4,551,236 and 4, 605,492 (Ti APO), U S. Patents No. 4, 824 554 4, 744,970
(CoAPSO), UJS: Patpaithons. Nt 148, Fe5PODE) S RARsoNoERSA2.478 936821 7 QAPSO, wher e

Qis 4,744,885 (FeAPSO), EP-A-0 158 975 and U.S. Patent No. 4,935,216 (ZnAPSO,
EP-A-0 161 489 (CoAPSO), EP-A-0 158 976 (ELAPO, where EL is Co, Fe, Mg,
Mn, Ti or Zn), U.S. Patent No. 4,310,440 (AIPO,), EP-A-0 158 350 (SENAPSO),
U.S. Patent No. 4,973,460 (LiAPSO), U.S. Patent No. 4,789,535 (LiAPQO), .U.S.
Patent No. 4,992,250 (GeAPSO), U.S. Patent No. 4,888,167 (GeAPO), US
Patent No. 5,057,295 (BAPSO), U.S. Patent No. 4,738,837 (CrAPSO), U.S.
Patents Nos. 4,759,919, and 4,851,106 (CrAPO), U.S. Patents Nos. 4,758,419,
4,882,038, 5,434,326 and 5,478,787 (MgAPSO), U.S. Patent No. 4,554,143
(FeAPO), U.S. Patent No. 4,894,213 (AsAPSO), U.S. Patent No. 4,913,888
(AsAPO), U.S. Patents Nos. 4,686,092, 4,846,956 and 4,793,833 (MnAPSO),
U.S. Patents Nos. 5,345,011 and 6,156,931 (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 (TiAPSO), U.S. Patents Nos. 4,500,651, 4,551,236 énd
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



WD 03/ 059850 PCT/ US02/ 39644 10 framework oxide unit [Q02]), as well as

U S. Patents Nos. 4,567,029, 4,686,093, 4,781,814, 4,793,984, 4,801, 364,
4,853, 19 W04H303985876, 4,952,384, 4,956,164, 4,956,165, 4PETAISEB8M644
5,241,093, 5,493,066 and 5, 675, 050, alb of which are herein fully

i ncorporated by reference. [0045] O hé? nol ecul ar si eves include those
described in EP-0 888 187 Bl (mcroporous crystalline nmetall ophosphates,
SAPO4 (Ul Ofignpyotl &idePatiei?Olo as wellee 4. 8IBitdnirodNes ¢ 347 .08Pe4:68@AB.an al kal i ne

earth netal) a n i 9/ H1 i led February
24, 2000 (f ﬂ@égﬂiw"e@%h@?g ‘é@ﬁ? 4;%5% k%?s 4 9}2@78'0 %%5%/% éf%éié %0 publ i shed
Sept enber ( r 4By ro<yl ost ak,
Handbook ofz 9%$§%u ,5'7%7 rér\s/éggpb%%rr? /II\%S(% r ang%l'gl Onsﬁ)o?ly,@mg%ﬁq{)%, %ew Yor k
(1992), whidly 1&6@paﬂatedh§rrefefenf;ell ly incor por ated by reference. [0046] The
nore preferred silicon, alum num and/or g}pos or ous contain nmol ecul ar

si eves, antPM4Blini nuRihepmokasHisr sigees 1aplde 13111'?)edslpIEPCQ)ﬁ88 é%ﬂBél ni ng

mol ecul ar sj eves |ncIu ] I d
si licoal unfrﬁgﬁ(l)ﬂpo%%é;tryes a?%%ﬂﬁggaw%ﬁﬁ%% Sievé E ?ﬁ%tpl%g u? Ye;r 2?er ably
metal  subspigoused (molebliadich cMH@nHtaEaY barth ﬁle@mes S. PagniAgpliqatieher r ed

nol ecul ar sieves are SAPO nol ecul ar si eves, and netal substituted SAPO
mol ecul ar  Sevald¥o. 00/514:943 filtesdf abewrry 2¢R00Agmederated hydra¢azbor caret al  of G oup

of the PoFrgarl BapNO O s abaEReEsadiubed i bt ade 1 1 p

i ncl uding tigeculARENS mqs Sio%ﬁkhﬁéﬂﬂpoofé%fMMBcuﬁES&%@QWHn‘NBsu‘aﬁ@dym um
samari um europi um ‘gadolinium terbium dysprosium holmum erbium

thulium  Reirhohi, NewaYiork] NewtYarky(19920, wglualn diewthbereiy fullyi inoerpératedébyPer i odi ¢
Table of Elenents, a transition netal of Goups IVB, VB, VIB, VIIB, VIIIB,
and | B of {H&fn®ariodic Table of El ements, or mxtures of any of t hese

T, SheCkBR P R O Rl e Bl ESl g o
and m xtur Q’iolédﬁﬁr%&fves hitd slosiiden, phpssHoesuseshdeopiodaliyesiticort, besginirgt al at ons
di scussed above are inserted into the

molecular sieves include alummophosphate (ALPO) molecular sieves and

silicoaluminophosphate (SAPO) 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 Grqug IA 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 [MeO,], and



framewor k of a nol ecul ar sieve through a tetrahedral unit, such as [ MeO02],
and WD 03/ 059850 PCT/ US02/ 39644 11 carry a net charge dependi ng on the

val ence swetog/os#85¢ he netal substituent. For exanple, in ece/Sohagisent,
when the netal substituent has a val enﬂe state of +2, +3, +4, +5, or +6,
the net charge of the tetrahedral unit'ls between -2 and +2. [0047] In one
enbodi nent, the nol ecul ar sieve, as described in nmany of the U S. Patents
ment i oned a‘t’&‘ﬁ‘i)’eﬁ net harge dencading @nile Yﬂ@n@mtwﬁfa{e ntertﬁiﬁuhsatueoh Bor anhydrous

b R t te ng agent,
pfz:‘ Zr abl y an eg?n‘%e er{w@%@%@r Waérg g el P%lt‘t“ﬂg%ﬁ gn‘i?fs%?"}e%z gf gR per
mol e of (MXA, M—BZ%%r%dtH@neh 0@ dﬁh@%trﬁﬁ%l%nﬁﬂs @etw@é@fférﬂlﬁhy 0 to 0.5,

and nost preferably fromO to O. X, Yy, and z represent e nole fraction
of Al, P ar{QOMIas tdnloahenhbadlrmmi thesmolshelnesidte, s dascriteddah nslyeftigd from one
of Group IAié EA{{S l11B, VB, VB, VIB, VIIB, VIIIB and Lant hani de's of
the Peri odi &-STHH ’étsé?en@PB‘ﬁjefrhoé’e is FepreseRisf $y the empigiealdematlafanam one of t he
group consighifQuobad. O, Cu, Fe, Ga, G, My, M, Ni, Sn, Ti, Zn and Zr.
In an enbodinent, mis greater than or equal to 0.2, and X, Y and z are
greater than or equal to 0.01. [O0048hRiM ANPLITST enbodr rrent mis greater
than 0.1 to about 1, x is greater than O to about 0. 25, y is in the range
of from 0. 4Vkeip Borepgsgnts aflgast ane eplatingeagont, prefasablp an6rgapic0. 5, nor e

preferably s from0.01 romO0.4 to
0.5, and z F%l UL%?{%% rg %‘E}S %lggg“%%o OIRE)R iPiet ﬁoﬁfgo@éﬁ’b%é@ 6‘?‘{ BAPO and
ALPO ol ecWagt valve\Rsin Ofto f Yfefetdbhetd 08, AdiGhyd SraB8bi9 frdn 094Bisnat i on of
SAPO- 5, SAPO- 8, SAPO- 11, SAPO- 1 SAPC 17, SAPO- 18, “SAPO- 20, “SAPO- 31,

SAPO 34, SAPERGE rersART the molahmtion df ASAPGAY] asSaRhedt] oSAROWRre IBAPO- 44

U S. Patent No, .6,.16 15 O 4 AP 5. ALPO- 11, ALPO 18,
(AL PO 31, ALlPBIERLS élﬁi’.‘é@f@a ng BT rgyp {158 I%?ﬁgnm%r VBB ng
nol ecul ar sygMe [ I | ecul ar si eves
i ncl ude one or ?iﬁg&%‘;ﬁ?ﬁ@%ﬁ@%ﬁ%@%@&%ﬁ%@%@i b r%%égggl fggAPO 44,

SAPC- 56, AlsPiecttd fimmtord ¢iTh&droup consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni,

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.

[0048] In another embodiment, m is greater than 0.1 to about 1, X is greater
than 0 to about 0.25, y is in the range of from 0.4 to 0.5, and z 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,y is
from 0.4 to 0.5, and z is from 0.3 to 0.5. N
[0049] Non-limiting examples of SAPO and ALPO molecular sieves of the
invention include one or a combination of SAPO-5, SAPO-8, SAPO-1 1, SAPO-
16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,
SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44 (U.S. Patent No. 6,162,415),
SAPO-47, SAPO-56, ALPO-5, ALPO-11, ALPO-18, ALPO-31, ALPO-34,
ALPO-36, ALPO-37, ALPO-46, and metal containing molecular sieves thereof.
The more preferred zeolite-type molecular sieves include one or a combination of
SAPO-18, SAPO-34, SAPO-35, SAPO-44, SAPO-56, ALPO-18 and ALPO-34,
even more preferably one or a combination of SAPO-18, SAPO-34, ALPO-34 and

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



even nore preferably one or a conbination of SAPO 18, SAPO 34, ALPO 34 and
ALPO- 18, and netal containing nol ecul ar sieves thereof, and nost preferably
one WD 03w039858s5PCT/ US02/ 39644 12 or a conbi nati on of SRPODAB42/398a4 ALPO 1
8, and netal containing nolecular sieves thereof. [0050] In an enbodi nent,
the nol ecul ar sieve is an intergrowth'laaterial having two or nore distinct
phases of crystalline structures within one nolecular sieve conposition.

| n parti culoas combinetigt of$ AP Oelldeamd| AlrP@418yasl raetal chasaininpedblecqularhe U. S.

Pat ent Application Serial No. 09/924,016 filed August 7, 2001 and PCT WO
98/ 15496 palsresthegofapri|l 16, 1998, both of which are herein fully

| noor porat Sy . ChELORS b NRL AL BIIANL TN ik B PLERMRT o1 eve

conpri ses t one r Own ranewor k-t ypes.

For exanpl %aviﬁ%lfj% &)Bmore%aﬁclgh@dasio 418nb sivect@ds Mihird srmBMBEHat ype, and
SAPO- 34 has a framewor k-type. Ml ecular Sieve Synthesis [0051] The

synt hesi s sfeverobrapesition. sihepagiculas, m@w@?\fﬂmdenulﬁmwe@farq drscrifedfin ﬂ@nces

di scussed v ner.al | V, Si z

hydr ot her nirgcﬁ%‘?[ leﬁgi‘%&?rﬁl @%%43% e% u§u§§n?§® e[pq,ﬁ#{ um a
source of ggNBIGNRENIEed Apﬁpm q©9g>fboa1 o KRBk aft HetlIR haly iRBorpSatid byand a
metal containing = compound. Typically, a conbination of sources of silicon,

al um num ameferep&:ﬂ)slprwotbns¢mb<pmmanatheynwlmlﬂarcsme@0mpus@ dtdempti aei ng agent s

and/ or one or nore Lnin ounds ce seal ed
pressure vadgEroOwy QSSHEN-:; ‘ﬁh{ﬁj n&ntYP‘F?er OrSFg'gP céj"%h@h&

pol ytetraf | y4gs, li%r]Fc t C essure and
t enper at ur €, u(%ﬁ?:ﬁ}{gﬁgfw VQ%gA%tﬁea#ﬁgﬁk g’pfeogrlr}r;dlseéd@i) 3?Ha'ts%én:r%%ecovered by
filtration fra@[@mk—tmatl on and/ or decanting. [0052] In a preferred

enbodi ment the nol ecul ar sieves are synthesized by formng a reaction
product of Moleelarcseyss Syithgsison, a source of al uminum a source of

phosphor OUseed, O O3 Sy IR A0 BASLes RUELERL Ry poFAGEN contai ni ng

organlcte e Oor nore neric hi s
parti cul ar Ip¥ferept&f @§dusstdepbadi G&&Ealryeﬁuldcﬁlat ﬁevég&r@m&ﬁe@ﬁ:b@ bpthea

si |l i coal um nophosphat e
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, optionally -
lined with an inert plastic such as polytetrafluoroethylene, and heated, under 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
preferred embodiment results in the synthesis of a silicoaluminophosphate

crystalline material that is then isolated by filtration, centrifugation and/or

decanting.



crystalline material that is then isolated by filtration, centrifugation
and/ or decanting. WO 03/059850 PCT/ US02/ 39644 13 [0053] Non-limting
exanpl es wb 0gjob4sson sources include a silicates, funed siPCIramsp2/swns

exanpl e, Aerosil-200 avail able from Degussa Inc., New York, New York, and
CAB-O-SIL M5, silicon conpounds such tetraal kyl orthosilicates, for
exanple, tetranethyl orthosilicate (TMOS) and tetraethylorthosilicate
(TECS), cdOPB3]dal SNan-limdingrexampkes 0f sitiospausies nelideer sladatesf fmedx anpl e

Ludox- HS- 40.sol . avai l.abl e f. E. I Pont de rs,., Wl m ngton,

Del awar e, sslﬂ?(?acfocf CXRPRC: %fPﬁlL'gﬁb ?ﬁéﬁ@i’g e \és,sag‘l?ecm?"’ g@ﬁ%ilﬁl?éi‘_fi on ther eof .
The prefer r‘?@fﬁé% CEBRD-SIL M-@?Elli(ﬁbr?c&n?ddnhg &uch b tet{ag frortRfichiedl t1ng

exanpl es of al um num sources I nclude al um num contal ning conpositions such
as al um nunfoakdamilelesiranieiiy] @xthoyilieata{ TMON) and iesaghppakbdicat@f TROSIIM

phosphat e, al um num hydroxi de, sodium al um nate, pseudo-boehmte, gibbsite
and al uni nuidledaksiliensionaquesps syspersinnsithereolofos exaraple dudox-NS#@sdr red sour ce

O B a8 Sl PO fe RO WhRhho BB RARTUERY.

.a
si | i coal umnop € ‘nol ecular "sreve. gxarrpl es of

phosphor ousallgiimessilivdé, ©h affYodbimatiorn hetedfleTIR poT-REAGRBE 8f M
phosphor ous conposi tions, include phosphorous- containing, inorganic or

organi ¢, cofpeBiceiselns such as phosphoric acid, organic phosphates such as
triethyl p ate, .and.crystalline or anorphous al yum ngphposphates such as
ALPO4, phogg_ﬁ%nous &Wﬂg?lt%tg_eém{%ﬁﬁf?lBﬂ’én‘{“Eéqué?ﬁs.lnch"rl?f‘FeﬁgﬁnWr ed source of
phosphor Ou%ohﬁairﬁﬂgé&ﬂﬁlfsitﬁ)gg%&y asPithinf Akd AR exegﬁ%ag Yfin

si | i coal um nophosphate. [0056] Tenplating agents are eneraf;!\m?/I conmpounds
t hat cont aiisoprbpoxide, sluofinuntpboyphita, dbminen Padroxidé,sodiahl sluminatd, enent s,

particularly njtyogen, osphorus, . arsenic and anti nony, nore preferably
ni trogen orI}/SE‘i‘d%' tﬁsggl?ﬁﬂ@ ai‘?‘éé‘fum‘BP‘é‘ftQPlﬁB‘P‘}ﬁa AT ePorpERPiDAtipsE Biercofenpl at i ng

SOETLS, of BTN kb Ol S STEORA, YRIRRILALD 11 12

to 10 car barsikdoaimninepidspirnempleefiar sibbey from 1 to 8 carbon
[0055] Non-limiting examples of phosphorous sources, which may also
include aluminum-containing phosphorous compositions, include 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 thereof.
The preferred source of phosphorous is phosphoric acid, particularly wher;‘
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 ary! 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 agents are nitrogen-containing compounds such

as amines and quaternary ammonium compounds.



atons. The preferred tenplating agents are nitrogen-contai ni ng conpounds
such as am nes and quaternary ammoni um conpounds. WO 03/ 059850

PCT/ US02/\808445983¢1 [ 0057] The quaternary anmoni um conpounaST/uisn2/aases
enbodi ment, are represented by the general fornula RAN+, where each Ris
hydrogen or a hydrocarbyl or substitided hydr ocar byl group, preferably an
al kyl group or an aryl group having from1l to 10 carbon atons. In one
enbodi ment [00SAE t enPheajuangnarggmnicniim comgeuralsciarne ratbodiment, acme or nore
guat er nary anmoni um conmpoun and . one or nore of a nono-, di- or tri-

d
ani ne. [ 00B®TestRiad by Fhetgeﬁgralefe%bhaé@%fw]ﬂ%ﬁﬂ%R KPR Rncl ude t et r aal kyl

compounds TREPGa A S5 HEl R ideTot SRR e brek ity 38 o) EREREN o870 Ui ng
sal ts ther gfup hheinb FHHOPYD 1AEATEH AtBInkNT il dtgbctmbs, theesmsibtingand

t et rabut yl ammoni um i ncl udi ng salts thereof, cyclohexylam ne, norpholine,

di - n- propggeats ineludOPAYmbinatign ofsyleminmse quatb@ptyyAramPHEI(CPERPLNA(S)

tri et hanol anaone, fg‘lmge“ di ne, dcycltohex%:qam ne, 2-nethyl pyridine,

N, N- di et h§FFb¥HSA N Q& @ MQIRE I8 Bty B anol ani ne, di cycl ohexyl ani ne,

N, N- di et hyjoaganol Rph MenitifdHlabipes oftbplnih iAW iREIRGS REhARY]

1, 4-di azaprcyc 0(2,2,2) oétI%e, . %ﬁs ON' ,Iﬁt)l\l-jt%?ér amelt hyl - (1, 6) hexanedi am ne,
N- et hyl di emhandinaodmpounis ireiuijnge edth threodceliviciess thirapt¢thyllammoempemi di ne,

3- et hyl - pi peri di ne, N nethyl cycl ohex m ne, .3- et hyl pyr.i di ne, 4-

met hy! - pyr FmRRInds inchisting it dherqqly tgﬂ?%@f Wﬂﬁlﬂm&ogﬁ’%‘?‘éﬁe&d 1822, 2) octane
ion; di-n.hut } SRV TR [ kne, isopropylam ne,
t-butyl - aﬁlﬁﬁet?{érgﬁ%%gﬁfggﬁam née{%lﬂ{pyfgglgﬂﬁgisﬁ%%an t -1 m dazol i done. 0O[ 059]
The pr ef er i@@blgphasiing iagedihg sdlisttRerpdRtrolblsexglatrthd, aviryhaimapdiinm
conpound, such as tetraethyl ammonium hydroxide (TEACH), tetraethyl

ammoni um pheoykatiee (PRA), dearapylammepticthyilamios ( Taa), tiehnlamiPe. ammoni um

brom de, tetraethyl ampnium chlori r j etate. The
nost pr ef ep}pgggpg%C%e%agbngh 'nllegﬂytqéfr?}ig&’ E@ﬁ‘“ﬁgﬁ%ﬁabﬁﬁn&r%%@ € and salts
t hereof , pafdiygsthaldlaminbanicRIdEkabmntheaNV i odl MiHaneiahasp Baflige 10! ecul ar

si eve. I n one enbodi nent, a conbination of two or nore of ang of the above
t enpl at i ngN,N'-dimethylpiperazine, 1,4-diazabicyclo(2,2,2)octane, N', N',N,N-tetramethyl

(1,6)hexanediamine, 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-bg_t}{l—
amine, ethylenediamine, pyrrolidine, and 2-imidazolidone.

[0059] The preferred templating agent or template is a tetracthylammonium
compound, such as tetracthyl ammonium hydroxide (TEAOH), tetraethyl
ammonium phosphate, tetraethyl ammonium fluoride, tetraethyl ammonium
bromide, tetraecthyl ammonium chloride and tetracthyl ammonium acetate. The
most preferred templating agent is tetraecthyl 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-, alﬁminum—, and

phosphorous- source, and a polymeric base.



agents is used in conbination with one or nore of a silicon-, alum num,
and phosphorous- source, and a polyneric base. WO 03/059850 PCT/ US02/ 39644
15 [ 0060]wWPeBysssl c bases, especially polyneric bases thatrcarisoystdeubl e or
non- ionic, useful in the invention, those having a pH sufficient to
control the pH desired for synthesi zia’l:?g a given nol ecul ar sieve,
especially a SAPO nol ecular sieve. In a preferred enbodi nent, the

pol ymeri ¢’ HA9&]i s s&olisrasicdraseshespseiplnpelymerip besesitlat arsrsolubdé o nque ef er abl y

t he pol yner.ic. basg, i s a.non-.i oni c.and sol ubl . ri c _bage, ~.and nost
pref erabl y 'PH& lbsgﬁl}ﬁ%%eén@gggn’ia? g“oﬁ%ﬁiiyﬁ%gr?eﬁisﬁﬁ’r%é%q‘f co Zﬁ'@rP&gdi nent, the
pol ymeri ¢ heggedfor by1RhdstgA b8 RRTeRlR Heb &l e3FbcRANSCHEPOTRILIAN,

preferably water, fromgreater than 7 to about 147 nore preferably from
about 8 t o sayeuin 4 preferost enphastimerbiby pblyoreriatbasd is Qohublelot thd fflGhErid N anot her

enbodi nent,, t he non-vol atj | I ric. hase is represented by the fornmnul a:
(R-NH) x, WHEFRISORONRIICS rge%mg?éf WY@%W Eﬁé}oindog‘ﬁﬁflfl S%ﬁbﬁeeyR cont ai ns
from1lto 0] .atQ nor e
b of er abl y HERSRARE 8o pRIGHAD e poi bk, B8e 10 SALRGR, pRETRY ")

carbon at onmie exabodingnt,ithé paiemefic baseloftiee inOhtRAGas h pHORGneghadsm™ent, Ris a
linear, branched, or cycli cﬁpol ymer, nononeric, chain, preferably a |linear
pol yner chaPHtiopapistrbly water fram greatesihsnr tarbew. 14 moeprefeomatiy Gomer

enbodi ment , ,t hes pol y ey %gogfﬁg?e%%l?ﬁ‘ﬁg{/ae%uﬂ%ﬁff?' e polynmeric base,

preferably T nan aqueous it er enbodi ment, the

pol ymeric lese1]i s alpahomdrtylteRin@mans H@{-vblﬁmre%gﬁ&&{bt&@em the follow ng
general formula: (-NHCH2CH2-), n[-N(CH2CH2NH2) CH2CH2 ] n), wherein in is from

