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a reaction, research has focused on what catalysts are
wExgenate, such as, for example, alcohols, particularly methanol and ethanol,

dimethyl ether, methyl ethyl ether, diethy] 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 economical, 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
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wherein carbonaceous deposit material is formed on the catalyst. The catalyst is
treated to form a partially regenerated catalyst having from 2 to 30 wt.% of the
carbonaceous deposit material, with a preferred range between 4 and 20 wt.%.
[0009]  U.S. Patent No. 6,137,022 to Kuechler et al., discloses a method of
increasing selectivity of a reaction to convert oxygenates to olefins by converting
the feedstock in a reaction zone containing 15 volume percent or less of a catalyst

comprising a silicoaluminophosphate molecular sieve material, and maintaining
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[0013] Ivar M. Dahl et al., “Structural and chemical influences on the MTO
reaction: a comparison of chabazite and SAPO-34 as MTO catalysts”,
Microporous and Mesoporous Materials 29(1999) 185-190, describe the effect of
relationship between acid-site strength and susceptibility of chabazite and SAPO-
34 to deactivation for oxygenate conversion at high spacé velocities to avoid

excess catalyst activity causing undesired secondary reactions.
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space velocities to avoid excess catalyst activity
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of said molecular sieve.

[0016] During step a), the average carbon loading ’increases with time of
contact of the feedstock with the catalyst particles. Step b) allows to control the
average carbon loading to the desired range according to this invention.

[0017] In another embodiment, the present invention relates to the above
process which further comprises the step of repeating steps a)-c)

[0018] In yet another embodiment, the present invention relates to any of
the above processes wherein said carbon atoms per acid site is measured using

acid site density as determined by NMR.



t he above processes wherein said carbon atons per acid
site is neasured using acid site density as
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[0019] In still another enbodi ment, the present
invention relates to any of the above processes
wherein sai d oxygenate conprises nethanol. [0020] In a
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a portion of said catalyst mixture exits said reactlon zone and is returned to said
reaction zone without regeneration.
[0024] In yet another embodiment, the present invention comprises a
contacting step carried out in a riser.
[0025] In another embodiment, the present invention employs a molecular
sieve which has a pore diameter of less than 5.0 Angstroms, e.g., a molecular
sieve is of a molecular sieve framework-type selected from the group consisting of
AEIL AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR,
EDIL, ERI, GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG, THO, and

substituted groups thereof. In an alternative embodiment, the molecular sieve is
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DAC, DDR, EDI, ERI, GOO, KFI, LEV, LOvV, LTA, MON,
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thereof. In an alternative éenbodi nent, the nol ecul ar
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fromthe group consisting of ALPO 18, ALPO 34,
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the present invention relates to the above
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iv) introducing said regenerated catalyst particles into said reaction zone in
an amount sufficient to provide a catalyst mixture of unregenerated catalyst
particles and regenerated catalyst particles, said catalyst mixture having an
average coke loading of 1 to 10 carbon atoms per acid site on the molecular sieve
in said reaction zone.
[0028] In one embodiment of this aspect, the process further comprises v)
repeating steps ii)-iv).
[0029] In another embodiment of this aspect, the catalyst mixture has an

average coke loading of 3 to 9 carbon atoms per acid site on the molecular sieve in



[0028] In one enbodi nent of this aspect, the process
further conprises v) repeating steps ii)-iv). [0029]
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m xture has an average coke |oading of 3 to 9 carbon
atons per acid site on the nolecular sieve in WO
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said D) introducing said regenerated catalyst particles into said reaction zone to
provide a catalyst mixture of unregenerated catalyst particles and regenerated
catalyst particles, in an amount sufficient to provide an average coke loading on
said catalyst mixture ranging from 1 to 10 carbon atoms per acid site of said
molecular sieve.
[0031] These and other advantages of the present invention shall become
apparent from the following detailed description, the attached figure and the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 1 provides a diagramof a reactor apparatus
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ggl egsul 1rvesnug3 e by weight in a nmethanol to ol efins
SREFE 8 6 Ocess of a preferred enbodi nent of the

Uosapnt i myertd @picth PARRloIHisM R ity @86 Sarbdil Hfthe
olefin selectivity versus carbon