10 to 20, OGQPreS@Fﬁd by the frmua: OR{NH_R,, Obas (RiNfeis alpoiynerwror mdnoni2fie0. [ 0063]
e R S ST LSRR, L e on e, 2ver aoe
000 Sk S0 ot SRR AR AT SIRTIPY ),
anot her entvediomafrins; xheambiteger ool ©f 50000 Mbm one¢mbodimett, Bfis & li@ear,

branched, or cyclic 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: N

(-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



pol ynmeric base of the invention, containing one basic group, to the
tenplating agent(s) is less than 20, preferably less than 12, nore

pr ef er ablwoloa®ssshan 10, even WO 03/ 059850 PCT/ US02/ 39644 PCTAISNDBIS44
preferably I ess than 8, still even nore preferably |ess than 5, and nost
preferably | ess than 4. [0065] Non-Ii m& i ng exanpl es of polymer bases

i ncl ude: epichlorohydrin nodified pol yet hyl eni m ne, ethoxyl ated

pol yet hyl erherierpacferablyyipssahad &stitlienen morepricfezatdy eds thae 5s afdDABstAM n) ,

poly(allylam ne CH2 2NH2) ] 11,

pol y(1, 2- diﬂﬁﬁfg%lél,eft%{éﬂ_{net hyl qui nol i ne), and pol y(di met hyl ani ne- co-

epi chl or ohygpé4)- co- [T : : | frent the

i nvention %/[s I'rect eddPl %ll(h)lﬁgﬁlgrse? El%(}g%% (())?p élgg‘%?h%sg???ﬁ‘g&g%ﬁ%ﬁ%e%ﬁ?‘gﬁsi eve
utilizing anddifipd pblyertyylegieninhe, ethicsfyutabpoly«hyledigam, polybsspplenirhing agent such
as an organj.c am ne, ~an ammoni um salt and/or an__ammoni um hydroxi de, in

conbi nat i orfligipig dsngENEEPAS-HESR), §9Mﬁ”é’éam'é®| [(ELeVi(eHeNHod. [0067] In a

typi cal sy InSy: I gol | ar.. sh-eve h 10SPphor Qus- al um num
and/ or sil %’E’gi’zc%ﬁ Cglg na’?ﬁg?ljé%%t%?ﬁ%ﬁogm% 'é‘“‘%???é@fl]mﬁ@% BHFY while stirring
and/ or agit idhm}o@nﬂ{nodo-@cggghmnbﬁ a crystalline material, optionally

with an alkali netal, in a solvent such as water, and one or nore
t enpl at i ng [88@t s adelanchgyembediment fzesipyerttionfipdinectedspatrhetbod fari xt ur e t hat

is th heat d talli dj t.i of e re and
t anper at ur oYALeHASE PndtetTar s ve LR adSRIgtNS BEent oD AT

5,096, 684, t&ﬂgmﬁn% 2EorBORh b Rl Earfink:, |

it daM andiAc Q% Por at ed by
ref erence. The polyneric base I's conbi ned w i.nﬁmglﬁe ataln east one tenplating

agent, and apmeomnmrhydeoxade, irhenainationuwitls @ polyenerip basepinoli agls source, and
silicon sourge, in. any order, for exanple, sinultaneously with one or nore
of the solbEdyleni@iHe ed with one or nore of the sources and/or tenplating
agent, aft onbi Ri : i 59 , and the |ike.
[ 0068] Gene[rgg?ﬁy, t%gg’f&l{éﬁgﬁ%ﬁ%ﬁfgﬁ?@& egléé :S:ig%ldﬂ{a oV e E&ESSe’aI ed in a

vessel andiliemued, and/oekicai sontuitias combOGRBANS mdteds fref@ably &halet enper at ur e
in the range of from about 80C to_about 250C, preferably from about 100C
t o about 25bing 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



nore preferably from about 125C to about 225C, even nore preferably from
about 150C to about 180C. In another enbodi nent, the hydrothermal WO

03/ 059850WB@3hEBOR/ 39644 17 crystallization tenperature PETIUES8%3%6an 225C,
preferably | ess than 200C to about 80 and nore preferably | ess than 195C
to about 100C. [0069] In yet another erbodinent, the crystallization
tenperature is increased gradually or stepw se during synthesis,

pref erably cristalization kdnpesatimenis leSEﬁlpeQaﬁ‘iﬁ réferabbi lastsaha]elt)oednshbcmt, for a
period of t| me effective to forma stal l'ine roduct The tinme required
to formthe 9r@ssapélmqrﬁ@r%@lébﬂud@ss|tlsarm1;9@ €40 PRout1pY¥.i medi ately up to

several wee he d ich is usuall endent on the
t enper at ur e? t6f?i: hi gﬁ{efett Pl&h?re rdé{flﬁrft othE GRS 8‘%%”&9?%% on. In one
embodi nent , indiesed y@tiadilyi d}%ta@mtaﬁltrlng§¥ﬁtﬁé§@ riBde! tH@a-gthEIZLﬁ&{” about 30

m nutes to around weeks, preferabl rom about 4 tes to about 240
hours, andtqmeéatplreeﬁewamlyed¢maabcﬁmtapcrimdmftm affeotive tbFOrvhaurs. [0070] In

one embodi mantt t he sa/ %reﬁgelrs of g& EOEI:DL sieve is ajded by seeds from
anot her or tRERUHFPredus lemFﬁS’éur feroamg e%IiYét@Bmepmﬂ istypacallydr ot her mal
crystalli Zafﬂoﬁﬁnﬁrﬁecﬁé’t@%@ﬁgéé@e V%%k?rthé’\ﬁﬁrgﬁ)&{of\g a]%ll s arﬁ&y (aei %tc!lr (ing, for

exanple stirring or tu e stirring or

crystal | i zabi ¢he tpmpératiremle bighaaht tonRuBurethd :ﬂio@téfﬂh&ﬂﬁfahon pIva‘(‘;r%r abI y
conti nuous agi @tl on. Typically, the crystalline nolecular sieve product is

fornmed, us&RPPYMCHL éhesqrﬁﬁi*@m%tj@@éa ia framed uné@dmefn@lfr@y ahowt 36t andar d

technique exa entrifugati r f||trat|on
The i sol at 2@4 Illutggs][gvgg?da ezd‘;“?&s’r rE{egﬁbﬁ’ ﬁgmparng %{mlquﬁeséﬂgg%gg? i's
washed, typalﬁlﬁﬂnbbe,praﬁtdwy Bomi abbind] BaiHo aout W Bbursf rom one to many times.
The washed c stalline product is then optionally dried, preferably in

ai r. [0072] [®678] et h@wrﬁ@mb@fiymnaltm sathasis qfnmlvcaﬂarsmpwldmbyan agqueous

reaction m contai ning an excess anpunt tenpl ati ng agent and
pol yneric §§£e?ro o Phyeee Q’FWP&‘ H@@P%fﬁlﬁ‘é%t. on under

hydr ot her mafoogendi t i 'PHb'Sh dr@BLAal b3 Bhall B RUldIRL Rith BELNRGH, oI ecul ar
sieve formati on and di ssol ution, “and then, renoving some of the excess
t enpl ati ng agjtation ansﬁrunggﬁoge}mmplcbstmng 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.



inhibit dissolution of the nolecul ar sieve. See for exanple U S. Patent No.
5, 296, 208, which is herein fully incorporated by reference. WO 03/ 059850
PCT/ US02/\8084459838 [ 0073] Anot her nmethod of crystallizati eaTicsozdaeect ed to
not stirring a reaction mxture, for %arrple a reaction m xture containing
at a mnimum a silicon-, an alum nunm¥? and/or a phosphorous- conposition,
with a tenplating agent and a polynmeric base, for a period of tinme during
crystal | i zall033l ~ seeApatienpetbed a7aYsialligationshdireded (o mt Sﬁﬁmgamﬁutmh i's

herein full o ref er.enc .0074] O.her net hods for
synt Ihe5| gl ném%}g é%ﬁl%ar f@\fégwt?? %@F“T A mnﬁt’# B BN, §l?euaé descri bed
in US. Patgenitgs-, 5m<ﬁ819a %Ba?g{riﬁ-rcgfn&)bﬂﬁoﬁ it 9%%51atﬂf Jg&% a&ﬁgp' ating

agent to phosphorous fier
without a smlb'l)nerlubse féataqxarloddof tnﬁ;zdﬁﬁng,&zzst(aﬂmadoreﬁereal(ITW() U. S. Patent

No. 5,962,7 | us. P No 5, 925, 586
and 6, 153, @éﬁ%@ﬁ%’i’gﬁ%@ﬁ tﬂ&qpfﬂn Vzllb‘gl I egirtl %@lbéﬁ@ormrateﬁtbg/;tsfemzce (nonol i th
supported), dd7& Pat §fikr MRhods ﬁ):f'% %1%5%&%@095{ Elegfs oef‘%l(ghl%;g% eE?t ﬁlgt No.

6, 046, 373 (el ectronagneti c wave t

6, 051, 746 (rxpmbykaumbmrarad@nﬁbedqmmsj Pét@ft No. 5,839, 6B§g@ﬂﬁrom the rafig, 254
(heating te%t e), .PCT WO 01/36329 publ i shed Ma 5 200 (surfactant
synt hesi s) tapgplating apsnte phosHhoEmEY %rl?aternﬂo é@@i 1é§(®geﬂaa0| d

addi tion / 60 3. 2001 n oil u. S
Pat :anlt Ai)pl Igga-fl\ég‘r’lv elr§tl a%ﬁﬁowgb%é?‘rg% 9 gg%? Ei"ﬂ‘&i)l Ué% tfnlt CZ)O| ing
mol ecul ar  sNBVEI62, b reRai e tvithARRitisA Hie), S8, llﬂalten[t\@los Oés5lopeang filed July
13, 2000 (retal inpregnation including copper), U'S. Pateént Appl i cation

No. 09/ 672, 853.553 ehosdoraniveediigl), USOB@te(ltNmoﬁJ%ZS&)@(mombbﬂm lter), and U.S.
Pat ent licatio flledJ ry 4, 2001 (freeze
drying ?ﬁg %Pgﬁﬁaﬁg ?’8@8‘;\90\/&3?4%5?( uﬁlilﬁle 'ﬁ?—ﬂi‘iﬂ %pt%n |‘Prcorpo$at ed by
ref erence. @@Z@s?m(e%ﬁoﬁlﬁgﬁ&{crv@ﬂe%?@&'bﬂﬁﬁhxﬁ W%s%@%reg@?ﬁ SLIL

used in the yntheS|s of "a nol ecul ar si eve, t he
t enpl at i ng @glmticlesr argmbtit modifiat)| ,S. PaeheNald, y’zi;wmdhe&tﬁig)templa@,ved after

STy 2o 1 AT Byl May 9308001 S actant Syrthescsy, PO WO 1 Mo
01725151 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 impregnation
including copper), U.S. Patent Application No. 09/672,469 filed Septembér 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



Cal ci nation invol ves contacting the nol ecul ar sieve containing the
tenplating agent with a gas, preferably containing oxygen, at any desired
concent r awpen/osassen WO 03/ 059850 PCT/ US02/ 39644 19 el evatred/usenpmsuat ur e
sufficient to either partially or conpletely deconpose and oxidize the
tenpl ati ng agent. [0076] Mol ecul ar si e\e have either a hi gh silicon (Si) to
alum num (Al) ratio or alowsilicon to alumnumratio, however, a | ow

Si /Al rati cléwtgdntehperamde fulficieBAPEIthgrtattadly or complendy dedontiosemid t he

nol ecul ar sieve has a Si./Al ratio less than 0.65, preferably |less than

0. 40, nore Prérethgiryrlpdasagenbn 0. 32, and nost preferably |ess than 0. 20.

I n anot her di me -1Sl N .at10,in_the range
of from ab {Tﬂg 65 {R{I)Olg O%I{E?%.%%¥g%rt%¥ g\rﬁ%)lrbgﬁ ?léﬁqi)éé\lghlp{lgﬁljﬂg‘quau%bout
0.10, nore diadbersatrboy 16 AlRmiARe witiod) howete, DB/ AL rdflo isgheferel gorpr ef er ably

from about 0.32 to about 0.15. [0077] The pH of a reaction mxture
cont ai ni ng $PQ@ syith¢siriinang embediment, thg majepuat sicwmitis arSiffdastihissous -

Fange of 1 1B 0t isF PPy 0 ofmO bRt s i A “and st

preferably jrBrtds kaisn 020! EPMRhdRnbodifitfit B HABU& siGRMHaE Rkl/&F by the
addi tion of basic¢ or acidic conpounds as necessary to maintain the pH

duri ng t he rsiimithths rage of flom ghoef @65 sxlabvomh(.é 0 gfreferabhy ZommbBut 0.40 ot her
enbodi ment, the tenpl ating agent d/ or__pol ynmeric base is added to the
reaction rﬁbﬁ%q'@ﬂé‘?or? ﬂ?éer}%‘?ﬁiycf&m gg‘iﬂt@ézéﬂ&g%@s]&mé? merespgterblsuch t hat
the pH of t aB&ﬁ‘(’)@ﬂPaHM‘tthfse does not exceed 10. [0078] In one

enbodi ment,” the nol'ecul’ar siéves of the invention are conbined with one or

mor e ot her [007Hcul arThsiptlvefa rehdtioannikhes cadinihiz e mininhien apiRbey r ed
si | i coal um nophosphat e or al um nophosphate nol ecul ar sieves, or a
conbi nat i orplgRBpELfandiy @hesmkBraetCamRasitionea fepdatione agaet, frsl 2 owi ng

non-limti I r skeves,described,jn the follow ng: Beta
(s, pat ey B BE T B e BLARER°p LR RS siSraio ) 787 267
and 5, 783, 32dnh 4 t€ SMndlhodt YrePerabi3tif e Moge of, 0D, P6R)., T dah k. S.  Pat ent
No. 3,832,449), ZSM 12 and ZSM 38 (U.S. Patent No. 3,948, 758), ZSM 22
(U.S. Pat erfonfplledshy3tbe addigpn 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. .

RN

[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.S. 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.



ZSM 23 (U.S. Patent No. 4,076,842), ZSM34 (U.S. Patent No. 4,086, 186),
ZSM 35 (U.S. Patent No. 4,016,245, ZSM48 (U.S. Patent No. 4,397, 827),
ZSM 58 (WoS3/05mssent No. 4,698,217), MM 1 (U.S. Patent N®CTAISBB96358),
MCM 2 (U.S. WD 03/059850 PCT/ US02/ 39644 20 Patent No. 4,673,559), MOM 3
Patent No. 4,632,811), MCM 4 (U@ Patent No. 4, 664 897), MCM 5
Patent No. 4,639,357), MCM9 (U.S. Patent No. 4,880,611), MM 10
Pat enfategs Noj 46@3%552)7}\401»@«(113 Pide8 Nivah, 63218 1M MCH/-8 19,8 P&Jent MCM 22
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Tropsch), G 562,68meaLrdial (6.S00un8No( MBle h@%bnﬂtaﬁﬁlﬁl AlhBSdosilfRAtls MESOpOr ous
nol ecul ar si eves (I_U S. Patent Nos. 6, 284 69 5,098, 684, 5,102, 643 and

5, 108, 725) ,(TAR@n TASO-41 (EPrar 8289 f @9$)yb®mu@rlp@ﬂ6aﬂé8 Bg&gtdﬂ@r ﬁnce I Met Ihod
f Maki Si ce the nol ecul ar
S|O(rave i ;“gy&%ﬁgﬁz fan liiev %nﬁgl’%ﬁﬁﬁ‘t%&p‘ﬁoﬁmg ]9\‘}9f 1oRROpRk ti cul ar
conver si on RxAGesst ZIMS 47l Bl Ar (LSS Phert Not B,?Q9 458 Eﬁkah?%m 0 a

nol ecul ar sieve catal yst conposition, particu for rerci al use. The
mol ecul ar £m§%§ﬁﬂ&é$5)Z§AP@bmmmmEMé ©FS. fRatdmuNateQn pog) catal ysts

i ni i zed I t bi nder and/or a
ot ot S6 L WO BT niShebbrasber %iié%\égfla%gqlargwi@;ﬁﬁtﬁl?herog a”
d I ormul at ed nol ecul ar
Seve catal Jop o k. B30RY ERRBAR deofifle). B B e e par b1 o os

by wel | - knoasiecilacdievies|(1€S. Batedt Nass. 6,;28@,%961,r5y(0989584p§,hl)25433mg extrusi on, and

Kk 0080] . There are _many different binders that are useful in
]'Eg(raml Inget h[es 108,725), which are all here¥n fully incorporated by reference.
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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 fonﬁulated
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



nol ecul ar sieve catal yst conposition. Non-limting exanples of binders that
are useful alone or in conbination include various types of hydrated

al um na, wplo3o3@50 and/ or ot her inorganic oxide sol. One pcefusor/ad4al um na
contai ning sol is alum num chl orhydrol, The inorganic oxide sol acts |ike
gl ue binding the WO 03/059850 PCT/ Us02£39644 21 synt hesi zed nol ecul ar
sieves and other materials such as the matrix together, particularly after
t her mal t r eBtRasized Opderulpe sieverandtdteerinmderipdnsurhex itltbematalk togatheef er abl y

Component .  EBOBRET ph il BRRERRAC dapoR epiinie s BPEE3bs b num oxi de
matrix fol | pkagbi Bd¥ink hea, Rrg,gélssity[ Q%Her@dgﬁ@orﬁﬂqbg@%@{: B¥faE ?#a?tri)?.

hydr oxyl at ed al um num based containing a ch e counter ion, has the
gener al f or earhponsht. AfddeiOkploCloPilhaGh] wilke@ivertno bs alintifumGxide is 1 to 8, o
is 5to 40, p.is ﬁ to 15, and x is O to 30. In one enbodi ment, the binder

i s A11304( CRFEEEC 9‘1’?’@3—'@6‘}“%@3@- described in GM Wlterman, et al.,

Stud. Surf. {y and : g 5-1..144, (1993), ich is herein
i ncor por at e gl r ef eé@?l%@mF}ﬁl%g{ergg é%ﬁ%%g%?tﬁéﬁm mlbrﬁi’a%e:gnﬁ?gre bi nders are

conbi ned wi ¢tdntainiggarchiteide cotlierion s thdgdnbRg f@xamdes of alumina material s
such as al um num ox&hydroxi de, 7-alum na, boehmte, diaspore, and
transiti onafldh{({Mlheh HeP wheraingn imi 1020, 0-iall torBn@is StodOupistato B, al uni na,

s-alum na, Xx- 1.Nn nd p-al ugin al.unj nu r i hydr oxi de, _such, as

gi bbsi te- oS %{6&?%90?‘&8{1? %%B%‘?@@&dﬂ&?&lﬁeé}snéf\@@ﬁb 622%99 8dis. [0082]
I n anot her @wBOKYITRT.M. WstdlinRg % §1.,3§t§d.351u‘1‘f7§9§aﬁ@bﬁtal.,pfq?gg%gsrl%?! 'y
conpri sing al um num oxi de, optionally including sone sificon. Tn yet
anot her  enbfB(1A8Ht whichds héreidénerporetep bytrefeetical nvnotheradBoditheht, eat i ng

al um na hydrates such as pseudobphemte, with an acid, preferably an acid
that does n3t® ¥IMEEOH4™S ‘:P;?Q?Sféﬂedowagom 8pReEe fbernogrlinitipgierumplesn

a1 U na gl 3 ikl QB SRS Bhnhum SRATREGUE. B ARG o
Naper vi | | e, dibdporeyend framsitibnbly slaminaa yadH ahl-slufniepENeniiQ) v-SanRes 8t i on, Val | ey
For ge, Pengaﬁ%%\é}%%ﬁ un”Eil(l)a(l), ?cﬂlun-g&g, argzll pe-gllljlln?rﬂa, iu?n\/iguri%r% hd?(?)iciczig 2u<?1?§sve’ 'na
preferred ) y g

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 hydrates

such as pseudobohemite, with an acid, preferably an acid that does not cof;;;éin 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



is conbined with one or nore matrix material (s). Matrix materials are
typically effective in reducing overall catalyst cost, act as thernal

si nks asswetosfospssn  shi el ding heat fromthe catal yst conpesirtuson3does

exanpl e during regeneration, densifying the catalyst conposition,

i ncreasi ng cat al yst strength such as c?4sh WD 03/ 059850 PCT/ US02/ 39644 22
strength and attrition resistance, and to control the rate of conversion in
a parti cul strengthomndsastritipf 0@xgtarNeerlditocontig texargfesnadrsioRifa X materi al s
include one or, nore of: rare earth netals, netal oxides including titania,
zirconia, nﬁfﬁﬁﬁgﬂémﬁqﬂiéri a, ber yI I ia, quartz, silica or sols, and m xtures

thereof , f ofoogXAMI &S| G BANGS] A m Skl C?eéf?isr@ﬁggwg%{rh&gﬁ i tania,

silica- aIu na and silica-a Chor

materi al s afage é@ﬂh&ﬁ@thlscﬂn@ﬁﬁoﬁﬂmn@lﬁdﬁ@(@ﬁﬁné r&%ﬁl@%&@ﬁblﬁ' B8iof
nontnorillonite and kaolin. These natural clays include sabbéntonites and

those kaol barglliRn@ntzasilica @TSObxathmturB} shieegof, NoNawmegle Gkica-giagneafad Fl ori da
cl ays. Non- e es of. ot her, terials .include: haloysite,
kaol>/| nite, ﬂil‘(\;ak‘ﬁcé’ng‘ ﬁé&%@éma S‘rhcﬁﬁ n %n‘{ Srlﬁc n%émé?ﬁj%‘ﬂpﬁfeh’(an the matrix
material, p&ERbSLRABhY nARYk ﬁ&tehgﬁ arhaRY S cl%ﬁsesugllﬂgx} ﬁ’iggeeﬁlorh%t‘léﬂgg‘{ hé<sn

nodi f i catl on processes such as cal cinati acl rren and/ or
chemical t rmanmmnﬂlon[té)ﬁl&b'lj:adlm dheseianirel diggd iacthddsatbaritonitddandradosé X mat eri al

is aclay or i Lﬁ'@f corrp05|t|o i;ﬁgreferably the clay or clay-type
conposi tio k39405 "éin% T gxampleg Piip M eNames, Gieardia anghBlopige elayy. 8fosr abl y t he

matrix matefha e%axlﬁﬁf%ls 'opﬁthléal%l ik IH%grlalgﬁl%ihdeoHaQngsélge%%l e ds)({llﬂggbl e, high

solid content slurry res surfac cks

t oget her easdctiy, dtlalatumtd: th cﬂie&hﬁioﬂiméﬂt MHE tidtrBe m&teﬁélef)&'fér%ly afyy 6f R8€
particle size of the matrix material, nost preferab kaolin,” is from about

0.1 gmto U@k am. SBbJQ%PﬂMQ welékmm prerdificetion piogesse sich abotlcioatianf | ess t han
about 1 gm t he bi nder, the nolecul ar sieve and
ar[dp Q%@Jd trea IPen% %%F (gkée&llféﬂ ’trteﬁténeﬁxf

the matrix it eria esence of a liquid to forma

mol ecul ar suoess] CatIﬁ|0M§ r&&mﬁddﬁﬂentvm@hfatﬁ)bﬁaéﬁm% c‘PJ Rl @a‘éf is from
about 2% by weight to out 30% by wei ght, preferably fr m abo 5% by

wei ght to aipeieompogtinn, preferably the clay or clay-type composition having a low 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 ai)'out
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



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
mat eri al ,wOas05680 ng the liquid (after cal cination). [O008PLTIusozsmsiher
enbodi ment, the weight ratio of the binder to the matrix mnaterial used in
the formation of the nol ecul ar sieve cd8al yst conposition is from W

03/ 059850 PCT/ US02/39644 23 0:1 to 1:15, preferably 1:15 to 1:5, nore

preferably 01301116, freferatand:15ustl :5, picé prefdrhdly 1: 1) Q4 'ahd nldst has been found
t hat a hi gher sieve content | ower matrix content, increases the nolecul ar

si eve catal Q@fer%t&h'béstp fli it has baspiawrskthatadvighes sieve ontent, ivew eatront ent

hi gh t th t t f th
Composi 1 Tort DB B BN AR i Bcalabist &asbost R N sy bt x
material, Rplek siovd dantdmt iHigiter %é@x‘i‘)@hatérﬂl ,3mpiRHd fhebBrifioh fEs?sta%Eﬁ)fﬂﬁe m xi ng,

pr ef erably rigorous mxing is needed to produce a substanti
hormgeneousccmlpasmoa cont al ning the nolecular sieve. Non-limting exanples
omhi nati.on of water, alcohol,

f t abl e | d [ u
Pet ones o WOBSHeS” Ut SRR 1% mije T Rngve i ShmA gl | o ot er. 11
one enbodi n@ﬁfcynaltl}h@utﬁ lalylﬁclér iR a4 icho%Hﬁ LR fﬂl'inﬁl%, &g%fgﬁﬂr Cgfoé&'ésrrge

sufficient to produce the desired slurry texture

and/ or sub-mpaitg Glneedridzae pebduice abulistamalli D&88¢entbigs lﬂﬁdnﬁ@ dbathiniigae and
matri x material, and the Oﬁmlonal binder, are in the sane or different
liquid, andmalesilansieyen¥p-hmiiye examples of syblediquidssneiuile emeanss| y,

seauent’ al | yom e BaSOUAAHLAN (ELECThabe Prelety eff sibod: ment, the

same |iquid, pre i’sused S'matri x

material, amdfcopt Ihqmahs hiaeln o éntieahémade | *sl'ﬁr@ i$ b(ﬂwl&inﬁﬁedsﬁk hds,
substantlally dry or in adried form or "as slurries, together or

separ at eI y P%TIOd:?éFlrI@sﬁuffmi@t éﬂn@du@edgetibmed abirgyriyxtore, sulbpdrticieisak) y dri ed
sol i ds, Jpref er Jee %Eﬁ @, limted and/or controlled amount of
i qui d. 025%1 PR°8 %041 %% he slurry of the nol ecul ar sieve, binder
and nat r I X[o0B9jer | a'ﬁe'n@ol@&lﬂeﬁ@l% aﬁll blafitk S0teREN LAY fhe dpaYE 'bﬁfd@tn%ey uni form
slurry of sub- ‘particles of the nolecular sievé catal gst conposition that
i s then fedntthe sanfeqyrmififigrent 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. Ifsolids

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 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

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

slurry, and from the resulting molecular sieve catalyst composition. The resulting

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



unit that produces the nol ecul ar sieve catal yst conposition. In a preferred
enbodi nent, the formng unit is spray dryer. Typically, the formng unit is
mai nt ai newoaB/oswssenper ature sufficient to renove nost of wPh@/USozsb6ad from
the slurry, and fromthe resulting nol ecul ar sieve catal yst conposition.
The resulting catal yst conposition wheddfornmed in this way takes the form
of m crospheres. WD 03/059850 PCT/ US02/ 39644 24 [0091] Wen a spray drier
is used as [0081]f or mi Wherdipray 8¢S atddyas thérdtdsninyt, BlpicallpethoBhfgWrar sieve
and matrix material, and optionally a binder, is co-fed to the "spray
dryi ng vol uthe mgleaylas sigrg ik mptenalagndepioaglly & hinder, issoppled 40 thee r angi ng
from 200C tso a?SQrCi ang a CﬁHbi ned outlg ten%eratr[[geréan ing from 100C to
about 225C. W HXSSNE TR 2 drvBe goew ég.na}/ At BrCt BTRFBYS AR &r | ed
formed cat o ' : ORIL o
preferably @%2bgg(gt%%gg’ %{%dt%bnfé%g%at a?%g{eénﬁ%%r%g&@%f %%’%%@f&@ (??dom about 50
gm t 0 aboutaRYP228C. AREh eMBSAinRAE RS ARtage HiARBIERIUle @'éa}gdﬁédcfoﬂll?%ﬂ 90 gm

e

[ 0092] During spray drying, the slurry is passed through a nozz

di stri but i neptalyst cempesityon istfions atwdult 40 poplosbsyt F08gemiprefogibnfraabsal spr ay
into a dryj ch er, Atom zatign is _achieved by forcing the slurry

t hr ough a sé(ﬂg‘?"éoa 2§%H@pﬁwm91ie§qr@l}ﬁ£r££}&0um Aingo P@sts?gpémmaaé in the
range of frgm:lQ ' | aa to 6895 kPaa). In another
enbodi nent, ?%1@ %F%?Wr%a%%gggdl%toﬁaﬂgggﬁ) glg'si ngl e nozzle or multiple
nozzl es al 0j9g92§ t h Durhcpiayakyiap, the sheyispisseddraich a kgam flue gas, or
any other suitable gas. [0093] |In yet another enbodinent, the slurry
descri bed afgtibuting e sy deforsmallidseplpis, eprmpldingen agrosel sprdynigtosheel  t hat

di stributes y A L1 dr t th i ze,of ich.is
control | ed r%g%ac%#ﬂ P %Ct‘%?%&laﬁc U |Cﬁ59§4§¥fd§m\l}g grteos g thrueia sngle ¢ onsi on,

flow rate, mzekodheiltiflodoiANRERR PreSsu@é diopan MleUbfigh oftttfn $DGPGa aNd - 4- .,
di mrensi on of the nozzle(s), or the spinning rate of the wheel. These

dropl et s ar¥00msia {690 kRag th 435 kBaag.ukrr anethes embodintest, tleuslvenis dotfedy of ai r
passi ng thrgough.a spra rier . tg forma,substantially dried or dried
nol ecul ar stgﬁ(glgh@ﬂr%ﬁifézzgé)ﬁﬁl}gﬁl qF gRzzlesplene %"5@3’? ?‘i%ﬁ%“;?nélum%m ar sieve
in powder fQrdm sk889%%le égg,r@ragg,loyhergllﬂgabg ZR. of the powder is controlled to
sone extent by the '

[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 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.

[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 prdperties 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



solids content of the slurry. However, control of the size of the catal yst
conposition and its spherical characteristics are controllable by varying

t he sl urrwoO oBesdspr operti es and conditions of atom zati onPCTOG95}%6@ her

met hods for formng a nol ecul ar sieve catal yst conposition are described
in US Patent Application Serial No. 289/617,714 filed July 17, 2000 WO

03/ 059850 PCT/ US02/ 39644 25 (spray drying using a recycled nol ecul ar sieve

cat al yst Cqm@ﬁﬂfyh@g"lﬁsmg/\@te@?clécﬁmotb@ﬁﬁt BieVdeedd1pIcoinpbsilyn) #hRhance. [0096]
I n anot her enbodi nent, the tornul ated nol ecul ar sieve catal yst conposition

contai ns f heraiminsarporasd by refsence99% nore - pr ef er ably from about 5%t 0
about 90% m)st ref rabl from ut out. 800 vvei ght of

t he nol ecul@\?ﬂgl evel g%cg b%ﬂ‘énetn&ttg f uéﬂ% le?‘ﬂ%r %‘1669@ si eve

catal yst Cc@HB@ﬁ'tlbh Q@ntm[n@ﬁ%ﬁ)] abollt AR Q@Jut@@%?ﬁid?@gfeferﬁm § (0] Gl per cent  of
binder in or on the spray dried nolecular sieve tal yst conposition based

on t he t ot &% wealght 90, aﬂdano%prdﬁablyMrmabdmﬂO%te\abouté&ﬁ)%,mtwe}@tnater| al is
from about 2% by wei ght. to about . 30% by wei ref erably from about 5%
by wei ght toé ﬂ%PdBBFC‘?‘G%%‘SF RRggdyen the fo1al weighto E%s sigyeoiMaBbut 7% by
wei ght to ;&To iligge by wei ght. [0098] Once the nol ecul ar sieve catal yst
corrp05|t|on Feformed in a substantially dry or dried state, to further

harden and/[0097AcCt i va endthe ehbod@ibnt,GRé dkipht preenip 08 bintl&iin odoh @Rt treat ment
such as calcination, at an elevated tenperature is usually perforned. A

convent i on&Prayairied maleawarsioye ﬁ@ﬁlﬁétrﬂommsmn bagedam the jgitad ardight ofitleudes a

Fange 11 omsS o S0% i B RS aBPy 25 BReb I a8hG (o about
800C, and moss bpelat, %@éﬂraﬁfy@fﬂrﬁﬁ% 5559;%%@}1@{02&% 203@9§3weig1§fa%aabl yin a

cal ci nati on environnent such as air, nitrogen, helium gas
(conbusti onnm@d&fmtablyefmmabplmﬂ%glan\)vsalghttoabyutkﬁ‘}’bbmaxtelghn thereof. [0099] In

one enbodi cal ¢j natiion of .the formul ated nmp| eculLar sieve catalyst
CoNposi t i oﬁﬁégsg] carr |8 egl?tm?lﬁcué‘ﬁf‘qﬁ ysb?ows}tl%ﬁ%t%mﬁim %es incl uding
rotary cal %hﬂé%&&m& laW O B BRL, ¢ RIS hABEL PN EREva@ Bl thitfed | KE-

Cal cination tine
catalyst comp051t10n, 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 about
700°C, preferably in a calcination environment such as air, nitrogen, heliufn, 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
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.

[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,



typi cally dependent on the degree of hardening of the nolecul ar sieve

catal yst conposition and the tenperature ranges from about 15 mnutes to
about 2 hwOreg/0598®©0100] I n a preferred enbodi nent, the nolPeTaisar/3sieve
catal yst conposition is heated in ni trggen at a tenperature of from about
600C to about 700C. Heating is carri ed®out for a period of time typically
from30 mnutes to 15 hours, WD 03/059850 PCT/ US02/ 39644 26 preferably
from 1 hour Pregeralpy d¥om d havutosibowpilhqurss freoraigrgfefabhnrahabbutll ko t 0 about

5 hours, an t preferably from about. 2 hours to_about 4 hours. [00101
ot he_lrJ ?ret hogg §rh0§lésf ?'i’/c!i?’loﬁy r%{e’f?_g}yetg‘ﬁf_lf{&bo‘éti tirakryst hewhmosi t | o%, i n]
particul ar yjaog t heopRl aRMAS & LM Gatin a%él@%ﬁ%r'l QL RLOMIEL O%Oéitpo%a

conbi nation of a silicon-, phosphorous-, an um nunt’"so

tenpl ati ng dgeaticulamdheae theahylverlarsidvaies reavtien podudtodtal donbination of _
silicoal um nof?.hospghat e catal yst conposition (SAPO are described in, for
exanpl e, U. $SE0R-e RROSRBOTORS-1 il alumyinuRL soVuses. artenpletingrgest.endaof gel al uni na

and water tg,4pQG, -publ i shed cenber 14, 2000 (heating
to | eave anB %?mun% b%%%@x%%ﬁée@%%%%HE?WWBBW%EWSﬁtagég‘?oﬂpoﬂélpnow 558, 774
filed April (280200 defcribpditg fiaidxamnplef UM iPaeHt Rb. 5, 38 £YR) %eg{mgch are all
herein fully incorporated by reference. [00102] Al um num chlor hydrol , a
hydr oxyl at edolgcular siave tfest dlustha amlomdter t0i450°@), PUIToWiOlgD/Zs0mRbliéea, has the

general forpul a,of Al , (OH) o P x(H2O wherein mis 1to 20, nis 1 to
8, ois 5 tgg‘if@?beﬁlf"sw?ot?%ea 1510 leaye sn qrgount pptepplate aphb.Srbodi nent, t he

bi nder is AAL3046 i 8. .dgsgribed in G M Wlterman, et
al ., Stud. s%@ f (1%?58&%‘%@2%5’5%@74%@ ‘%%%1%= ?@@@&?&Xﬂ@%@iﬂmwﬁ i s
her ei n i ncosipa)aviedh bye allefeesiefaley intdpantidnsireRidieei Nent, one or nore
bi nders are ﬁ)&ﬁl ned with one or nore other non-limting exanples of
al uni na mat O01%31s s elymarum chiervidreloxdyyiyersdated elunitauh basedapl boehni t e,

o s, g AR ST 52

7-al um na, umn al um na, al um num

Xt ures theroat {00100l I angther: remi o e bR ELE o i na
sol s, predotdiainfity 30cimpre enbeglimeutnthabindexisdél,, 0o i)y EA)I J(H,OFAidi g sone
silicon. | Nie¥&inedn? td"l@f 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, boehmite,

diaspore, and transitional aluminas such as a-alumina, B-alumina, y-alumir;é, o-

alumina, e-alumina, k-alumina, and p-alumina, aluminum trihydfoxide, 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.



enbodi nent, the binders are peptized alum na nmade by treating al um na
hydrates such as pseudobohemte, with an acid, preferably an acid that
does not worBasssa hal ogen, to prepare sols or al um num iPCA/GES02/846HHNS .
Non-limting exanples of comrercially available colloidal alumna sols

i ncl ude Nal co 8676 available from Nalé6é Chemical Co., Napervil | e,
I1linois, and Nyacol available from The PQ Corporation, Valley Forge,
Pennsyl vani 010§} 03/ TEa86BcRETBOFhBREL] aldTe [i0Q D brrdhembodigetd, ar si eve
synt hesi zed, aboye, .in_ a preferred enbodi nent, is conbined with one or nore
matri x mat e}SiCéZFE(%‘)eFWHW 0T RYLE IRakE mgfeaial(§lp Mafrikymaterniglg ateityrically r educi ng
overal |l cat : . I ssist.ing i.n. shielding heat
fromthe ca?ig 03121? ﬁﬁ%ﬁ%%@?ﬁ%%“ %%F%’?;é gﬁ%%@% 6%”51613%1@@%%1?%?5 Yn, densi fying

the cat al ysshieldimgdsattftan the dacdlpasbmgosaslor Skarshle ANHhN rephdtadich, Cr ush _
strength and attrition resistance, and to control the rate of conversion in

a parti cul ¥spyise decatglymd somposien, lingrpasingpatakestpirengtiosuchas ciush mat er i al s

i ncl ude one_.Qr r f... rare earth netal nmet al. oxi des [ ncluding titania,
zi rconi a, rr%tfg)eﬁlé{sﬂ?aéﬁ aﬁﬁg?lil 5%515?%18%“5#%?0'3{?3P%ezr?tesquPla‘aer%Pngb«”r s, and m xtures
thereof, foparBxafiirécess.l | ca- magnesia, silica-zirconia, silica-titania,
silica-alumna and silica-alumna-thoria. In an enbodinent, matrix

mat eri al s al0@10&dt ur alorelimjtsngsaxampies dof hedx fatenalshieclidnddd @3In@é of:
montnorillonite and éaol in. These natural clays include sabbentonites and
those kaol ¥ ?@ﬁ@\mﬂ § metaf oxdgesipgludingytijania, zpogigraragnetiaritbortia, and Fl ori da
clays. Non-pdeimit 4z exan] 0 L sk arial splncl ude: hal oysite,
kaol i nite, dirgki ’tde, Z’nacri trg,éls’ogrndgﬂr}gﬁg(rf%@%{ef)ﬁ fone(gd[’en o%lll?faewgnchﬁe mat ri x
mat eri al , psiBéaezizdohip, siliya-tifantaheilicabRyiina afdesisdaileairRtthb@a. Weldn known

nodi fication processes such as calcination and/or acid treatment and/or
cheni cal t r@abodiment, magxoBatensls aiscnagrakdayssucheassbeserfeom the familistofi x

mat eri al | 2 - e c 0Si ti.o ref erab t clay or
ey type coanbidioffc bk, TR ARERIH MR B SlHes eid nge most

preferably ktdotinghiowiasiirekidblel BiKaWMENaméR Gebitid'@w FIBAGNhRURG,L 0 form a
punpabl e, high solid content slurry, it has a |ow fresh surface area, and

it packs tdiaitingcxangles 9f ether matrixmeateyials wchide dtaloysiteiaolinitey diskie,r ed
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 or a clay-
type composition, preferably the clay or clay-type composition having a I;W 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 pm 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



average particle size of the matrix material, nost preferably kaolin, is
fromabout 0.1 gmto about 0.6 gmwith a D90 particle size distribution of
| ess t harwal®ews98io gm [ 00107] In one enbodi ment, the bind@cCT/ushs3swsw ecul ar
sieve and the matrix material are conbined in the presence of a liquid to
forma nol ecul ar sieve catalyst conp tion, where the anount of binder is
from about 2% by wei ght to about 30% by wei ght, preferably from about 5%
by wei ght tweightoand 20% typfexably0BHDSHE607 FOF/WiSein/3 9ituy 1 5%cbywweeight,, and nore

referably from ahoyt 7%.b jght to _about 15%b ight, based on the
Potal wei gnecst of e rhueiet Qb oo dieano sr dorc ke a
excl udi ng t&%lddﬁr&”t‘h@liﬁ@iﬁt(%eé“cgﬂcﬁiaﬂ on). [00108] In another enbodi nent,

the weight ratio of the binder to the matrix material used in the

formation 000108 nollrandther csitedémen] thk yeight eatposithd BiRdérgo tlieammtrid: 1 to 1: 15,
preferably 1:15 to 1;5, nore preferably 1:10 to 1:4, and npst preferably
1:6 to 1: 5 Mmperipsedadhe fosmation phtheanglpyiasicye sotelysormpesitiondwiemmat r i x

content, i [ ] .Sieve catalyst .conposition performance,
novever | 1ongs TaP oI B S hso kIR A T2 TR 5 fobes the
attrition rgsfesdb®nte t0f:5 NehastREP EfinditR4d-a HiSRE9R)e sRdht GoWRE Rhig t he

mol ecul ar sieve and the matrix material, optionally with a binder, in a
liquid to fesmipng isdreasessthe mol¢auinr sipve tatnlyt gonrpiogitioo psrfomancadomevarceded t o
produce a substanti al honogeneous mi.xture containi.ng the nolecular

si eve. Non-PP' “fl?%egco@%ﬁ}.})’f%gg B’F‘gm@ﬂ;@mﬁ’rﬁﬁ? © P QResisiacent the

conbi nati orngopfpodRiogr . al cohol, ketones, al dehydes, and/or esters. The nost
preferred liquid is water. In one enbodinent, the slurry is colloid-mlled
for a peril061@ ti rposwbmbiiienthetmoolpeudatisieyetahé tibasatriethasdrialr y text ure,
sub-particl e si Zlgy ﬁgg/ or sub-particle size distribution. [00110] The

mol ecul ar SQRARAINLWithabdider A e HHudito oy sIMEY opiiiegh Rrefepbldatzoraise in t he

e R B SRS TR ol R o o
ermbodi nent ,molkeulsevievel NpuHliitipe ekanpleh yf watable ligiddsadudeldie oral ecul ar  si eve,

combination of water, alcohol, ketones, aldehydes, and/or esters. The most

preferred liquid is water. In one embodiment, the slurry 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 binder, 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 add 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



matrix material, and optional binder, are conbined in a liquid as solids,
substantially dry or in a dried form or as slurries, together or

separ at elwo 0Bf052880 i ds are added together as dry or subst aoritsbt/goeds | ed
solids, it is preferable to add a limted and/or controlled anount of
liquid. [00111] In one enbodi ment, the28lurry of the nol ecul ar sieve,

bi nder and matrix materials is mxed or mlled to achieve a sufficiently
uni f or m s| uempodifmest,lthe foaningaids sray SigenolBLedlg! theifermEns ahialsy st
conposition that is then fed to a formng wunit that produces the nol ecul ar
si eve cat al JPSti@BehE < temperaturssuffigienifta reraeve oy 3f 08d8pdd PoT/tis02/ 39644 29

nbodi t, ' I bl d Typical . t form it
i ntal ned 5% YRR G tPhbaPpBRb Dl SvSCanR BofBerton TRaeRicha o from

the sl urrycatalpst ohpasitibe whes Wrided g 1 Qﬁjfl‘{a%lés fh G¥%n ﬁﬁh?ck&?het:rgﬁrrpo“ tion.
a

The resultigq%é%catal st conposition when Torned in this wa es the form

of microsph 2] [ OWhenp swadrier is psedasdhé formirg wik tyrallyhie trdiolg unit,
typically, the slurry.of he nol ecular sieve and matrix naterial, and
ogf i onal I>/y %’eﬁﬁl‘ﬂa%}l?lysfeé' 688‘5 Paf% gaiepal. a%fﬁ%tgpnaﬁw Ry§h s sreiegite thea dryi ng
as with an I BIREYi i 50C., and a
gonb;Mned ouirﬁz}fal?gr%p%drjgltﬁi P}Jéﬁr angl}a%glél?‘ﬁgt%%%88%%%)&?%%8@&?&%@" ginhg an

enbodi nent , frbME208vE tE.§80°), aittd esmithed bt Rinderaliieatndind FBA 1098¢ &) Yt
conposition is fromabout 40 gmto about 300 gm preterably from about 50

gm t o about al@802HHC. fore embediareahlthe dvecpe alimmiterdT timprey @@ubmQ0 gm and
nost preferablyJ from ahout 65 gmtao about 90(53%m [ 00113] Duri g spr ay
drying, theS¥qlstegmpesipon sdeom RPet gh Han leben 84 prefecabbhigomabog] urry into

smal | dropl l<} [ i a . dryi chanber .
At omi zat i onﬁ? ‘gmaté%?‘g‘%éb@%’%@?‘%@%ﬂﬁ@@#ﬁ% utﬁr?%émz%ﬂmanﬁozzl e or
mul ti pl e nomastesefoiably o kb6l fd04bouno¢ fi@. r ange of from 100 psia to

1000 psia (690 kPaa to 6895 kPaa). In another enbodinent, the slurry is
co-fed thri@04kBla silying speAreings therghuryps passekthrenghal roaglewi t h an

fo0114] 1 n §ertieHE S aR R SR rereif B etiocBratBie i s directea
i_ ?m | It hgr gglrder?isﬁfgeihﬁlgf)era ABiAkibe isMRBRVed Btortihg tid MuH-Plrdl}E aSiddid Y 1 nto

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

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 wheel that distributes 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



size of which is controlled by many factors including slurry viscosity,
surface tension, flowrate, pressure, and tenperature of the slurry, the
shape andwoOdB/&a8sé on of the nozzle(s), or the spinning rareTafSoysmwinheel .
These droplets are then dried in a co-current or counter-current flow of
air passing through a spray drier to 3brm a substanti ally dried or dried
nol ecul ar sieve catal yst conposition, nore specifically a nolecular sieve
in powder femmositioo i jts Getreeicall dhyractehisticsiarecamitrof lhle powelsiing theamtyr ol | ed to
sone extent_. by the . soljds content of the slurry. However, control of the
si ze of thefeE‘iPré’P%IFS edes shaterizaiano/ 30644 30 conposition and its

spherical ¢ tericst,l I A i e slurr feed
properties ﬂggﬁondi?}%ﬁe@{)&a@g%ﬁ% %1?11.0 Fefg%i%g?y@%%gr&%?ﬂ%{i@yf or form ng
a mol ecul arars desesibedindll Bs Patestrsisichii@nSerial Bodews1 7 hedfiied JWyS 7, Padent

Application Serial No. 09/617,714 filed July 17, 2000 (spray drying using
a recycled (oREdping usinge eecyeled mpdeculss fisws patalyst)complositinn), svhidhes ei n

i ncor por at %rQXir{c%{pg{raﬁgc?gyE%%%%%e?] I n anot her enbodi nent, the fornul ated

nol ecul ar sieveé ca ftion contains from about |%to about 99%
more pref ergbiyy)f r om akqir enﬁ%ﬂlrﬁerﬁ,btﬁblfor%;f@te@ﬂgle@@lﬁi si¥Elligh! y from about

10%to about 80% by weight of the nolecular sieve based on’the total
wei ght of tdempositien gbrinins ifmweatat Alote tbow O8fG mdre preferplll® i) abaut anot her

enbodi nent, .t he wei ght percent o jnder jn or on the spray dried

mol ecul ar s1 }é%atlf’él‘f g&{%%“%@ﬂﬂ@é‘?é’iaghfgﬁgé Wi Oynie albeﬁtaaogbé?}’g‘ﬁ?lglﬁf t he

bi nder, nol J j 1 is f % by weight to
about " 30% By i 2 S ARReD et B bR o8 "20% by
wei ght, andomposigopr ef erably from about 7% by wei ght to about 15% by

wei ght . [O%égﬂ Once the nol ecul ar sieve catal yst conposition is formed in
a subst antlP%H8) dr yn apothgrieapodiment, the weizht peeqnt RAbwder iamd poitheact i vate t he

ol cvated  (Brerisl A Re RS ol SRR a3 il PR S B linat o
envi r onnentbinder,ahéleciliiasievey dahiix rhaieddl deSod ab58d 1% B Wedht &f abaat er vapor.
Typical cal 3%I‘V?€}E Iw(&z,inght, preferably from 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 in a

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 environmer.ltﬂ 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.



tenperatures are in the range from about 400C to about 1,000C, preferably
from about 500C to about 800C, and nost preferably from about 550C to
about 708Q03f5%8f@rably in a cal cination environnent suchPa3/tsn2/396mé t r ogen,
hel ium flue gas (conbustion product {dﬁan i n oxygen), or any conbination
t hereof. [00120] In one enbodi ment, carcination of the fornul ated nol ecul ar
sieve catalyst conposition is carried out in any nunmber of well known

devi ces inc[q\{%?ﬂg rlgtagrgiered emhediment, (the molsewlacsadvei catatyst corapaditi@vens, and

the like. Calcination tine is typically dependent on the degree of
har deni ng of l}eﬂtggr’r’b’f“ér@%q‘rhart as??‘@l?@%g’é?%“?%m aﬁ%‘&rﬁ%s@iq %h?uéﬁQpc’pge t enper at ur e
ranges fro : 00 put : 059850 .PCT/ US02/ 39644
31 [00121] nzl{gggf%? Lt 4 @ﬁ%hﬁlﬁﬁﬁmﬁ}@%@? BT gogithé?}lﬁfst
conposi t i onprefesabilg&bed] hourné kbage0 hatirsa M@ epRIahblYy Groaf afdu@Mhahoet 600C to

about 700C. Heating is carried out for a period of tinme typically from 30
minutes to aBPuhepYrs, andmagst praigrobly from abavs drhouws tapbant 4i@utsour s, nor e

preferably abo hour .t bout 5 hours, and st preferably from
about 2 hou_(org?@(; ab%@érinﬁtgﬁqss@r F_%bvfgﬁ ?&“ﬁ%‘}“f%{emag&%&c%gm%wm ng a
mol ecul ar  singaetiduddr aVhERE the HERRS A kR0 is d RaRPMigrSHIcRbF AP Eb AL ecul ar
sieve is a reaction product of the conbination of a silicon-,

phosphor ousa siligerd, ghiagplionousr, and ahoeispma sewogs, atdmpdatingenent, anta a  pol yneri c
base, nore rticularly a silicoal um. nophosphate catalyst conposition
(SAPO) ar e HEXTPI%RTS HOrePaHtcC f@é&;ﬂ Sg?}cqap unppRogphateeptalisst campasiion heat i ng

mol ecul ar  sisa\V®)\ofe 8L ARdaUM trQr 2<P /75072
publ i shed cer?beef 14r,1 ZOODf%?ﬁeat 1§§j'§bP{lt§rgﬁ(9§)hlggh3§§é¥Q5$gtenpl ate), and

U.S. Appli cableomlaSgsieaf oblaluBian8. watd th ubed)ApeT !wé@x)/%@@tﬁ ggﬁlgsjhgd’ enati on
a

of nol ecular sieve), which are all herein fully incorpor y reference.
Oxygenat e tlBecomdrr ks 2009 thesting ©0¢23]anlamaunp p&templats), oS ment of t he

Tore speci fARIERST ST o RBas. VEF B P Rna T eta s nelgoute | cast - one

oxygen at ongieveh v‘&l{l@hﬁ@%ﬂh@feﬁ{ﬁﬂl&qgcoﬁmgibg‘g%reﬂ{:e.t he process of invention,
t he oxygenate in the feedstock I's-one or re al cohol (s), preferably

al i phatic aDxygeoate 49 Olelfims Erackss al i phatic noi ety of the

[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, dimethyl 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



al cohol (s) has from1l to 20 carbon atons, preferably from1l to 10 carbon
atons, and nost preferably from1l to 4 carbon atons. The al cohol s usef ul
as feedstwolo3iosessi he process of the invention include | owecTdaiSozasgmt and
branched chain aliphatic alcohols and their unsaturated counterparts.
[00124] Non-liniting exanpl es of oxygédates include nmethanol, ethanol, n-
propanol , isopropanol, nethyl ethyl ether, dinmethyl ether, diethyl ether,
di - i soprophdreet tmere preferatdy aetividel, andidimtthy] ethat hahabs prefemablyny! ket one,
acetic acid, _and m xtures thereof. [00125] In the nost preferred

enbodi rrent mfth%l ‘eedstock is selected fromone or nore of nethanol,

et hanol , i ti,0n .03/ 059850
PCT/ US02/ 3 %Mé‘feﬁegesﬁ"ecog d%%r%hs%!’ed ﬁgrogge? r{)?uqar?%?ﬁaeﬁg kR }Q&O‘iuﬂ%f‘ﬁyl et her,
and nost proRfgemald, shord'pirfianl gy a Tdedstwel tmnﬁl@eﬂ%&ﬁlﬂs lscboﬁc&&aed above,
particularly a feedstock containing an ygenate nore particularly a

f eedst ock mmaaﬂmnﬁ@omomwmﬁn@s Tholefin(®dr ofpfinmaeriomer(shpdoced or nor e
| ef The .ol lLefip no roduce e feedstock
?ygi I(:Qll(lsi/ t}Prfe‘?d %%fqéy@%al]gahaﬁ%ﬁo %Wg‘d%ﬂ’ LI~y e‘iagfy& rbon atoms,
more pr ef ercﬁr@oﬁa?orﬁsonﬁ)r@? RO QQHE’ca%hlaton'%Dgﬁll H{o‘?éﬁfegeg%%?t g 4 carbons

atonms, and nost preferably ethyiene an/or prépylene n-limting

exarrpl es ofcaboa$ atnmsmrmlrmos(t@)eferablbrwdgllmehymmpeopqumeopyI ene, butene- 1,
pentene- 1, 4-nethyl-pentene- 1, hexene- 1, octene- 1 and decene-1,

preferably [%QWH eneNoﬁrlwméﬁ@mﬁﬁﬁ ehlefin n}?@ﬁ’i"é’f@ include ¢HByIRR4. - pent ene- 1,

hexene- 1, t s) include
unsat ur at e%‘f&ﬁ%@?\ﬁ%l Ilh(?lé %WI pﬁ&engiﬁéggrl o’n ae{ll‘ in(dconj ugat ed or
nonconj ugatdeehrﬁue@ﬁeramgleytﬁﬂt&e, pmpylyhe HORABE! ferddid- G YChéthyopiidnas. [ 00127]
In the nost preferred enbodi nent, the feedstock pref erab?,y of one or nore
oxygenat es,l @ieééﬁveffft@@dl Wﬁﬁ@erﬁﬁh@%@tbﬁ cdefiromenemnerfs) shadude cat al yst
corrp05|t|on| 2t06 ons _at ons eerably2to4

lefin
carbon at Offg e% %%‘5%% 4 Vlms A RA %(035 oD AUR% C%'?Ju ?nat'i on, are
converted fnbﬁéﬂrﬁ\ugaf&@é{e@%lféh% iy RbrdmeyardeRelicolefiel erably an al cohol ,

nost preferably
[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 preferably
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 (MTO). In a MTO process, typically an oxygenated feedstock, most
preferably a methanol containing feedstock, is converted in the presence of a
molecular sieve eatalyst composition into one or more olefin(s), preferably and

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



met hanol, to the preferred olefin(s) ethylene and/ or propylene. [00128]
There are many processes used to convert feedstock into olefin(s)
i ncl udi ngwoasiossso cr acki ng processes such as steam cracki RgT/USoE398d
regenerative cracking, fluidized bed cracking, fluid catal ytic cracking,
deep catal ytic cracking, and visbr eal?i3ng. [00129] The nost preferred
process is generally referred to as nethanol-to- olefins (MIQ. In a MO
process, tﬁﬂﬂlﬂé)ﬂl y &monxgrgloethiment dfekasborsk fommaversipnef erfedikipcla met hanol
containing fe is.converted in the presence of a nnlecular Si eve
RSP

catalyst ¢ edsieck OREARIPE ABT B BPREFGXy BENatesyihegtonst of olefin(s)

b ot (o) Rouss BEGERE IR EBL IO b BRI et a3 et of (e
process f orwdglitypercehy preférably fepeakattaks0 weibsf wiedut,ymére peelabGlte£gNt ai ni ng

one or nore, ox enat es, the amount of ol efin(s) roduced based on the
total wei gﬁbaf’o 916}1&6&?%@6%@@6“@@}’ groater dhant 1iawmeiBlt pewsnght per cent ,

preferably er han 60 ferab ater t han 70
wei ght per Jen ﬁandrI %Slnﬁrtﬁeggg%ﬁvgy § B%Eéﬁeﬁﬁ%'gﬁoo Ot thB?

[00131] | n@f}g@@iemﬁd;obgroi@lea@tfﬂomﬁ%c@ﬁvepﬁ@ﬁ Gférﬁ&y@éﬁiité’ﬁﬁhgg%o@écﬂﬂa&mt s _such
as ethylene and/or propylene fromthe conversion of an oxygenate using a

nol ecul ar  sgivevatalyat einyisitivoripdesctibahinilé S deaentiNie @, 137,002 flindaat ent  No.

6, 137,022 (I P 00/ 74848 shed Decenber 14,
2000 (met haﬁ@ﬁ??pF%‘igwc\h@y‘i%‘fﬁgtpu&l%@v?%%@?“ Rﬂn?@(ﬁ) Gpedhanpl umigieer n f ul | y
i ncor por at [ Q432 odi ment,

contal ns one el RIS, whipd et ekl IRCRS BGtered B SRE AT C

concent r at i[6013@] t h&hé edstbdchn oﬁ&fldnbdcbrngﬁtﬂ@dirﬁduhg/oﬁ&)dibmmeal@lhbﬂt@)t o the

f eedst ock or gﬁgi ecul ar sieve cat altyst conposition. Non-limting exanples
of di | uent YRIFEIYUIEED Froterdss the cepssniration ol das ee@%@%ﬁl%@m@ﬁw@lywmn

di oxi de. vl e BRI AN aACLLS %apayﬁ@uﬁggmégr? ASG| Anignea! kanes such

as net hane, ane ropan e esse reactiv

conmpounds, e&ﬂdpleﬁfbf(dlweﬁ&; 1hd51&de€ﬂéhumﬂé%oﬁipﬁi&ro@élﬁfc@tfbbﬁ%cﬁﬁbkkﬂ@ Nasbodl € Wat er and
nitrogen, with water being particularly preferred. 00133] The dil uent,

wat er, is @ieddeMeatErespentially nguireactive pardfiips (espesialy allpnes such as
methane, ethane, and propane), essentially non-reactive aromatic compounds, and
mixtures thereof. The most preferred diluents are water and nitrogen, with water
being particularly preferred.
[00133] The diluent, water, is used either in a liquid or a vapor form, or a
combination thereof. The diluent is either added directly to a feedstock" en;;ring
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 No. 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.



conbi nation thereof. The diluent is either added directly to a feedstock
entering into a reactor or added directly into a reactor, or added with a
nol ecul arweicgwssscat al yst conposition. I n one enbodi ment, pCharsarsnsmt of
diluent in the feedstock is in the range of fromabout 1 to about 99 nole
percent based on the total nunber of | es of the feedstock and dil uent,
preferably fromabout 1 to 80 nole percent, nore preferably from about 5
to about 50J0H84l prEheprabssy foremvertiogt feedstocly esprcial 3 febdstanke enbodi nent ,
ot her hydr ocartbons are added to 8 feeﬂ%t ock either directly or indirectly,
and i nci ude "SR OF BIore p¥Yerpdlps: 1 e ptesereegt g aplscylar sieveaialyse U, S,

Pat ent No. itdto b -&1@; Is ! of ,
preferably g?lgggﬁlene,ftgﬁgiﬁ%tﬁ@’?{)cﬂy eﬁé?égeﬁgﬁ%ﬁ%&é%%?%%g{o ons having 4
or nore cambere the prosessds a fiked bedgsrotdssrfhdidiZ ML BHOBI8 FfeRfably 502/ 39644 34
[00134] The &éocess f.or converting a feedstock, especially a feedstock

cont ai ni ng SAMIgPUTEdized Debpraeess, andimesi ereferably centinucus highewlocity si eve

catal yst Cﬂﬁﬂ@&h&k@ﬂnﬁgsthe invention, is carried out in a reaction
process in a reactor, ere the process is a fixed bed process, a

f1uidi zed begbipspcesBhe RAGIBITRBYsR cak GIRE ipRUOHSa Tdritiflbradpedrepliggess. and
nost preferably a continuous high velocity fluidized bed process. [00135]

The react i ofurasdbidrcaetars thatihavphderseibed ar fized bedzonts amt/ai fusti ¢ react or s
such as hybgi d.reactors.that have.a, dense bed. or fixed bed zones and/or
fast flui d?%%azeﬁi’aﬁ FRgRY B1Red 8‘?1‘&’%6%@6%5%01{%%1‘1&41‘{1&6# B3 15241948, f | ui di zed
bed react or fiser rbdchf§, ah@ @fel 1UeS . SudABle (cBBventikfal re%%{otr%eg agegcgégwgh(?%ﬂé react or

types are described in for exanple U S Patent No. Pat ent
No. 6, 287, 5eanfrledl.S. Pateat No. 406,799, W]. 81 Radrit do. ER§T 52 (duadrisdd), ak@ni i and O

whi char o AP Erelier e D o poR At b WP PeeLbNee: Kronsae) The
Reactor .l ra o AR R R T athe LR BRRh e BERERL Y 50 £ A zenz
and D. F. O hwogpoReédtiyadeteréieb) i shi ng Cor poration, New York, 1960, and U.S.
Patent No. ?O’O%gg] 282T}1(efp?g£[efr];gl lrjeiagtio%ted eg(raedrige(ra?e%gt%;s) ’engrr;l(ljl Lé'essc'ribepczlsl Enent
Application yp g y

Riser Reactor, Fluidization and Fluid-Particle Systems, pages 48 to 59, F.A. Zenz

and D.F. Othmo, Reinhold Publishing Corporation, New York, 1960, and U.S.

Patent No. 6,166,282 (fast-fluidized bed reactor), and U.S. Patent Application

Serial No. 09/564,613 filed May 4, 2000 (multiple riser reactor), which are all

herein fully incorporated by reference. N

[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



Serial No. 09/564,613 filed May 4, 2000 (nultiple riser reactor), which are
all herein fully incorporated by reference. [00137] In the preferred
enbodi merwp 0a/0f488 di zed bed process or high velocity fl uipdirasdz/bseds process
i ncludes a reactor system a regener at:%én system and a recovery system
[00138] The reactor system preferably a fluid bed reactor system having
a first reaction zone within one or nore riser reactor(s) and a second
reacti on zcoW&e ogfalyst porapositivasy cokesl virsiem wudofigs nedeked. predeer abl y
conpri sing e ar re cyclones. |In one enbodi nent, the one or nore riser
reactor(s) ang d&ffl?ggt&gﬂ?%ﬁupa\rl ¥R FQ?IQ(StcCSmpﬁ?WQH ohpelsH yersicly thefleat iseact or
vessel . Fr Qﬁ)ﬁtaﬁéﬁd’ﬁ}?&ﬁquiﬂ%?%@s? &bé&nbiﬁﬁ%qhépegﬁ}p{?&eto%rein hfoXYIFAL es,

[ is fte

optionally with one or nore uent (s), o the Oné or nore riser
react or (s) tharisdiredeta(s).qotfetablyothe Xiqoidiis evatey pemethagel Rl th¥\ea9i3/2859850

PCT/ US02/ 39644 35 ﬁi eve catal yst conposition or coked version thereof is

i nt r oduced. M§h8HRICh 88 BFQ8FRent ;. the nol ecul ar si eve catal yst conposition or

 roduced. . ol ecul ar s mosi ¢
Chereof . pritar To. bar ab SR ARGAEHE Al o Bkl (R palefBET or bl y 't e

liquid is Jaeindy with sredpoafeelistodk)tb & RactdaSystdin &/n thdY@hde SAFori@Ch as nitrogen.
[00139] In an enbodi ment, the anmpunt of fresh feedstock fed separately or
jointly wit¥eightpsispt Pabagitddckeightmercent aeaferablyyfrmeabdus 1iweighipercange of from
0.1 weigh t.q about. 85 wei gh rcent referably from about 1

wei ght per E:t%%@;lﬁ? g%%@ﬁ? erfgntv\galéwre%éaﬁbégﬁpp %ﬁi‘fe? ﬁ’F’@ﬁEPeéﬁ%/‘? ¢ #RA%¥ about 5
wei ght per aBn{eibia RRAHL baskPoilBiedbll REREES MORSEGo A BinE oAl gL Nt of the
feedstock including any diluent contained therein. The Tiquid and vapor

f eedst ocks canigingd dhexeinb (The bfjuidiand vapor fewisipoks ik preferablyofsingian varyi ng
proportions me or dif.ferent feed?tock with the sane or different

of t.pe sa .
di luent. [ GETRET PRI (GMPIN2BORE BIODPHIPNS PT the peiap at differeat faegdsteclol ef i ns,

car bonaceoygh MERARE bSdiACFUMMLALE On the catal yst used to pronote the
conversion reaction. At sone point, the build up of these carbonaceous

deposits cd0@lkd] a r Euwiog itterconvertive of oryhates to/light olehias Gaftmhydbus 0 convert
the oxygen %itegosfit(sa %gcén?ulr!ltie %lq E[heoclateaflglsrt] lsl'sedAt\E) ptrohrilgte the conversion reaction. At

some point, the build up 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 longer convert

an oxygenate to an olefin product, the catalyst is considered to be fully .
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



point, the catalyst is partially deactivated. Wen a catal yst can no | onger
convert an oxygenate to an olefin product, the catalyst is considered to
be fully woeaosissat ed. As a step in the process of the pr@seniSoy/spsenti on, a
portion of the <catalyst is withdrawmn fromthe reactor apparatus and at

| east a portion of the portion renové@ fromthe reactor is partially, if
not fully, regenerated in a regenerator. By regeneration, it is neant that
t he car bondesmbly, depateiit foaraboat 0.2%eaaaboyi#084, ahd ymose desiedlyf from t he

catalyst. Desirably, the portion of the catalyst wthdrawn fromthe

r eact or isaba‘tmloéé)(s%loﬁé%“fﬁg’rly deactivated. The remmining portion of the

catal yst i rea r I | t.hout regenperation.
The regengbrﬂtal'%1 g]d caﬁgﬁ{?@? Pr%l %%Falt'%s} ke%e{u%%taér{%%%ﬁeﬁg}ﬁ\{lnstﬂ? Ré&r° gpﬁ?ned to the
reactor. Resion@isihg ddyged.ahg 0l awidiloebdavingitbbeh HATO] 88 defireline cat al yst

for regeneration is fromabout 0.1 %to about 99% of the rate of the

cat al yst exdgenergtiethgasee abherxygibeancirBdidnis 98 san RORIWSOIN0 89644 36
desirably, the.rate (s fromabout 0.2%.to about 50% and, nost desirably,
from abouforgm\%]f??ﬁ%’eg%’dﬂpug%e Of'ﬁ%i%ﬁg Pl _ ,h_of PROTIAY %‘Fyst_ regeneration
i s carriedrdherh@r.! The BIAFENEE Mo B reGaRrAGIRALSIVRE, WY Fftogd, r and air
diluted with nitrogen or are desired regeneration gase‘%. The oxygen
concent r at imxtuies oflhydrogen 4wl cagshmarchaxodeaor athat sutthble dedueinglgates. m ni m ze

over heating of, or creating hot spots in, the regenerator. The catal yst
ray al so bgmrléaener ]P%%Pt@%%%%yi Reapgengrates inyay sgmher ofmsthefsesbaseh.hy dr ogen
and car bon N0X] D i . i 42] The

cat al yst n%ém'glglé{rlggeerﬁgé%@ég&lﬁsh§§%§/&ﬁ%§§§eo%dt§§ﬂeﬁgt%%ggﬁws ({)aga?ct, cont i nuous,
sem - cont i rugenkgatic isa desirddl mathb@NDEdiebBY the iy st uBEhefadddab ¥idtvel
regeneration is a desired nethod. Desirably, the catalyst is regenerated to
a level offeawining pekedsne abow i Howihe to 2baut i v of tisovaigltof the, % of t he

wei ght of Fggl scat al yst. [00143] The catal yst regeneration tenperature
shoul d be Trom about 250C to about 750C, and desirably from about 500C to

about 700C[00A4BEal EXCHANGR FegelBHtiOLteH TR SEAN bO ok oheIsRec g ure within
the regenerator to the desired range. [00144] \Wen the regenerated

cat al yst f leant 7H&Cy; anbdesirablyrirans abast 60Edorbowt 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] Desirably, catalyst regeneration is carried out on at least partially
deactivated catalyst that has been stripped of most of readily removable organic
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, nitrogen, 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.



reactor apparatus, it may be returned to the di sengagi ng zone, the reaction
zone, and/or the inlet zone. It may also be returned to a conduit which
recircul awev3wssso cat al yst fromthe di sengagi ng zone to tReTIiUshEs962DNE.
[00145] Desirably, catalyst regeneration is carried out on at |east
partially deactivated catal yst that h#& been stri pped of nost of readily
renovabl e organic materials (organics) in a stripper or stripping zone
first. Thi s[@ﬂi‘q]ppi ndiedesiistask eatshing Wedreforysisimiy tiausgrefeplyng gas over the

spent catal yst at, an .elevated .t erature. Gases suitable for stripping
i ncl ude st e%/to Velﬁ?df P%@irlr’,' O’héﬁyu’rﬁtﬁgmﬁ%ﬁ?woﬁé?mf‘alﬁ@agﬁ?ﬁ‘?uS@ffluWﬂTaégen_, and
m xtures t hgfi@9the diseRESSiRE V&Le1985h @itﬁﬁ%@{@dcné@g%%fﬂé\}eﬁ:a%@%ﬁe velocity

(GHSV, based on volune of gas to volune o a e) of the
stripping gasnpositionoin tiequefefed ethbodimengbpilone?s), valln We depentiab! e
tenperatures of strippi are from about 250C to about 750C, and desirably
from about VeSEHEre Slggﬁt% ssyyele thppnokcoossr eoitywsompegtas, 37 [ 00146] The

f eedst ock ' r t i.s_thus.preferabl converted,

partral Ty aroign bR Re Rl o3 oot o e dste effertent ¢ hat
enters the anttigfohd\er e Rfih)ORghiniid HisengRkag oM. acHidies 3iceve catal yst
conposition. In the preferred enbodi nent, cyclone(s) wthin the di sengagi ng

vessel ar e RieSrghdwesers ssaitnetecth within the disenmgaginpwessehtvll yisd sqarmesi t i on,
preferably nol ecul ar.si eve catal yst conposition, fromthe gaseous
ef f | uent ctgerblg5 %lla(lﬁlgr?ﬁmgﬁg%?s th%gaesie?‘f‘?(%ﬁu%tt T b g derigagriing zone.
Cycl ones - arthe cai9iebipdsitibRRYAthe MMt BichRicthd bt dlsengagi ng
vessel will also separate the catalyst conpositions from e’gfs‘f‘éous

ef fluent. Glpeys, ped thodikef or separating the catal yst conpositions fromthe
caps, elbows, and the |ike.

gaseous ol fhepy | e heiies ol PLstes, caps, elbowe, and the |
3 sengagi ng iR A ARGy FESe opkBl AR BT P RSERG: e above.
[ 00148] Thevesshisehatttipging gefclindeothe@ourditibnonotgesives to |ight ol efins
}/?;ic? IS Onogﬁ{)OﬁlS ! deT 2 ?e%apeggtgr%rhgéﬁ?t’o c%tnvér? g}?}ggeingtesp %rlggiht gﬂ:ﬁ&l? Sar(i:eit alyst. the
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 about 200°C
to about 1000°C, preferably from about 250°C to about 800°C, more pref:éfably
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



regenerated catalyst in a catalyst m xture, and the configuration of the
reactor apparatus and the reactor. The conversion tenperature enployed in
t he conveweiodn398pr ocess, specifically within the reactor ®¢IUSn/39634in the
range of from about 200C to about 1000C, preferably from about 250C to
about 800C, nore preferably from abouf8250C to about 750 C, yet nore
preferably from about 300C to about 650C, yet even nore preferably from
about 350C PrsssitsenandgOeSues fom ghoef @4 &Bh yo dcml 6bMRa. I50&ited pasawt 550C.

Lover t | It in tes of tion, and th

For mat 1 on. r A ESIOROYHE e PR, rVPARE Fost dreGanls Eomalipobé bhetorar ked! y

ol over. - HoweyRi 506kp4 CTRER A prol Rtk @b rbb Aludd OfFur h NGLBEOFESS MY NOt
Ight‘olefin p shd @ FheEd

form an opti mum anount of roducts, @t which

coke and | i git refattatheipastial pressure of the fewdlt3liy@laté¥ay oREEIER doBPouttisgh. [ 00149]
Light olefins wil| form-although not necessarily in optinmm anounts--at a
wi de range #/YraEdyresthereqt Rigrsvees astridafithe ptaied sahgepmay be ogehedus WO

03/ 059850 PCI/ es es_and pressures from about 0.1 kPa to
about 100 a.ngig)%%lgrﬁzeh Hbﬁ%s? §5 e %mfv?%?’ﬂnat}é’ﬁ‘fer %I.“gu L¥XEEBEft 34 MPa

and nost depiessaid faf bOBraDOMTec? Selkdtaity CcordBRih, QG JR%:, 8;[(98 ,feggtfg,gpl ng
pressures do not include that of a diluent, if any,” and refer to the
partial prekitihewgyert light pledias agll istill fatearsls farchaxsegemahease eongmaessds  and/ or
m xtures thereof. Pressures outside of the stated ranges may be used and
are not excPrﬁﬁsélaﬁ?rFSPr?sfcﬁee %b%tsth?p’feﬁ@ti%‘(?éﬁ?l?'on. Lower and upper extrenes

of pressurporsy] adveiasl Mngd bERHSRL R lh 6%61\1/\#??3’:13{6}%%%“%%&%@ ng rate,

and/or reaction  rate; however, |ight olefi ormand, for that
reason, theddines s eright of totah peyEEnate tatle reaioh dereskr hant p@fwdidle opr esent

i nvention. %O%ﬁg% A W’égli? raqge_of VHSV' s for the oxygenate conversion

reaction, 8 sigee 1pdhestrtalyst in Hiedpachiop ganm fienction pitd thepresinon zone per
hour per wej,gbiiopf G [pve [N the catalyst in the reactjon zone,
Funct Fon w Fhoyica: THERUET Bl 1B AP AR IR ol dat 6l SRR cactf on

zone i ncl udihs vapdr and Yigeidahesd. nldtuh th@italppaiay@batald SiHLdnRBage. Al t hough
the catal yst y contain_other materials which act as inerts, fillers or

bi nders, t hWh9paY gsdnesty) Bllerapebinders i SV tinealculated using only the
weight of molecular sieve in the catalyst in the reaction zone. The WHSYV 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 hr:,
desirably from about 2 hr"' to about 3000 hr"', and most desirably from éb;;it 5 hr'!
to about 1500 hr”'. For a feed comprising methanol, dimethyl ether, or mixtures
thereof, the WHSV 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



wei ght of nol ecular sieve in the catalyst in the reaction zone. The WHSV is
desirably high enough to nmaintain the catalyst in a fluidized state under
the reacwbDon/osssdi tions and within the reactor confi guratcerusansbedesi gn.

[ 00151] Generally, the WHSV is fromabgut 1 hr -'to about 5000 hrj'",
desirably fromabout 2 hr"' to about 3600 hr-', and nost desirably from
about 5 hr"' to about 1500 hr"'. For a feed conprising nethanol, dinethyl
ether, or rrRietabbsgreataethant mistre Sapidur ¢xempésiiSaPhignbAppleation Sédait 20 hr -

and nore degjr, I out, 2 < to.,about 300 hr"'. [00152] The
superfi ci aﬁ%é@w\pﬁf}ééﬁ%d g%&?ﬁlb%g’ ?@%O’Wg’é‘a’s‘?g‘ﬁlif’lq WEPTRATAY Wi | uent  and
reaction prigfiugics. W thin the reactor systemis preferably sufficient to
fluidize the nolecular sieve catalyst conposition within a reaction zone
in the read08153] The ASuidized bhé rqpenaetns may de toperatedrih Venve] faibulédheorr eact or
system nore Bﬁr.tiﬁ,ﬂl rly . within the riser reactor(s), is at least 0.1
neter per <ECHRHRE (risgrimede ) gensg o Birbplentipedeni®ppratier is nor e

P <fr bl ekt AT BB LSRR el A1 BB BRI D Pocoss:

m sec, yet even nore prefera reater

PCT/ US02/ 3%hédunt@8d pihef ﬁfe&b%ﬁ@faﬁ%&s&feld&@ df el H8CatioreRis i Pt P! € U. S.
Pat ent Application Serial No. 09/708, 753 filed Novenber 8, 2000, which is

her ei n i ncd:Ylo? av/eas- ble mixing pEsndids inf the 1188e zané isvedy gewl!, bedithue gsnks at or  may
be operated._in. .dens turbulent, .gr. circulating flyid bed (rjser) node. A
dense or tﬂ? g?lglﬁtun?%%%l%?p% gﬁﬁé’t”ﬁﬁ?l theg enﬁ‘?@?ﬁ%&@?‘? Hg}b&eé’xic’@%@? dense
phase and & cppgicedid dpBSIRNATR re8Bbrdtsr i@?«&ef&bhﬁénnfénﬁl%é'hﬁﬁe?gﬁlgfi%e” t he

superficial gas velocity of the fluidization gas I's betwee -2 nisec.
The m xi ng pbfses Bieiidesrdhangenef sdbdsie npbsverapsl, wet gnygoothermisdeddivas results in a

fairly uniformtenperature within the dense phase, even though the
oxi dati on 95FMLRP %%?@HW@%&WQF@%& 1 & WEWPPIRPER HICEAS? a5 e ver y exot hermi c.
In the upquuiggét}gne%as gg@gghr(;%ﬁ thidt.gsLhange of solids is not so rapid, and
any exothermc reactions occurring in the dilute phase will result in a
t enper at ur d00¥5eH easé fisidizhé bed fegbmtratat inay agasppasdies cirbilatghflsihi s zone.
[00154] A fl Hi dj zed, beg regenerator nmay_ al so operate in a circulating fluid

bed or "riser" mode. Such a mode of operation is 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. In a

"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-coupled to

the riser exit, where catalyst separates by centrifugal force. (

[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.

[00157] 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



bed or "riser"” node. Such a node of operation is characterized by a dense
phase of catalyst flowng with the regeneration gas in a "riser", foll owed
by di senga@iongsesso solids fromregeneration gases in a di PEmMgsgY/sag4L£one to
forma dilute phase. In a "riser" node, the dilute phase may be a

gui escent zone outside the riser wher (34O catal yst separates by gravity, or
it may occur in a cyclone that is close-coupled to the riser exit, where
cat al yst sejaout eérelggrcuienvod de@gaﬂalyﬁbtlredeve[l ﬁﬁﬂegsﬁeraﬁgﬁt}rélmghtofouﬂhe nmode,

t he dense phase i.S .where th hur ni e ction is intended to occur,
and the di | TPES PHAUR: figryRer lﬁlafﬁéo%‘g’mé’@% tedpieespydesigiepar at i on from
the gas begips:.cidRRdo6] Secondary reactions may occur in the dilute phase,
resulting in tenperature increases above the average tenperature in the

dense phase[00M3gise @;@@aﬁatabmmmﬂ fiRuRiteasaiatatmededtfastiphidhe addition of
a CO oxi dati on, netal [ 00157] The process of the present |nvent| on is
cont i nued f%’Pl‘hthﬁéﬁ"r’%@féf’mme'r'@albémamfﬁ@é’h leyes pf ad casyeling. o‘é!hlle: ed |ight

ol efins. A Pdoe/ag’é@%}lg&%?‘ﬁ Ssiglglrl R d?f%{ tatu%f(’g?@g?‘gl;ﬁf’llaé[]ye .ight ol efins

may be attal ned by the

reaction teﬁé&ﬁfe@?&é%reﬂtﬁl&loﬁﬁﬁ%ﬁwﬁﬁed Eﬁ?rd&%&@hé’@ﬁs&:ﬁ@h %gﬁéinllyt&}% YfR 03/ 059850
PCT/ US02/ 39644 40 anount of recirculated spent catalyst he Inevel of

regenerati OQQHV@YH@H\AE&W Oi6Lorllgss. Spae eccydingoint tp,as nhehswpbotisov=df vel ocity,
and ot her sg ﬁCt ed [ocess dﬁ@oa% ctitfar acter,istics [001585b Oxygenat e
conver si on SREGHFH 8BS AYPRELH SR %lCQHqu?OIHF%??Q‘HnaHQ/‘Hl “¢%e need for
commer ci al | 3bolgus GRI @RIr&d. |C§)Y1%r§1oﬁ ratbEf! ? téuH 1nVé¥HS rgn elogq/oxygenat ©
conversion is desired for the purpose o onp ete avoi dim ged recycle,
a reduct i orfoiahoutrf8&hn-eding)e-mnetibn of methsdmfaﬁﬁha&etd pEfsSMHrﬂMaMRﬂl fuhe

conver si on s ab ut 98% or | ess. Since recycling up to as nuch as about 50%
of the fedd® PS%mE]S?eri? e Pyt preet @ptestitiay Limgad & silivptingensrf r om about

S0%to aborH&re %%ﬁeafoﬁoéé% /rgﬂtlom&}{g&&aﬁh@ Iregstu? edgvef%}]w ed in this

range -- 50% to about a nunper or r to persons

of ordi nar yspsde Yellodity antlfoe gay supefficalPElosity)NEdtal ﬁ,redﬂéblaﬁbﬁrﬁ@tred&?&essar' ly
limted to, adj ustlnt(gl) one or nmore of the follow ng: reaction tenperature;

pressur e; fqpagya‘plétcgn g@a‘r@m r996tor |09nﬁgurat10n 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 catalyst
composition, the process is operated at a WHSV of at least 20 hr! and a -
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
such 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.



space velocity and/or gas superficial velocity); catalyst recircul ation
rate; reactor apparatus configuration; reactor configuration; feed

conposi tiwn03amssmt of |iquid feed relative to vapor fee@dCTASOUBH64DT
recircul ated catal yst; degree of catalyst regeneration; and other
paraneters which affect the conversiof! [00159] In one preferred enbodi ment
of the process for converting an oxygenate to olefin(s) using a

si | i coal um|[f@k#ids phétler podcessel for coirearting a akypehate swolERshéthanl td e process
is operated at a WHSV of at least 20 hr"' and a Tenperature Corrected

Nor mal i zed WBIBaAKTNS) Bing g majequiperiors cyirlypleompopisian ate desgibegrinf er abl y | ess

h . .No, , Which i
her ai n ful Ty | Beop bar PR R 8o BB e Ao ko ront of

the pr ocesszealyfsofee@muk&le:)bswe 8NatQXa40 E0R vhiclS1d BRredSindBripBAAQ] byt © one or nore
ol efin(s) using a nol ecul ar sieve catalyst conposition, theé WHSV is from

0.01 hr' tdaecfgssee- 100 hr-', at a tenperature of from about 350C to 550C,
fromthe Periodic

d sili 208 Me i €] AR VI . el
Tabl o of cI0fiEHTe) Hf Sl et ions rigBi eesmasistn Eaa btk o EP- 0
642 485 B i i | [ 03/ 059850
PCT/ US02/ 3%%64%%%%1? ﬁfélﬁf&féﬁg@&%?gggggg@% r g)gg%%g{l?%ngl%gﬁceg%genat e such

as net hanolthe wgereatioosystemeTid epemfajonsystem @mppisecitegenditer@heat al yst
conposi ti ogla%a{fipgescri bed in  PCT WO 01/23500 published April 5, 2001
(propane r ftalystEampositign és contactadyith ¢ pgaRarelion Be¢B®ur e of at | east

) ClpréBrabS Al bRARAREGT Ber JELA] RBGRraliUBdiQI0G COke0

S Of .
mol ecul ar sieve al yst co on | rom 8 %ﬁsengagl ng

vessel , predmpadhie, pigs@icarl residéeeaingd. ones(s), and introduced to the
regeneration s¥stem The regeneration system conprises a regenerator where
the coked ¢9198) st Newpayiing examplecefithatazenrratianmedivogacladeacicon medi um

o temper AP B oRBA T b0 6T e B804 S Bb SRR AR g exampl es
of the regeadbadiciieBdigeiuhdGatid €USNPaeht NOW, B 507030 MARA mBRxiddB: N2O,
NO, N2, N2Cb, air, air diluted with nitrogen or

and/or hydrogen. The regeneration conditions are those capable 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 molecular sieve

catalyst composition. o

[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 kPaa).



carbon di oxi de, oxygen and water (U.S. Patent No. 6,245, 703), carbon

nonoxi de and/or hydrogen. The regeneration conditions are those capabl e of
bur ni ng cwke3/0f9ssm t he coked cat al yst conposition, preferbtuson3imsd evel

| ess than 0.5 weight percent based on the total weight of the coked

mol ecul ar sieve catal yst conposition %htering the regeneration system The
coked nol ecul ar sieve catal yst conposition withdrawn fromthe regenerator
forms a regl®ft6St ed Thel eefulred residene timabfihy siioleubgeakive catalys] 00164] The
regeneration tenperature is in the range of from about 200C to about
1500C, pr ef SIAASoNIR Medparyeraaein he sgg ol fiopodbouhencaniputs lesarirgl  from
about 450C . e o out .550C to 700C. A
heat exchanﬁgde?lrr @%@é{ B%?eg'g’el @ otgg%b?@tgi%{e&f%%%%rsa nlﬁift ge Rfei&f{fe \{o:glgne

regener at oroftoxypBieintis bassd il @B @ghge DIGoRLRNED B infle PEB&H Y Bhdu 51 N the range
of from about 15 psia (103 kPaa) to about 500 psia (3448 kPaa), preferably
from about 2ole psejeat papgBok thgdytat volubmeof thes@spsi a (1724 kPaa), nore

f bl bout 25 i. 172kPaa). t bout 1570 i 1034 kP , d
Post “pr of rBREIE orth aBR srBSehe FpaatonBamots gD B8 bs 5 (414 kPag)
VO 03/ 05985016k ISOiRA M ucltta o AAEaTREuRRS SRS £EShARNGR,d | e of the

mol ecul ar sieve catalyst conpositionin the regenerator Is in e range of
from about mgeerdtondieectly, o evdreatly, fhoenasplenwith tipr @ked edthlystabout one mi nute

to 100 mnutes, and the preferred volune of oxygen in the gas is in the
range of f rHEOSHOR @‘HWLIW"@%%@%@% afpshimdacculpsisvpertalyptt based on the

total vol ung, osftilaﬁ i98Rted kg@%@ enuf%t g@gllljtg]%%‘%i %ﬁg&ge.’ratfo%qg&ﬁl{irﬁg)gon promot ers,

typically net containin onpo I num pa i um and the

like, are asjgen tmi whier ag degaitetat OrS.diate@e Noy 6,205,703 diti@cishsreid Allyexanpl e
with the coked catalyst conposition. Also, in another enbodi nent, a fresh
nol ecul ar siperRoR@teddlyysferenednpositi on is added to the regenerator

cont ai ni ng enenat i i of xygen and water as.described in U S

Pat ent No. @Ogﬁ’g 70:}\?‘1\ étﬁﬁﬂé‘%ﬁﬁgléﬁée?rﬁeﬁf f%’gﬁlf?n oﬁef)orlrbc’gw&toéb‘{_ja%n Ptf erence.

[00167] Metaattonus@idLide B chiden BIORERNAINdEN VLAYt 98 cheratio QsAttid aRXi dat i on of
described in U.S. Pat. Nos. 4,072,600 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 1 100 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 to 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



carbon nonoxi de to carbon di oxi de under catal yst regeneration conditions
are described in U S. Pat. Nos. 4,072,600 and 4, 350,614 to Schwartz, the
entire cwotoensssof each being i ncorporated herein by ref @cense23wsuch

nmetal s are oxidation pronmoters selected fromthe group consisting of

plati num palladium iridium osm um43hodium ruthenium rhenium and
conbi nation thereof. The catal yst conposition may conprise, for exanple,

f r om about EHD@Sﬁmﬁhémumbdubmhﬁﬁ)aﬂcpman@nemghéuGdrh niderSpetigiyot er, usual |y
from about 0.01 ppmto about 50 ppm by wei preferably from about 0.01
ppm t 0 abomxa@p}fﬁmf Wf\/miftghtlnclflmaa]un&mla%ﬂwrhe@um ipdivent No. 4, 151, 112

to d adrow orporated herein rlbes a

hydr ocar bonr%]é:hgﬁ{\llnenr’srtllégﬁu%a?srﬁnumf MR85 ﬁ%y Th% folg es%ihg %ﬁm&f car bon
nonoxi de t cul&AeiaBsct %Qﬁxfél&ﬂeu@&técﬁgﬁ'lﬁ'i&t gﬁﬂd@fortoh%r Siﬁh%lel’a‘ié oPY the
burni ng of coke therefrom G adrow et al. disclose netals or conpounds

t her eof mhmlmg@mdﬁﬁresmtdm@asmdthysm e SCODaXitlatic@0Retalidsed toodesetiid ons whi ch

are enpl oy e to regener, ate({e ent at al yst by burning the coke
deposited t %P’@B Ihveln SB‘FG %Eﬁlt,&d’é%g?ﬂ‘ilﬁ?j?'glont he catal yst will

contain on 916 re pge &ﬁﬁm h’?‘ﬁi Bl Periods 5
and 6 of oupgr\)/I I Pﬁlﬁyﬁe&g{efﬁl I cqulgflg ggboo(%lngg%gael’mgary and
Physi cs, 38ombi@iGB0hR&s0 aRCTC USARMESEAbmatd drelconskRbe) equivaRat um chrom um

and nmanganese or thel r compounds, Specific exanples of such netals include
platinum peimrsARdsReOmpRSA icompondedineial and/gr ﬁéﬁWFﬁl rhodi um osm um

manganese, {)ﬁO&Th € ﬂlfe TS 9?1%18{1 rfﬁgtap@aﬁlabe atdﬁaa/ to %a&éft %Fg T ?rﬁ“ect n the

oxi di zed st f an oxide, onpounds
are encorrpameambﬁofbﬁygeﬁémfo%kmﬁlﬁ@éwre@ilW@Jtsall n@%@}%ci@ftﬂ@ﬁﬁz@h@&x the
present invention and are thus suited to use in the present invention.

[ 00169] For %@Kp@@@@n@fal iaslded axlanetly tntberedtalyist byd@rodicits intortheret al , " " CO
conbusti on ter at.i o ronoter are consi dered equival ent
terms and ec%{ %’%gggvgmc? ﬁﬁ&%@aﬁﬂ%wQ&ﬁﬁ?%’i‘)c?ﬁsé"ese%?tﬁlpam[c 170] The CO

oxi dati on %hﬁin&%’i(ld)&qé’diﬁﬁ%ét&l Wihieh iy Bk cHBRA: a&n@ftﬁsgﬁoc essonversion of
oxygenates to olefins in several ways. In one aspect of e I nvention CO
oxi dat i on riesnsferring aidebstia portion et theyCQ oxithorcametal ;hstetdny i ntroducing into the

[00171] Such a separate particle can comprise an inorganic porous oxide used

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.l.ike.
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 IV-B of the Periodic Table
(Handbook of Chemistry 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



catal yst inventory at any suitable point of the process a separate particle
contai ni ng CO oxidation netal which contacts the catal yst during the
process, wWOrlansf8srri ng at | east a portion of the CO oxi daPCorusnysmh4
thereto. [00171] Such a separate particle can conprise an inorganic porous
oxide used as a and will include any é# the readily avail abl e porous
materials such as alumna, boria, silica, chrom a, magnesia, zirconia,
titania, theohteiteyilldppicalixtangefomhaboans to 40We $6 withttss prbsreday al so incl ude
one or nore of the vgaré,i ous v¥ell known clays such as nontnorillonite,

kaol i n, hal ICG8PTEON RaviRg:a dluming qonfrnt gf ahout Hhtp I5et. (%.arioupr ef er abl y, t he
inorganic p ] j f the convention siliceous
varieties C%?](%bglé%i %%@gie%ib%crl %gtr}r%gﬁ?&%%? ﬁagglgasﬂazaéa?ww& e'%mgju%tp abf an

oxi de of at Nosa®ZP0K66S arettBg44 5033 oups 11-A, [I11-A and IV-B of the Periodic
Tabl e (Handbook of Chem str% and Physics, 38th Ed., 1957). Representative
material s ili78He sPrefesably thaiGehoxiditianonetatig nddidao tisd datadpst particni a,
silica-thori iLica-titani sid{ ca-al um na-.zi rconi a, nmagnesia, etc. The
most prefer Irltgec}f'ijsilrfgfrl gant Erege_&?@X’sthfégdd%md%?é‘dn‘ggl ‘éag‘ffﬁ‘&l%?e $ythe cO

oxi dation phediRledh shch vEThR mANRiIIEO oRIdafSH &ﬁ%ﬁ.\l gl Y2’ © > 0% de
matrix material is silica-alumna. As is generally Known, “these materials
are typical cgtalystapasticdelsdrfaoamdiileintiainiy g i@ bxidatidytiens éposilohel is i xed

with alum natt 0 _secur efthe geiaigtr ed silica-al um na conposition. The al um na
WO 03/ 05985 BEOF POOPae4 Ahe lpkter eamy Rerpchigied byt yiilizing 2 (O esidationr om about 5

to 40 wt. Y%dilotidgi &;ﬁg : J & d Vi an al um na content of
about 10 to 35 W?. %H%a“ é’[ﬁlggh%ﬁggg??%éégg?%&d‘@g‘gme@é’aﬁ ‘i)}?'?nlnfgeocfﬁ}i‘et erature
for maki ng sathlystgpagiclesurtacee. g., U. S. Pat. Nos. 2,908,635 and 2, 844, 523.
[00172] Pr ei(ﬁ)égbl y, the CO oxidation netal is added to the catal yst

i I

particle 1 7 EvEle GRidsitien aresal iy incemperated inii thaséperatarpartitle os added t o

dopos t 1 on S PRERHEAL ErdERoRi B0 R & gt e 0rox dat f on
met al deposPtef@ablgthe OU eXill@fonnAtiE! is WitfRGES: by rtallieh o£AR phgicACh eved by
utilizing a CO oxidation netal-containing conpound havi ng g gl anet er
| ar ger t han"ithé spbitien gpaapmpowtd aflrae ot atoad 9fthe plardraitiensdimbatsen an

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 suitable

reducing agents. Organic soluble compounds of the CO oxidation metai may 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 Jarge 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 ﬁo 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.



[00173] The CO oxidation netal is incorporated into the separate particle
or catalyst particle by known techni ques such as inpregnation and vapor
deposi ti owoO 03@sesfer abl y, the CO oxidation metal is introdercedsby39644

i npregnation of the particle wth a solution of a conpound of one or nore
of the aforenentioned netals in an anm®nt sufficient to provide the
desired concentration. For exanple, an aqueous solution of palladium

ni trate andf0817%h| orlophatibotitneant ndheretiic 0O cxiddtantresdalis b IGraup PO ous

i norganic oxi%gesup ort,, t%ﬁproduce a slurry which may thereafter be

y
filtered, dPfBYC-LARAHRY, thysatebist prrdainseledsy SH% worpdr-998000to ot her

suitable r I J I conpounds ;of the CO oxidation
nmetal may a so%E‘g)pﬁrggﬁ’ﬁg%@%@rggpg%gﬁg‘#lénoﬁiﬁ]aal(%ﬂ??a&cetonate, Pt (AcAc) 2
can be used[0D®76] i_ntH’o@dﬂ@h@@di@@n@&f!ﬁ@?k&@nﬂmﬁlﬁon SHeRipthe@mound is
especially useful inasmuch as it is [arge enough to be excluded from many

nol ecul ar~ sPEdaioggnesl is plitinumeglatingmds prapamb it acan@Ono xing g foom Priopot er may
be cal ci ned,{n~accordance w.th ocedures kn to those skilled in the
ort 1 Gon ] IR R BB S o R NeREE bR B mretalas Bresount | o
greater thamnS9adeasRssap o ak i mount no great er
than 1% based on tot a% gat al ys(% g%%ﬁhl??a%gf?l%tﬁl%ﬁﬂ%%“%%ﬂno greater than
5000 ppm bal¥8¥7ln tloeakmbediaiensta peiighof thavoledmusiécuta sgveab@lyst han 500 ppm

based on total catalyst weight, qQr even an anmount no greater than 100 ppm
based on to‘foéi’?poéﬁioﬁlf%f/‘é‘?ﬂ\‘ﬁé?gﬁ%r.at% s disestiptothogme pegBuRriss [ 00175] | n

an enbodi re.: | dat | : 1 up. VB tal., e.g.,
vanadi um n?%éc%gtgé ylrg?ﬁecco ’t@ﬁfga%)k %@%%Wbé%%fea%sgﬁ%’ gr_ Cg?.n,tacge%&'lqio 100000
wppm say, G&A6MoltailhGR0 cuplyn dddymsitibal bdonrmetiagd with QRdg@kraeer an

enbodi nent of the present invention wherein the CO oxidation netal is
pl atinum pPalerHansiewe labsbeampasition oneetedregrgertpdimolasarisitie 10000 ppm

an amount  renbEEORPERa ESAB G RIBH baced on total catalyet weight.
[00177] | n @o1EsTbOodi TR Mumis SRddke dadéxdithemeakadionDiRiGH g Sieve catal yst
conposition fromthe regenerator is returned directly to the one or nore
riser reac¥ehqdimentothe iigvetioraserel withih yheegernsotioasystery issdnirollaé by eedst ock, or
contacting \\/gritoﬂs 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 passing the

regenerated molecular sieve catalyst composition through a catalyst coole.r. 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



fresh nol ecul ar sieve catal yst conposition, or contacting with a
regenerated nol ecul ar sieve catal yst conposition or a cool ed regenerated
nol ecul arweicgwssscat al yst conposi ti on descri bed bel ow. [ O0®CTAJSoFsws4bur ni ng
of coke is an exotherm c reaction, and in an enbodi nent, the tenperature
within the regeneration systemis cont¥folled by various techniques in the
art including feeding a cooled gas to the regenerator vessel, operated

ei ther in aidvatathlyscanipositiondr cosled pigena ol nvlesusar BRdecatdlysta conbi nati on
thereof. A preferred technique involves w thdraw ng the regener at ed
nol ecul ar §P@@851891@eﬁcy@tacwéwwﬂﬂsbyrp@ﬁucftﬁ vhthithige g@i}@nwfﬁlum@r( €¥YsWem and

passing th I cat St rrp05| tion . through a
cat al yst c?g 43?9?%&1%1%&1? z‘igoﬁ{ogg ‘&é@b%&aﬁ%&%@ lydpogporate Q\L% cat al yst
ConMposi t i ORefereRge. CHlta%bM}‘éIr emB&RIeht, aké’geﬁ&aﬁzﬁbﬂqbﬂﬁtﬁwb atdlygeat exchanger
that is located either internal or external to the regeneration system

[00179] | n compositibodoniaied withen elsoh@y prefyahip pthaed, Irptapoadlat-baiaavle cat al yst
conposition is returned.to t regenerator in a continuqus. cycle,

al ter nat i v&F XL ere€f$sm§85 9t‘g§ﬁlrFicéqr|SBﬁe@e?§ seq ﬂ”@@/ SPatense il ed
June 6, 2000} Rl S ANNG! 0d/ g5, 1 20MEES6EGSNR b6 JIRLACHEAL Flieve catalyst

conposition’is returned to t regener at or “ves$ a cont’I nuous cycl e,
and anot helinqoopdrated bptefefeace ool ed  nol ecul ar SI eve regenerated nol ecul ar
si eve cat al gst conposition is returned to the riser reactor(s), directly

or i ndirectf180hy ao&ﬁrmeéhpdéffompérat@g@ﬁégea@@aomyma@rln\sd@cbmcbsgsso
PCT/ US02/ 3%§4Patéh§ I\ﬁi %\Q@O%B ohith lﬁlgrrﬂ?(?lgt'u} i 1s %\?ﬁll{elﬁ ]é,ygenerat ed

nol ecul ar sieve cata 03| isC ’nt ac products within
t he gaseouSanEﬁdrate@by(ra@EnN@ 00/ 49106 publ i shed August 24, 2000), which
are all herein fully incorporated by reference. In anot her enbodi nent, a
r egener at ed0HSiLEcul \é@s@ﬂbé‘ﬂéh%@tea?f)@@tal}@b@pmprltﬂngm(dmutaaetewamarty an al cohol ,
pr ef er abl Y, tur ereof, is

h b t
intr oduced s eriﬁésaé@%%@?g‘f%r#ueé%e §é‘flsi rB’élcfe? W@Sé“}SPEﬁCEﬂflateS&ppl i cation
Serial No. tOR{céRactiBefeel iLMohabsuartg abbut I%QQ&nesmeerHe'sﬁamfﬁ%fnn fully

i ncor por at ed by reference. [00180] O her nethods for operating a

r egener at i éhowyidtte abeut 80itimesj @l mew desirably from about 10 to about 50 times
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 0.2 to
about 5 times, and most desirably from about 0.3 to about 3 times the totai ﬁfeed
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.



U S. Patent No. 6,290,916 (controlling noisture), which is herein fully

i ncorporated by reference. [00181] Desirably, the rate of catalyst,

conpri si NyorBloeass ar si eve and any other materials such &sThiSnzareg4
fillers, etc., plus non-reactive solids, recirculated to recontact the
feed is fromabout 1 to about 100 tinéd, nore desirably from about 10 to
about 80 tines, and nost desirably fromabout 10 to about 50 tinmes the
total feed [08188]of Geyyesndicemtdlyst vst bergtmratedDfsqueatiy ythe seaporti on of t he

catal yst, S'%olglarisi ng nol ecu{»%r si eve and any other materials such as
bi nders, fiPuf&llowcasy removal fageation pidhe eafalysidq @regenerstory wheradieat i on and

recircul ati . . ra r .:0. 1 tinmes to
about 10 tic%%é}{g 9%55}1 ej% 8%@?? égﬁgﬁé}%%ﬁlgg%ﬁ{n’ BI%E&%%E' a%%l&}?xﬁﬁﬁ?g s, and nost
desirably foxgperghwst plefedaily aidjae WurBoff colsfréhiehd eftalstf WEidh réstires @k

oxygenates to the reactor. One skilled in the art will appreciate that the
non- r eact i G&takyst pitraYhegonditivas pélgameraitrecoxpigehpartiel petsateysnd i n t he nanner

descri bed above. [.0018 A preferre nbodi ment of a reactor systemfor the
present invei ein_(gﬁhmlesm SR %ﬁl%fiﬁ)ﬁisglgﬁtgg 9 g‘%ﬁv&a C\Rﬁ? ﬁorg_?mtoflnuous
regener at i GBgensiatid dfalysP oPleBPASMbAIU: Bivet 9% ArdleydulF1e6d BGK Shout bisgd beds are
not practical for the process because oxygenate to olefin conversionis a

hi ghl y exotefhleast prpogessofithe chenesated catalystsbodd bk rattuagé so thictrénctoat er cool er s

or other c j devi.ces. The_.reaction also, results, in a high pressure
drop due tﬁ%iﬁg?pro & {poTtat fqr 8l rspeienstorbe depignpdyaich tha) agelativalyp 03/ 059850

PCT/ US02/ 396 avef éﬁ{ 1OR1 §13Js%kggf%%1§,|%}iﬁéa% G 1%!‘:1&3?—%%@9?1%%@?&% at ed

frequently, e ctor ow easy renoval o ion of the
cat al yst t abautrlefyemés, pteferablytietle tahge offadm blyait 2i 8t Bubpenit8d wigsa
regeneration medium_ preferably a gas conprising oxygen, nost preferably

air, to burReshpreieay in the gt drnaraut 2 Wit éhatous 2o Fé . dfie resgtoal yst
el S 09 L OSBRI AR,

resi dence tine e’ regenerator s >a coke

cont ent on théregesitobethe catBly&itiny tht esSofithereasldusibewetu¥aeditb feer ably | ess
than about 0.5 wt % At |least a portion of the regenerated catalyst should

be r et ur nedeactripet. Taids differert Gorsaiypicel Flyid Gpalytiafiradker (RS risemct or to be

designed s lfrgabztc;[r,h \%erg all %lr %?&)is%/ ()efl the catalyst exiting the top of the reactor is sent to the
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 cokgd
catalyst between the regenerator and the reactor, a preferred level of cokiﬁé, or
"desirable carbonaceous deposits," can be maintained.
[00185] If the fluidized bed reactor is designed with low gas velocities, below
about 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.



hi gh average | evel of coke is maintained in the reactor--an anount greater
than about 1.5 w 9% preferably in the range of fromabout 2 wt % to about
30 wt % wowswsgssef erably in the range of from about 2 w pPémtusoabwwt 20 wt
% If the reactor is a high velocity fluidized bed reactor (sonetines
referred to as a riser reactor), therf& portion of the catal yst exiting
the top of the reactor nust be returned to the reactor inlet. This is

di fferent fl0OR8E t ypibeatgehbmaiad aleallyt sieveCanbisecotpss@on wWhkdrawh eact or
where all or nmopst of the catal yst exiting the top of the reactor is sent to
the r egeneflrr%ﬁléli‘e. TegeReTation §y set Pichkely &afuihy setalyst eaplaryiscombinedr eact or |

W thout r i e -..allo the avera coke level in
t he react o?‘gﬁlgg?%%}} ‘I%glerﬁgﬁ% %i(é’ge (gartéei?stet??éﬁg?lg(\?nefr}%weﬁéﬁcﬁlgﬁdﬁg&? Alr ati o of
the flow ofsi¢veeatiblecompssaitinmitl/dr €iate0bk hitfor BAANMAS 8 Bhuiaidng he reactor, a
preferred | evel of coking, or "desirable carbonaceous deposits,” can be
nai nt ai ned.re{uoeetgs the riset fractor(q). dinzadthbeembetment; thegegtmsiatmiadoletlhy | ow gas
vel oci ti es, Veelco%/vl ﬁbout % rﬂsigg:d th(tan c%gl ones nay be used to return

catal yst fines £6 the PGPSR HEy PR P I gt sysirahisteeiedte general |y
have hi gh rigetikdr4batdr ' it i | di d, which
all ows the coke | evel ggﬁ{rﬁ?8§Eo§%§¥?ﬁ§ropa\§%%’?gﬂ?%} éalpt)ériggé:r&?lgrd evel .
[00186] | n apegerbotimatbtaaramiarssiches heirett gaf, feakseck vapdiesteanot ok 1aed i n the
regenerator, snall sgsrwl es of catal st_@Feri odically may be w thdrawn from

various poiSitieCPHipugusty 8t Foriinuaysiadaciiates the igirodyciion oé therregakratest bon
content. T i : j accardingly. WO 03/059850
PCT/ US02/ 3312%%&?}%11% ¢ %W@Or%g{g@ﬁ%?get%%ét%ﬁ& gtgb“l’ Brre?%rg@%go ﬁ]ﬁtoélleyst

conposi ti orormdrbdsaweactdr(s)m t he regeneration system preferably fromthe
cat al yst 008I er, is conbined wth a fresh nol ecul ar sieve catal yst
conposi ti ofO%H#l or Feorg rbediment. thsloptimmuay leveliofgekeert theystleatarposi t i on

and/ or fee f h_gas _or. | iquids, .and eturn tgQ the riser
react or (s) %%V%%gt%%?ﬂ{eo?ﬁpeoﬁ%%g’il%eﬁtr?a MR8 Zgléeglér‘i%arl%?lé’ﬁdhﬁl"@&tmﬁg?gt i eve

cat al yst cdhwosf the edgetidrbod haoMtuldr Q1EvE BRakSIABRBLSHLR B SYsIEEM i s returned to
the riser reactor(s) directly, optionally after passing through a catal yst

cool er. | nregsneratadnelperdansieva colbist emmpastiion fen the regenetatigasystéreeslst ock
vapor, st eqn 1Qeract%rh s%fs{elmlf eThere 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, tl;e;
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 i)ercent, 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



sem -conti nuously or continuously, facilitates the introduction of the
regenerated nol ecular sieve catal yst conposition to the reactor system

pr ef er ablwoOt0d/059880 one or nore riser reactor(s). [00188] IpaTarse2/smsodi ment,
the optinmum | evel of coke on the nolecular sieve catalyst conposition in
the reaction zone is maintained by coftfolling the flow of the regenerated
nol ecul ar sieve catal yst conposition or cool ed regenerated nol ecul ar sieve
cat al yst compglstigeraent forabout heeighgperesmbased onythd ol tweight bétheeact or system
There are many techniques for controlling the flow of a_ nolecular sieve
catal yst coRpEEHey %‘?Ye@&éépﬂﬂi@éotﬁlnwwg@rﬂféﬁe polrgular geyresatatesit al - Techni ques,
G rcul ating, %pldgi(ai ged Beds, Grace, Avidan and Know ton, eds., Blackie,
1997 (336- 3% , Whi'ch i s herein i ncorporated by reference. This is
referred t qoamojhe (RO plefercd@aibRtRhm®ThéBdEculan sisROtdaystenbodi nent, the
optimum | evel of coke on the nolecul ar sieve catal yst conposition in the
reacti on ZOAWOBisond icagastion pynecevntaind inithgyranpeof frowabantd 0f50t he

oxygen- cont ai.ni.n as flo to the regeperatqr. This is referred to as the
partial red&fe ta#f%ﬁts’ %eé%f%lyémg‘iw“ég&%aﬁé%% pBWe’%th’éloFFoﬁ’rE%Eﬂbéf si eve

catal yst CcqrRRabsuiMNo Iaﬁoﬁ%w?ﬁ peR¥ntMaAd o8Bl MBoHIOET ST on
process the nol ecul ar sieve catalyst conposition da a point In the process
and det er mabbuigl ( ¢oke oardbonacentseleposiflygsed ar theltetabivsight oftthk mixtaret dfe

nol ecul ar si velcatal yst . conposit|on, er regeneration_is in the range

f
of from 0. GOIGRIGHHCSER LI Camposhisge- §§§ EYHEPIE &1-2-drtent Noef er abl y from
about 0.1 vESBNosPGREANL héreinqﬁgmc%gm%gﬁi rGERR N i TRLBapEEhgEabl y | rom

about 0.2 Wei g percent to a ercent, pr ef erabl y

from about the B10l4CuRB4IGRO&Hy FRCIMPGHAOBROAS readBonveinghi maes Gebfat 0 about 2
wei ght percent based on the total weight of the nolecular sieve and not
the total WeixgHe obregenrsatpdratelystand spialyst hat basyanginglewglosf ti on. [00190] In

one pref er rc%ﬂ)oggé%%gé gé:p%itsl%s: % rgga{sgr%ldg%re} ?)f gr%rv acgm%ﬁ%o%%%?%os’gg %Si tionin the

reacti on zone contain e range 0 i ght percent,
preferably répresnaiaitverhot of @ IMRIOH inBRIGANEatalpR eI erably  from about 2
y

to about 20 wei ght percent, and nost preferabl rom about 2 to
[00191 The gaseous effluent is withdrawn from the disengaging system and
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, fractionajc{ion
and/or distillation towers, columns, splitters, or trains, reaction systems suéh 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



about 10 coke or carbonaceous deposit based on the total weight of the

m xture of nolecul ar sieve catal yst conpositions. See for exanple U S

Pat ent NowoO 08/0888) 005, which is herein fully incorporatedPoy/uset/gsence. |t
is recognized that the nol ecular sieve catalyst conposition in the
reaction zone is made up of a mixturébf regenerated catal yst and catal yst
that has ranging | evels of carbonaceous deposits. The neasured | evel of
car bonaceougieneposict,abtdrbers, ddepbesemembaihed \eeiydgr (0D) élietet, pY&lyfendn

i ndi vi dual catalyst particle. [00191] The gaseous effluent is wthdrawn
from the di&éhspllienduispsti(e spbidter.jagd thr ough a recovery system There

are many own f ecayer st ens ques, and ces that are
useful in epadgitl ng\;ag 5 gﬁ“’é %emf)ﬂsretflﬁ ]hr§ %‘feelflgﬁ(esc@mf‘q?ag‘?[]ryt he gaseous

ef fluent. RRER(S), PreFotabIo 'ﬁmgﬂﬂ‘?fgﬁ{ Ofin@PERNIaS BHY e qfroﬁméﬁ'e &d/R combi nation
of a various separation, fractionation ~and/or distillation towers,

col umms, SFhWTQrE@F%dCSmeQd’laIth PatgrdNad. 61966)648 ésesomlachriatsethglehy | benzene

such as. 5l qurgEy Skl P S Fari aed s B AT enophivg. Roooo"°"°
5, 675, 041) g gm%pew S2ER06 202 OUIRIRDheelorPHATRLE Y Ay OBB fONdENSer S,

heat exchangers, refrigeration systens or tralns;” cohpressors,

knock- out dNards069288hydrog@aimpovalyid. St PetehiXe 5,0a(8892fechiadted | M ti ng
exanpl es of these towers, colums, splitters or trains used alone or in

conbi nat i orm$thaalihylieseyandwabon dioxidrsrenn siepk &F-S. }iﬁt@ﬁNOa5J9Q7,Q63 hi gh

|
dopt opani 7 0ea LI AUHAEL ool BAURE bERLe B R BPE R NG LB TRERB e anct or
WO 03/ %983&&&:&@@2@&%@% §®aeuemh6 112)1/\@@3 (h rﬁ?BEﬁn@%ﬁ&E{er S,

menbr anes, ethylene (C2) litter, &}y ene splitter, butene (A4)
splitter, &Hper Iﬁ@thfiaken) @@3}’&%1?}1@ %Were,%swyswmgmdmﬁm) for
recovering r.edomni l.efin referably prinme or |ight olefin(s)
such as ethy ﬁh a@?“& HXBH Bf4P Iaed FETESF e described in U S. Patent No.

5. 452, 561 éﬂﬁ”?‘”Sgéﬂfgiﬁ?éﬂ?ﬂéﬁgﬁ%?E)‘E?i"??’?#ﬁ“m B Oign 02 107

(pressure depandencr axdsonbann sf additi®al patiacts, 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 olefn‘l(ys‘;
produced particularly in a MTO process are passed through a purification system
that removes low levels of by-products or contaminants.
[00195] Non-limiting examples of contaminants and by-products include
generally polar compounds such as water, alcohols, carboxylic acids, ethers,
carbon oxides, sulfur compounds such as hydrogen sulfide, carbony] sulfides and
mercaptans, ammonia and other nitrogen compounds, arsine, phosphine and
chlorides. Other contaminants or by-products include hydrogen and hydrocarbons
such as acetylene, methyl 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



No. 6,069,288 (hydrogen renoval), U S. Patent No. 5,904,880 (recovered

nmet hanol to hydrogen and carbon di oxide in one step), U S. Patent No.

5,927, 063wO(smeswsser ed nmet hanol to gas turbi ne power plant pCTarsd2/g96$ Pat ent
No. 6,121,504 (direct product quench), U S. Patent No. 6,121,503 (high
purity olefins without superfracti onéT on), and U.S. Patent No. 6,293,998
(pressure swing adsorption), which are all herein fully incorporated by
ref erence. EB9toppdiGen€hahicgl Behoologyyith §divoat VorewvE TyhsWleg® i s the
producti on, eneration cumyl ati on of additional products, by-products
and/or co Qiﬁﬁ'@ﬁtEagéls8%‘&??@?%%%&@@@@%@#“Wéor;’@pt&msﬂcb}’s. The preferred

prime  Produshe beghialh Shehl 18 SRl AR ol Yl SR ATE Propy gne. are

typically purified or n-derivatilve manufac & such as

pol ymer i zat6,5H 4280@esifiegion ofheliabin Bydrbdurbdiestrasy, WSepat#ad, enbodi ment  of
t he recoverg/%gsgstem the recovery system also includes a purification
system ForO-&3dai (Eeparaimg| nrgpitlens| fedm proppne)parsd Se Batpair Apulichtiod Woj n a MTO

process ar @8':93396% hr eu hEication syste t hat renoves | ow | evel s
of by-pr odﬁbcg?s T cfli)lﬁ(i @ﬁ%ﬁ?ﬂ%d&’?%? kﬁ’%s ’fﬁﬁ‘ﬁlﬂsi%rgﬁd%mgﬁéﬁﬂs@sw@ﬁh

cont am nantighaaﬁhihyorgélg%q)tyqe'fep&ky_de general ly pol ar conpounds such as

wat er, al cohols, carboxylicC acids, ethers, carbon oxides, sulfur conpounds

such as hydP8sih sulMypitelly.darchoveytingsarefdr dese arykenates RaglenS) haatagoni a and
other nitrogen conpounds, arsine Bhos hine and chl orides. Q her

cont am nantog ocrarcbév-ag%ﬁ&&agwf"‘%?fdﬁ 1953 derpYy eartigrialypinféar soptiallisuch as
acetyl ene, I t ien I nd tyne. [00196]

Q her recovdgﬁ/d@yhg? fe;1 W%rﬁggeicﬁ@fag%g&ngsﬂgﬁ @gé@oﬁﬂ@g}% %Ir?glf)]m}/e(r)aror exanpl e for

the purifi qaedwed.ofnchided imihs yecorew sgigs@t bbed ihvenkbs kreGt4WBA s;éé@&s?/ 059850
PCT/ US02/ 39644 51 Encycl opedi a of Chemical Technol ogy, 4th Edition, Volune
9, John W [g§cogvergsgdhe prodects errrinedwishin the effderg@as 880 drawifoim il her ei n

i ncor por at g r Purjfication. syste re al so described in for
exanpl e, U. %Ca%e?tr 8%‘%@@&8565% ﬁf&lsé%&f) (|%1111‘:r(3|‘]11’a|>’(8:5‘?sir‘1§rﬁ’{i‘8¥e T5CeBl ¥R hydr ocar bon
strean), UuSlizéat ent No. 6, 293,999 (separating propyl ene from propane),
and U.S. Patent Application No. 09/689, 363 filed October 20, 2000 (purge

st ream usi N80l at imepecembadjment, thapffhient 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 %C_f
hydrocarbon containing stream, the C,* hydrocarbon containing stream“i.s l;assed
through a second fractionation zone producing a crude C, hydrocarbon and a Cs
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



is herein incorporated by reference. [00197] Typically, in converting one
or nore oxygenates to olefin(s) having 2 or 3 carbon atons, an anount of
hydr ocar bwog3/opmsi i cul arly ol efin(s), especially ol efi n( CTh®02/80344 oOr
nore carbon atons, and ot her by-products are fornmed or produced. Included
in the recovery systems of the invent®@n are reaction systens for
converting the products contained wwthin the effluent gas withdrawn from
the react catalyst/sdidy ar the et 2008 and fsaditected 1@ fRAEALIdN 26nSinwigth theof t he
recovery system wutilized. [00198] In one enbodinment, the effluent gas

wi t hdr awn PrBgRAKO plediatcepversion sraster takny plaegh QpticveBy.erquidedm pr oduci ng

. i,.ni { i ti | th
mor e car bort e bR LIRS BF bEaPaDRe ShEARMH Sip-refieBElhetephmBbe " enoat ment
the C3+ hydieaad e GRGLBLE bRoSol BB hibrdRSEEShs ik HeQUHROR Zbhd, St

fracti onati on zone producing a crude C3 hydrocarbon and . C4+ hydrocarbon
cont ai ni ng With témappatatusCrhe chtatistisdidsean borecatculated eiberdasidé thepassed t hr ough
a second fractionati on zon roduci ng a crude hydrocarbon and a C5+
hydr ocar boﬁp}?;%ﬂf‘%%‘?xg‘ﬁnétti) eCt?ﬁ%pHagaJ‘r‘S %?rtﬂ?rﬁqtgg’ EtéSPg%arﬁﬁ%Fﬂ@B]éFe@ons i ncl ude
but enes sugR e RUEENG L AR (P HLE ' : a utanes, and
i sobut anes. [00%99] é‘Ig%(larijgprocess o?ﬁg %Oéle%#&e@gﬁ?qlg%\%ﬁ'?%%ﬁ ‘%‘%ﬁé‘gsi rably
carri ed outlescribed, anedditional ppptinadiitbe vdialgdt/sobdpeanspsioadily b iefnozene, a
reaction zgne, and a disengaging zone. Wen the process of the present
i nvent i on HONEHAEkRE0s dPpasatipprd sobj foea rEeneader 9rreggnpmtatha satalyst. | east a
portion of | ] .S rech | fr t he di sengagi ng zone
to the inl edta &%ﬁgél?fg¥%é ?ﬁ%ar%%%? %zorrcgglgé ge#u%%gﬂoe%ry _ O%eo%eéer%?s’ bndi ti ons.
At | east anpgrbeidected i Heontararhifieadvdshe fecifciiate thé thaly AR oM £3/,059850
PCT/ US02/ 39644 52 ccatalyst/solids in the inlet zone and is directed to the
reacti on zdiecdisangeging ronetie theoinleyaera @ reastion @piien conver si on reacti on t akes
pl ace. Opti Y, | iquid fee and/ or dil uen ortion of the total feed
or vari ousmshuaﬁbiport%8r‘?g’%f’ﬂlél?eélg?P%eﬂmﬂ_éappd'far“ésc‘fsgléﬂFrb thPé’?SF‘FFIIBYe“PBHe and/ or
to one or PUPIRCRIEANST ak 506 hﬁ:ig@l%qt. A% 8 e felll BB 3|, Be ?%%51%&“5, the
catal yst/solids can be recircul ated eithef inside the reactor

by at least partially vaporizing in a preheater. The methanol feed is mixed with

catalyst from line 327 which includes unregenerated (coked) 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 é‘;eam
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



apparatus or external to the rector apparatus as the catal yst/solids are
recirculated fromthe di sengaging zone to the inlet zone and/or the

reacti on worna/os®so al so described, an additional portion @®CTiUse2/39644

catal yst/solids can optionally be renoved fromthe reactor apparatus and
sent to a regenerator to regenerate tH® catalyst. Catalyst/solids fromthe
regenerator can be returned to any of the three zones, or nay be directed
to a conduitiafih¢ 845 BEmeas df@rdveliandior aldotd@paatort Wath/dssibdsds1§ sm the

di sengagi ng _zone to the inlet zone or reaction zone. {@00200 An enbodi nment
of a react o¥lappertiane thesedked cpialyshis rptuensdrie therroagter iplet threughdjiect ed

generally 300, iy K gure oxygenat e f.eed, 3 may be pretreated by
at | east pg%d'i °§P¥r8)ﬁ1?$‘ab;¥%ra§‘ﬁ #é) : i%_ﬁe 80%138ﬁgﬁ&?ﬂ_ca‘%ﬁé?ﬁﬂ%éﬁ%r}“#%gﬁ i s mxed
with cat al i schf 9 strigiingdZohe 3B Chérd Gledfhast oty egenelsal 8dd(GRieHd, catal yst
fromline 324 regulated by valve 330 and/or regenerated catalyst fromline

412 regul ataddorbyd hydubeasboht Sroam thelvatatyest.tSonped spbe cokskcatalpachauld 306, in
inlet zone ff04 An i and/ or A ttgﬂg 403 may be used to dilute the

.. t
oxygenat e, q"f’f’latIW€|3g_§rP%1_F fedé’tyr"é‘ e rﬁ%%ﬁr%‘_?re%i’ﬁl _éoh@ﬁr unent |ines
clear of C?%O@'ié‘x?&fthg Eﬂtﬁgét@@ﬁﬁﬁs%%@%ﬁ& ws&2 b1 BES b%%(grnacttéhe\{vﬁﬁ(ygenat €

and cataly In the reattor 3 tenperature can noni tored at
various | ocateparsatidl dediilir, prefeedblon ghsscod@isiigroxygen, 2d, dif)entivdatsy r ed
reaction tenperature, in the range of from about 300C to about 500C, is
mai nt ai ned Bipugh s\hoHgmTeseneratpiainles 4 tamperaiwiss dessyreampd sesideabt e neans,

i ncl udi ng ‘ e ri Limted 00l.i,ng t reactor wth a

cat al yst cggﬁg%sﬂ%tfg%?a%? @g thémén ”éoﬁ(gfo ﬁt (%etﬁej’n%attar}%%(ﬁlgggwg ??EelYFi(Ij\g,’tI cooling the
catal yst faed theh 4036t 0.5 ©28h,Qks deSribed¥b&RIPhOBletRRd¥mbdiess: Mghd0ods. [ 00201]
The reactor effluent, containing products, coked catalyst, diluents, and

unconver t edegagtitorsiassg! 18 i thewange of fing ebgu §OO'§ toabeutdZR°Clthe t he di sengagi ng

, coked catalyst is separated from.the seous nmaterjials which are
Foken off S BROUREsh SRt PR st 6 e R R Rerds T S eale B o sty

and/ or cyclpig abaR8 1NALS toMbollt S8l BIsnd B Bredlitbd réﬁ&cnc@‘ti@lfé;]i% '&@glfgf the

coked catalyst is returned to the reactor i1nlet through
cont r ol | ed rhygevdlfiom B30t 1 Thebqod 00 omnweés. coked catal yst to be regenerated is

first sent stripping.zone 333, .where steamor other inert gas is used
to recover [6820%] ‘l'gg Lm%mg of? ofg coef(e is exothermtic. %he temperature may be J
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 a combination of these methods. -

[00203] The regenerated catalyst is sent to the reactor 306 via lines 409 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



adsor bed hydrocarbons fromthe catalyst. Stripped spent coked catal yst
should flow via line 339 controlled by valve 342 to the regenerator vessel
401. The wposiiss of the catal yst sent to the regenerat or Peedser/39%@4 shoul d
be contacted with a regeneration nedium preferably a gas conprising
oxygen, e.g., air, introduced throughb4he bottomregenerator inlet, at
tenperatures, pressures, and residence tinmes that are capabl e of burning
coke of f ofvdrives paingl il $ie @&@clﬁ&mg dySred foPMRhsuddmert 86 SarbBRBoBGAUTHD- 5 W %
as described above. The preferred tenperature in the regenerator vessel is
in the rangé&agfonfpagmei¢rs utay35adiustedalsonrdinzg0C, the preferred oxygen
concentration in the gas leaving the regenerator is in the range of from
about 0.1 vol %to about 5 vol % and the preferred residence tine is in
the range GENERAD akeHRINMENTALPROAESURENUt es. [00202] The burning off of
coke is exothermc. The tenperature may be naintained at a suitable |evel
by any acce¢flébReacten Rogts andGiCullnaigsibut not |imted to feeding cool er gas,
cooling the 2\6 lyst in the regenerator vessel with a cat cooler 406, or a
conbi nat i on[oé fﬁhesN?Pgﬁrf%ﬂ%'plff(i}@z(b@omv?ré@@ﬁ%ﬁ’%wé@t%ﬂ}ﬂ@tomsn sent to

t he reactor | [ I | ve 415, where it
m xes Wt hat gﬁlra}é}gﬁ?réaggltsrg 8(8:%%;235 ﬁ%%yyﬁﬁéé%%ﬁ?@é (%(gﬂme)nm#l?%e 327 and
event ual | 'y spetifietl behepriyg hatreact@e0l25T Iodtérigandéier, 8” TRns@GaAeIAt¢f catal yst
may be lifted to the reactor 306 by nmeans of an inert gas, steam or

net hanol vabisknesst veonedephsilicostetk * gas |ine 403. The process should repeat

itself in I nuUGYyS sepi - cont i, nUous nner ... The .hot reactor product
gases shoul B%@]cpoﬁg‘g,eﬁ{l‘f’?ﬁ%{r’e@et@ﬁf%&%@@@ﬁﬁ%%?&ﬁl laﬁdvegfﬂle_ct ed, and
the desiregdngliaf Iv_alvemw@tzmp@n{;ﬁ&%ﬁgqqhefcenecfté&réfhﬁémeéﬂp%?, $epo. [00204]
In order to determne the |evel of coke in the reactor and in the

r egener at oranakyized by salipt gas diromatogtapby (Pewict diackerd $89M\eqbipped twithmawn f r om

WD 03/ 059850 PCIT/ USQ02/ 39644 54 various points in the recirculating system
for measur ¢ 10512auan %Wt@owgﬁwom%raﬂ%&@?%ﬁ usnd et BYSMEEYy be adj ust ed

%;lo; g: 29' ¥0.2 5NER Aber RRERL YRINE A 1B R R o MEQMRRRE N OPetd e Sand CC
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 (wt%) data reported in the tables were conversion-
weighed averages, and were calculated based on the products that exited "d'le
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



[ 00205] Methanol -to-A efins (MO conversion reactions were carried out in
a tubular mcro flowreactor at 2.5 WHSV, 450C and 276 KPa (40 psia),

unl ess swowBHF®W& ot herwi se. The reactor, 0.25" in outer aCAMSOESY648" in

|l ength and 0.04" in thickness, was made of silicosteel. [00206] The
effluent fromthe tubular reactor was @@l lected in a Valco sanpling valve
with 15 250 1 sanple |loops. The collected effluent sanples were analyzed
by on-1ine washeidaratcogstanyte oFe3iCepdr nRacisaTit: £8NNingakd pred rwiddr a flame
ioni zation detector, The chromat ographi ¢ colum used was a 150 neter, 0.25

mm (i nner dVaheitested to gdasihaafqrowhich spntpined agetheninm(crtsdst. T catdystocol DH

150). [0020 r | so,col Lected in a stajnless
steel bonb \leésf g;gé?at? %gt @??@ goe(%’tng? #?V\CZ%H%{&% ?({ ngthdge, bﬁﬁﬂ%agﬁgﬁoi‘ﬁ?f{)l ing
val ve and awhkdesikiaubusly maikubddrwitie ABmBGodikativn@iecRi CNIHSTY B urand

met hanol . [00208] The selectivity (w% data reported i'n the tables were

conver si on-tha&iQhedueticardiging therhBOwsperinerits; @l GO gdaphlideeidvio atchtepr oduct s

that exited the reactor. |n other_ .wqrds, ter and coke were not included

as product sSPHUPHR OXlgﬁa’F%Fg&{at%ﬁQﬁ%lvf’as(‘fﬁg&‘to(?ﬂmp&‘el}’ IRROYHEOCHOm st ed in

the tables I; ne and
the &8 Lehdrore TEYRERG! to tRE B¥EHERSOr. q&@%x@(ﬁg, attﬂlé ggw E}‘t&@g

but enes, respectively. Tenperature Programre 209] TPO
(t enper at uragpiredywathntixcascatitd atip exylusivaly usasurtdtheraspuneot O thameygnt of

carbon duri ng coke- r enovi ndg experiments, TPO was_carried out by |oading 5
to 10 ny ofPt dwgfﬁoale feypxidation of Garbgnean tseatalyst. PejgiroSApeieshnignel  56. 9 wt %
cl ay binder)..i : t " ki Ming 1% O in helium
was introdu%:reegghtrgllﬁﬁgé'q%lgégggrtgééggﬁﬁglf ﬁ'a@%t'aggss’g%%g@%?f‘%ggu €. The reactor

WO 03/ 05985Quéri/abiB8 L. U644, Cab, Mas38LaAves), icothoeRBShablh HyabRrake 13C per
m nute. The _gas exiting the quartz reactor was directed to a nethanator,

whi ch cont alsklnpregngtion of BletioamAPnta SAPthB4 catal yst was operated at 400C

to convert d t.0 et hane. The thane oduced ont i nuously

measured wi [tgﬁzgd]f I ﬁefi L1 l%rhwa%ltlsggtrfgrrlo'(’%?%)? { 0‘%8)_’1:%5%{,%3% he CO

product i on &hHly At PPt PrepaPRion T8I SatalgstTRick Fath 000 WahnYafls pScarite
million by weight) Pt, 0.013 g of Pt(acetylacetonate),--or Pt(AcAc),~(99.9 %,

Aldrich) was dissolved in 2.2 ml of toluene. The amount of toluene used was
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 resulting
solid catalyst was then calcined at 350°C for 2 hr in a furnace. The platiﬂu;
concentration in such-prepared catalysts was confirmed by elemental analyses.
Two SAPO-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.



(sodi um hydr oxi de i npregnated solids) was used to conpletely renove CO2
from the exit gas before it was sent to the nethanator. Therefore, the TPO
signal (PRvD)3/0smssui red with the ascarite trap excl usivel y Pogasor/ag44 he
anount of CO that was produced fromthe oxidation of carbon on the
catalyst. Details of this technique ar®found in S.C. Fung and C. A
Querini, J. Cat., 138, 240 (1992) and C. A Qerini and S.C. Fung, J.
Cat., 141, B8&ropgdDGBymisomdon por ated herein by reference. Wt |npregnation
of Platinum Ont o SAPO-34 [00210] Wet inpregnation was used for | oading Pt
onto/into IABHH,  Hrdipgesichemisopptionds vind tp detganiae thordisnsrsion,@at al yst | oaded

wi th 5000 r i1 b b.ght) . Pt., 0. of

Pt (acetyl a\é\["ebt?l%lgg@) %?rgr%f?ﬁ%gé‘?%%&%g%“}d?ﬂlﬁﬁf%%é\xg%w%%ﬂ ved in 2.2
m of tol uenealysthad aFmpRinied gm@-y@@aamsHy@ﬂag&g&ehﬂséthén the

mesopor ous and nmacroporous vol une of the catal yst. The solution was added
dr opwi se t ongasggBdoy minyshydeoges afsineg ard aGAE@dDY. thd healweimbenoiPiatenyvas dri ed
in a vacuum oven for hr. to re toluene. The resulting solid catalyst
whs t hen caTEIRb" Bra BN T el Al PUrRR g At ar
concent r at | RRedsibISHE e B8R al yst QRE LT by, e al
anal yses. Tvv% SSAP%&? (S:Iat gélggt?geggh%{gilﬁP@%eggggwgﬁﬁﬁﬁp){%en%a%g% wppm Pt
respect i vellpss thex &0/ Branppbried| Pt paitiotys atwesapd pdedigity dEpersédmast thef Pt on
MIO sel echj;l){)i t%>and he effectiveness of these Pt-inpregnated SAPO 34
catal yst i nf/Ehiorby ?ﬁ*f&;lst@féie&‘?lﬂéﬁpéﬁﬁe%whmﬂ%oéH@) - The gienerpioas 3 to 5.

[ 00211] Pt i P b l..oW a stream of H2

di | uted wi t(ﬁqﬂé%gﬁﬁ n rl—il,sllggodg %eﬁ{/ %1%&%?4&6 Ogﬂ%raniaﬁ'ttlﬁglf | ow react or.
Oxi dat i on washniqrdgyt edfound & StuceasopMealli¢ B8taist, 1 R) Afder®R0ELf O 2 hr. WO
03/ 059850 PCT/ US02/ 39644 56 Hydrogen Chemi sorption [00212] Hydrpogen
chem sor pt iR Psadesrig Prags d87&k mi ne t he di spersion, or conversely, extent

of aggl omrﬁkg&Lgi the Pt particles in the FCC CO pronoter catalyst and

the Pt-inpr APO- 34 catal yst. Hydrogen chem sorption neasures how
many hydr ogeo2es|ons AEanmeerihedaitibld hectad ?}onwlfélﬁlilgt{alﬁft, cohtaffigo Pr esent
, a

on a catalyst. Wien the HPt atomratio is atons 1 n e catal yst
are wppm Pt/Al,O, (780 wppm Pt on alumina) was added to a MTO catalyst, which

contained 7.2 wt% carbon, 37.1 wt% SAPO-34 and 55.7 wt% 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-850) to the
MTO catalyst. Table 1 shows the effect of addition of the CO promoter oﬁ) |
selectivity (wt%) for the MTO catalyst.

TABLE 1
Pt G | G | & |G| GG GG
wppm | Wit% | Wt% | wt% | Wt% | Wit% | Wit% wt%
0 1.7 352 | 1.0 432 120 13.0 | 784
7.8 2.0 355 |12 427 2.0 12.7 | 78.2
39 34 328 4.7 402 2.8 124 173.0
156 9.0 11.1 1265 |28.6 |10.8 [109 |39.7
312 13.5 |19 350 |[182 {189 |9.7 20.1

[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



accessi ble by the hydrogen atom i.e., the Pt particle is very small in the
order of less than | QA The supported Pt particles are said to be highly
di sper sedwatwfsasse H Pt is >0.7 and is noderately di sper ®ea/ushzsock Pt i s
0.1 to 0.7. The dispersion of the suE‘%orted Pt particles is | ow when H Pt
< 0.1. Details of the analytical tech que may be found in Structure of
Metallic Catalyst, J. R Anderson, Ch. 6, p. 295, Academ c Press (1975).
EXAVPLE 1 [loadiig]thésatenivity doral," ynig\datieataddyRCCwER vittiRneleetivigaoal yst ,
containing 780 wppm Pt/ Al 203 }780 wppm Pt on alum na) was added to a MIO
catal yst, vithdsoe ggicaseddbed - Fwout 06 car bon, 37.1 wt % SAPO-34 and 55.7 wt %
cl ay bi nder p C O.cat aI t was .about 100 m cron.
OEﬂﬁ %Bén Jhg c&%c%ﬁtrﬁ (;ﬁ)éggraa 1r\1,c\41)‘eaﬁ% %]610{‘/%8% G AFoHDS wppm Pt ,

Four cat al cont al ni ng

respect | vqufthMECe @@C%gﬁﬁ&@hnbue @ddu@gthalaafaqmb@é BstgfPhlBlea0f the FCC CO
pronoter (Intercat 850) to the MIO catalyst. Table 1 shows the effect

of addi t i ordegimental effocheroethylene anl propinecticvliviy, ¢t Wdetensetdfes. Mi@%scat al yst .
TABLE 1 Pt agB CZ,C3 C30 C C2 +C3T  wppm W % W % wt % W % W % W % wt % O
1.7 35.2 1.8343PPMPe 130 784 7.8 2.0 35.5 1.2 42.7 2.0 12.7 78.2 39 3.4

32.8 4.7 4 8 1 7 312
155 1 ¢ adtB2RIS, &%re?ée%hgéégu%oogﬁﬂéﬁécm%gﬁ rofitnd gtedole By T P2

was m ni rralrem‘tcbletffedsotm ‘ttermeqmeiym)ntmlled amslesd ltkat tdosd oy iiuct avtidable
concentrati pns. For, exanp pm of Pt WD 03/059850 PCT/ US02/ 39644
57 1 oadi ng, efrifaendal lwﬁﬁﬂnttbe ?fgyle@swrypw@agw- by 0.5 wt % whi |l e

sel ecti vi tyE)ERM I_g@yl ene increased by 0.3 wt% [00215] Wen the
concentration o was i ncreased by increasing the anount of the FCC CO

pronot er i rf002Ey] M XtAUMTO tdislystabataining SDaYlcHhsV3 2 9GRS APO-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 CO, 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 52
18.8 0.2 5.0 52

[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



detrinmental effect on ethylene and propene selectivity, e.g., a decrease of
5.4 % at 39 wopm Pt. [00216] Therefore, the anmount of the FCC CO
pronot er wWOM3M59880 t he MITO reactor needs to be precisely eomtusor/sma4 at a

| evel that does not induce noticeable _detrinental inpact on the ethylene
and propene selectivity. EXAMPLE 2 [002817] A MrO catal yst containing 5.2
wt % car bon, 37.9 w % SAPO- 34 and 56.9 wt % clay binder was used in the TPO
studi es to dataleds WgaR@O0 Wepre b 6000 epmasresmfctitéle. TAR Coompasther i n the
oxidation of , COto CO2. An aPpropri,a,te anmpunt of ~the FCC CO pronoter
(Intercat CEISCEYHY d3fa of hasaalysboanining 0BG Papyskt widh thetef the parent

concentrati i 4t i al . m__TRPO experi nts were
per f or med b%tﬂ?l %40?1‘?%{1%?%0? %g%&i{tﬁ%ﬂﬁgﬁi glftgt%%f)ngsr%aac IP?SeﬂP%f@o that both
CO and COZreadtions Weespsfdmed ai 58°C, BoauEa @arkpy aMd %6 guetyed as CO and C2

for the MIO catalyst with or without the FCC CO pronoter. TABLE 2 Pt
Car bon wt % Car bon wt % Tot al Carb®8L#t3% wppm evol ved as CO evol ved as C02 0

3.3 1.9 5.%188 825852100218 TheTPO-datg show t hat the presence
t b = | (%o T ﬁ— ﬁ]=+q=
of 18.8 m Pt greatly 2decreases ¢ he si ghal . e ot al |anobunt of CO
produced Wa¥PRIBL VATENT Wige 9. w70 w Wy 4rWba, | Wited i on of | 94% This
suggest s tiHe presighBe 0£8£t |grdnoi 386t hed.1 ox| tadi g668f CO t o C02' EXAMPLE 3
[ 00219] TwabOODat i nuin cong.Ai rid casAbySt7s0 wer g6.pr eganed by wet

i npregnation folTow ng the procedure detailed inm the GENERAL EXPERI MENTAL
PROCEDURE above. The Pt concentration of these two WO 03/059850

PCT/ US02/ 3460220]58 dhtaithpsths wea sn@eSiatiop s a00whPRP whps APOSspect i vel y.

Tabl e 3 conpares the selectivity data of the catal yst containing 5000 m
Pt with t h%omag {lfﬁémb%t 81?1&6 pertlorr%{ance of the SAPO-34 cataly%t. For comparison,g PP

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 SAPO-34 crystallites. Pt was not highly
dispersed because the external surface of the SAPO-34 crystallites was only a
small 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 d:férmine
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, 1.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.



SAPO-34 with no Pt

| oadi ng for the nethanol

to olefins reactions.

The MIo

reactions were perforned at 450C, 276 KPa (40 psia) and 25 WHSV. TABLE 3 Pt
C, C2 C2 wB 03859880 C2=+C3= wppm W % W % wt % W % W % W % WPeI/UB04394£8. 2 1. 2
38.6 7.1 17.5 66.8 5000 1.1 28.0 2.4 39.0 7.0 16.9 67.0 [00220] Note that

the wet inpregnation of 5000 wppm Pt od®o0 SAPO 34
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Pt Treatment | C, C, C,’ Cy Cye C, C,+C,”

wppm Wit% | Wth | wt% | Wit% | Wi% | Wit% wit%

0 none 0.8 33.1 |08 42,5 2.9 153 |75.6

2000 none 0.8 322 108 433 |32 154 |755

2000 reduced 1.2 32,7 | 1.7 429 4.0 141 |75.6

2000 oxidized 1.0 33.7 | 1.1 42.6 |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.

EXAMPLE 6

[00225]

N

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 SAPO-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 wt%. Table 6 shows the

TPO data for these two samples along with that of a sample with no Pt.



TABLE 4 Pt catalyst Pt (wpm H Pt FCC CO pronoter 780 0.9 Pt-inpregnated
SAPO- 34 2000 0.01 EXAWMPLE 5 [00223] The Pt inpregnated catal ysts were
reduced awo ogxfszed prior to the MIO test reactions in [pab/dShwseneact or
to sinmulate the reducing environment in the reactor zone and the oxidizing
environnent in the regenerator, respeci@vely. Table 5 shows the
selectivity data for a SAPO 34 catal yst inpregnated with 2000 wopm of Pt.
TABLE 5 Pt Treatment C, C2 CZ (BABCB & C2=+C3= wppm W % W % Wt % W % W %
W% W% O nropne-0.-8 3310842 5 2 9 15 3 75 6 2000 none 0.8 32.2 0.8
43.3 3.2 1§.4P75. 5 Copw wigkluded Garborspt’s 1.7 TstaldCabaq wibe1 [75.6 2000

oxi di zed 1.[0vBBn7 EVOIL’edZS 604.|10 evalved 26C®, [[00224] Though C,| to C3 al kane
sel ectivitil@s appenged to incrgase noderatelly,> there was no | oss of

et hyl ene andgpropyy ene SerectifE {1 es fottowmnga stnutated
reaction/re on—eyete—AMPLEE-61066225]Fhe ﬂ”m‘f-"ﬁness of
Pt - i npr egnd 34 catalydts’in pronoti ﬂ§2the oxidationg of COto CO2

was st udi ed b%lthe use of TPO. Pt- and carbon- contai ni ng sanples for TPO

st udi es wer[80 @par eﬂthwghtbﬂmglspheummfrthme Paimmpregmaned $ ABO-3
-1 npregnat ed SAPO-34s. Two sanpl es

Kk tain st and t
\(/:\Aotﬁ E,?ncgln@tqlégt%va?rgﬁgwa Wr%ﬁ%egﬁﬁtl‘iezlf RPEFHINEER intpu<O, glépar '?'ﬂ frombt he
2000 m NI I e carbon
cont e\rll\fpof %gggﬁggg?rpl es ébll%tﬁ&% &$§@§9@éﬁemt€:§@6%%%8%ta for these
two sanpl esatdlpng with that of a sarrpl e wwth no Pt. WO 03/059850

9644 60
PCT/ US02/ 3 80227] 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 CO, 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 invention.
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. F igure 2 shows a

regenerator head thermocouple undergoing rapid increases in temperature during



TABLE 6 Pt Carbon wt % Carbon wt % Total Carbon wt % wppm evol ved as CO
evolved as C02 0 3.3 1.9 5.2 48 0.2 5.0 5.2 121 0.2 5.0 5.2 [00226]

Al t hough wba3®s9ss sper si on of these Pt-inpregnated SAPO 32CTA®pabIsss s wer e
| ow they were very effective in conver 'Lng COinto CO2 at Pt
concentrations conparable to that of t hi ghly di spersed FCC CO pronot er
catal yst. [00227] Thus, it appears that when the carbon nonoxi de oxidation
net al - assoOUHpePtlawWisepibly conditigas. dtheldatagiheperis Eizuos 2 stereeotitainedli sper si on

e.g., whe rbo npEXxi xidation catal yst, is added by wet
i(rrp?egnati or\rh\'}tg C[%fa 3 %ﬂ?%qgaa_c%gt &e%gg{t rfﬁtﬂgﬁ ﬁeg?rfer"i‘tgr' é\%%eéﬁeé%&_it%é%& a
commer ci al  FHeinkd) ths PODLED chRblididn prQAYEF Sitf st%ag%@y%ic?aéﬁ%iﬂea Wifte

regenerator of an oxygenate to olefin process an OWS no hpact on

t he perf or nthaddT Qfcatalyst SARONBhtRLdADY83IQ wpp@. promotet. ¢ssthé Prongithy| ene and
propyl ene sealﬁgcti Vi 27% EXAI\gLE 7 00228} A fluidized bed reactor apparatus
simiar to FAAYSIESIPP BEBLEL 95 4LPe the torad cagsnisgtion ofiPt amthe ojigulating

[ [ [ f k0N, h tal yst
i ove. 1rom CorsityRR BETERS, Mok AuchloSents b EALNR0h oL b WiiteE g i ¢ °

returned framlyhetimitaed the gericdiRigBAdmpatiiuteeearfork] THSe s Qe ki ne 324
and is returned to inlet zone 304 W thout regeneration. This apparatus was
used to stQRigmedwithasathsecaks loading el 8 ovi%eindhe wgemreata or to t he addition

of the sa r cial l.y..avai.l,abl e FCC onbustio ronot er catal yst
di scussednie[rq()@;errplcféh%f d%ﬁlcgl gﬁfﬁf@rglgf’tﬂggtor?&f‘%@ af%?ﬁ%ﬁ GO8VEEeing t he CO
conbusti on qfroXFRérRies tb Mehtie@fs, Irtthk YpShratdl SRNEGAYIF rg(i’%e@lféa%&%asr egener at or

often ran at a géee}t er. terrper at qre t'han t he regen rator terrper ature.
Peri odi cal |fpd at heptigadthoh averege depetenparauremsids6°C unpecagalscyicd 24somet | mes

| ocal i zed, erature increases. Figure sh a regenerator head
t her mocoupl ieselﬁﬁ d@%gaolieﬁﬁo? %?ﬁaﬁiﬁﬁ Fﬁi‘ier lgading of ﬁ'ot"@%ﬁ? He e cgamplss, 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
e 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 wt% 7.0 7.0
Sp Velocity  hr-1 247 241
Conversion wt% 91.7 90.1
Cy wit% 0.826 0.841
Co” wit% 33.7 33.4
C,° wi% 0.596 0.578
Cs wit% 42.5 423
Cs° wWt% 1.99 1.90
cs wit% 12.7 13.0
Cst wit% 4.41 4.38
Coke wit% 3.29 3.53




WD 03/ 059850 PCT/ US02/ 39644 61 routine, otherw se stable conditions. The
data shown in Figure 2 were obtained wth a catalyst coke |oading of 0.8
w%in thovawgsssspat or. After these data were obtained, tHea/ 039w
conbustion pronoter catalyst was physically mxed with the MIO catal yst at
a concentration of 830 wppm pronoter. @& the promoter catalyst was 780
wppm Pt on A12C3, the total concentration of Pt in the circulating
catal yst was 0.65 wpopm Figure 3 denonstrates that the addition of the

i mnated the periodic high tenperature excursions.

t t el
%ggg ggt acﬁ’b%ﬁ; so' eV aAgs O\fv@uﬁlﬁg éllecPattcataﬂfﬁg ageleprpwaigt igtho™MDO8 wt % i n
L e e eoener RllerbORTAR, ORI el BIIRE D, % fedfbonover <6l

af fect the conversion genat es appar at us
shown i n Figgererdtor ael dadecdamsaline dd ndt adkRrsBi Aradt e A 1QA%GH@9€ 1 ser
tenperature of 450C, a space velocity of 24- 25 hr"', and a reactor

catal yst cdNaprylgagsairstiziiiey whenused in the M&'Q wectexanpl es, first 0 and then

0. 65 wppm added to the.circulatjng catalyst, The products from the
reaction gd\%@ Iigfeésémf ﬂh@lﬂa@' Sc}slfl@@?%ﬁa‘f"ﬁkfégo‘%ﬁ%ﬂ%} ;@Y co, o0, and H2
i ndi cat ed tH6difitRase nSes BN R Felenfin ' pmof Pt in
the circulating catalyst. TKBLE ﬁc;fgenl %@?@&%ﬁé@%@ﬁ%wo 0. 65
Pressure psipiitz®dzsopeRéithepepenCingBetiots The Bgbodiatsnts@ebtibe hdreiye Coke wt %
7.0 7.0 Sp_ Vel g)c%et%@hr-l 24,7 24,1 Conversion w%91.7 90.1 C, w%O0.826
0.841 C2 PSS be Blystptivesnly apdshaed not betakercas ipmingzhasingentipn,

which is defined by the following claims.



G WM%1.99 1.90 AS WM%12.7 13.0 C5+ wt% 4.41 4.38 Coke w % 3.29 3.53
WO 03/ 059850 PCT/ US02/ 39644 62 [00231] The advantages of using the Pt

cat al yst w® @3Osmwsonoter in the MIO regenerator is that i tPqwusmedss4
effective conversion of COto CO2 in the MO regenerator and at the sane
time does not adversely affect the et h§3ene and propyl ene selectivities
when used in the MIO reactor. [00232] Persons of ordinary skill in the art
will recognCiaIiMSt nany nodifications may be nmade to the present
invention without departing fromthe spirit and scope of the present

i nvention. The enbodi nents described herein are neant to be illustrative

only and shpul d R -as, | ot i nvention ich is defined
by the foll ow ng %gﬁﬁ%&%%@?%@%b%%t%af g%}ﬁ&?nafgsfeé’%?ﬂ M. 1. A
process forcomyisigg:an ol efi n product from an oxygenate feedstock
conprising: a) contacting the feedstock in a reaction zone with a catal yst
comprising i) adomictingthedeedswck ave regetiet zanedviffor eatdpsnompsisiapd) i i) a CO
oxi dati on nder, condi.td ons effective o convert the feedstock into
an ol efin gdf %1%6&1 lagﬁgé%%“%%ﬁ%lﬂegipﬂbe R R GIFCL]F) %gga I9nfRstEh car bonaceous

deposits onuideecsRiMbnHEAS cohRrheYiclGod 8 BODRAABIAHE B FAL 3l ySt: D)
contacting at |east a portion of the carbon-containing cata ys? wWth a

regener at i ovwnrEtHingneconplefins ayl toXgmecarbmareswdglepesiatonale ZadlestgeaPr | Si g a
fluid bed regenerator havi ng%na dense fluid phase and a dilute fluid phase
under condPETOHES AFHRERCORANMNERHASE a regenerated catal yst porti on,

wherein the dif 6)%0%&%&%?%1%@9 Bhltﬂi%nto? RN S gaﬁniﬁgkga]%%%\%&}?a phase and

the tenperature of sald dense ase 1's no grea an
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).

2. The process of claim 1, wherein said difference is no greater thgp €9°C
3. The process of claim 1, wherein said difference is no greater than 20°C.
4, The procéss 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.



c) introducing said regenerated catal yst portion into said reaction zone;
and d) repeating steps a)-c). 2. The process of claim1l, wherein said

di f f erencwa ®/05e85gr eat er t han 50C. 3. The process of cl aipariysoahsiei n sai d
difference is no greater than 20C. 4. The process of claim1l, wherein said
difference is no greater than 10C. 5.6%4he process of claim1, wherein the
regenerated catal yst portion has less than 5.0 wt. %car bonaceous deposi ts.
6. The proc@ss oflThepaicassiof cidierloiwhetehethe egeneaaidedta ioh hdPletd on has

| ess than w % car bonaceous deposits. WO 03/0598 0 CT/ US02/ 39644 64 7.
The processt loViiorRagbonggeors deposkie regenerated catal yst portion has |ess
than 1 wt. % carbonaceous deposits. 8. The process of claiml, wherein said
carbon-contai ning catalyst has no less than 5 wt.% carbonaceous deposits.
9. The proc8ss ofThepaictislof BB 1€ whea ﬁl@@érwﬂc&ﬁélhﬁg%hﬁgsfﬁés%ﬁéés has no
|l ess than 3 wt. % car bonaceous dep05|ts 10. The process 0 l'aim1l,

wherei n sai haBArWch-cethonageaindenvatal yst has no | ess than 1 wt.%

car bonaceous deposits. 11. The process of claim1 wherein said CO oxidation
nmetal conprises an elenent selected fromthe group consisting of G oup VB,
G oup VIB, & oup u ess qf claim1l
wherein said G oagé/t)/ﬂéﬁﬁesg?gglﬁ%qvglhgjgin ag%aﬁﬂ)o% ﬁﬂ}%lm};?%flﬁlfyg{;%élng ?éd from
the group cibasBstti%gadon@epuMiepasits. W sai d Group VIIB netal is M, and
said Goup VIIl nmetal is selected fromthe group consisting of N, Ru, Rh,
Pd, Gs, Ir, and Pt. 13. The process of claim1 wherein said CO oxidation
net al corrpr es O ere CO,oxi dati on
netal is ad%j(zd |ﬁﬁeap rfoéégrsno-fﬁga\l}lﬁr% &’g‘%&ex le(fér?gtfona(for?gh lélfl%ﬁatafétaqaépotl??én t he

di amet er ofthamlcbvtﬂércerb@ﬁm'bﬁw@ep@ﬁlts.the nmol ecul ar sieve. 15. The process of
claim1l wherein said CO oxidation netal is added in the

11.  The process of claim 1 wherein said CO oxidation metal comprises an

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

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. o

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 1 wherein said CO oxidation metal is added in the

form of platinum acetylacetonate.



formof platinumacetyl acetonate. WO 03/059850 PCT/ US02/ 39644 65 16. The
process of claim1 wherein said nol ecular sieve catal yst has a pore

di anet er oo d3@88sbhan 5.0 Angstronms. 17. The process of clrimushe/3vdaer ei n

t he nol ecul ar sieve catal yst has at |east one nol ecul ar sieve

framewor k-type sel ected from the group®2onsisting of AEl, AFT, APC, ATN,
ATT, ATV, AWN BIK, CAS, CHA, CH, DAC, DDR, EDI, ERI, GOO KFI, LEV, LOv,
LTA, MON, PKu, PHhe piReiys oRCgim dnwheTéiDsaid bihlecTilee sppve catalysoiiasalpaien 16 wher ei n
t he nol eculgr S] evg ca alg t has at |east one nolecular sieve selected
fromthe gr lﬁlﬂi‘et%ﬂ le§sﬁthﬁﬁ &A‘égsitr(?mste and chabazite, SAPO 34, SAPO 17,
SAPO- 18, and substituted groups thereof. 19. The process of claiml1,
wherein the nol ecul ar sieve catalyst has a pore dianmeter of 5-10

Angstronms. P0. THee prooess®$ clafm dbavhereldthewhsleilar sidve collyRehdsaF 1eakeve
catal yst has at least , one nol ecul ar sieve framework-type sel ected fromthe
group consi ¥ Aglegtlanigve frappgworkstyge selscied fpm thepmupRERsISHEOT AEL, TON, and

substituted o] r : : cl.al ei.n_the

el act i vi ty 15 APy ALNE s AT AR GRS By ol Bar BBRaRDIS % t o ¢ hat
of a conparBRl, GEOIKEE$ BALIORA DAIMON, PAG), FBASRALE mg,sag,iddrﬁ& oxi dation
nmetal. 22. The process of claim1l wherein there is no reduction in %

selectivity to ethylene and propyl ene conpared to said process carried out
The process of claiml

in the absepce sai d oxi dation.nmetal . 23.
wher ei n sai i(;BCCOOTC')}%% HB?‘?%%%@’[‘%%W@%P@SH%Ol?crﬁlﬁéﬁle"%ﬁ%fﬁ%thﬁéabkéﬁt er than 5%
based on t oglm6labdhdsssveWelcotall oI RIABY 66,,24. The
process of claim1l vr\hervgi nesai drOCO o%fcglgt iggﬁsﬁgéfl{éﬁgé{t%g%ﬁéehﬁ?azﬂtﬁ’ an anount
no greater IABQ-3Y4, SABASEY SPQ-d8 adndcabsiitytsd givpgthereo25. The process of
claiml1 wherein said CO oxidation netal is present in an

19.  The process of claim 1, wherein the molecular sieve catalyst has a pore

diameter of 5-10 Angstroms.

20.  The process of claim 19, wherein the molecular sieve catalyst has at least
one molecular sieve framework-type selected from the group consisting of MFI,

MEL, MTW, EUO, MTT, HEU, FER, AFO, AEL, TON, and substituted groups
thereof. -

21. The process of claim 1 wherein the selectivity to ethylene and propylene

differs by no more than +5% to that of a comparable process carried out in the

absence of said CO oxidation metal.

22.  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.

23. The process of claim 1 wherein said CO oxidation metal is present in an

amount no greater than 5% based on total catalyst weight.



anount no greater than 5000 ppm based on total catalyst weight. 26. The
process of claim1 wherein said CO oxidation netal is present in an anopunt
no great ewd 3@396500 ppm based on total catal yst weight. 22CcTite®2pvacess of
claiml1 wherein said CO oxidation netal is present in an anount no greater
than 100 ppm based on total catalyst 8 ght. 28. The process of claim1
wherein said CO oxidation netal is platinumand is present in an anount
ranging from5 to 10000 ppm based on total catalyst weight. 29. The
process of claim1 wherein said CO oxidation netal is platinumand is
present in4n a rogeshgh Hlgin ¢ shereppsaié Cobondsiommelaldd powentgran cat al yst
wei ght. 3 fio | hn.said. CO oxidation netal is
vanadi um a%é“omgn‘géfeég%ﬁ?‘a?# @h%g%éﬁ&f%ﬁal Srtl&'ef‘ 'm 10000 to 50000 ppm based
on total catalyst weight. 31. The process of claim1 wherein said CO
oxidation netal is added to said process separately fromsaid catalyst.

32. The pr@ess e mpegsaoficlairet svhareimsaid CO wsidatmninmialie pedsentsn added to sai d
process through, said regeneration.zonge. 03/ 059850, PCT/ US02/ 39644 67 33.
The pr OcesSanbcgmgp%gﬁa%rﬁ}@%@ﬁﬁpggb&s@rb&é&g@@gﬁt Weeht i s added to said
process through said reaction zone. 34. The process of claim1 wherein said
CO oxidation netal is added to said catalyst by ion exchange. 35. The
process of 26 ai Mt pabesseoiclaint &mhereat saideCOf 0:x5@iohanctAQ piesent ihmt ai ned
within said dense flujd _ ph of the regenerator. 36. The process of claim
13, where taﬁ@uﬁfg‘bgﬁeéfebwapgégﬂ’l’@fbaé%ﬂW@@léﬁtﬁhﬁ'{‘fv@iﬁh‘f- nmetal added to the
systemis between 0.01 to 0.7 H: Pt. 37. The process of claim19, wherein

t he nol ecul ar sieve catal yst conprises a ZSM4 or ZSM5 nol ecul ar sieve
catal yst. 27. The process of claim 1 wherein said CO oxidation metal is present in an

amount no greater than 100 ppm based on total catalyst weight.

28.  The process of claim 1 wherein said CO oxidation metal is platinum and is

present in an amount ranging from 5 to 10000 ppm based on total catalyst weight.

29.  The process of claim 1 wherein said CO oxidation metal is platinum and is

present in an amount ranging from 100 to 5000 ppm based on total catalyst

weight.

-
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30. 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.

31. The process of claim 1 wherein said CO oxidation metal is added to said

process separately from said catalyst.

32.  The process of claim 1 wherein said CO oxidation metal is added to said

process through said regeneration zone.
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33. The process of claim 1 wherein said CO oxidation metal is added to said

process through said reaction zone.

34.  The process of claim 1 wherein said CO oxidation metal is added to said

catalyst by ion exchange.

35. The process of claim 1 wherein a temperature of 500° to 750°C is

maintained within said dense fluid phase of the regenerator.

36.  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.

37.  The process of claim 19, wherein the molecular sieve catalyst comprises a

ZSM-4 or ZSM-5 molecular sieve catalyst.



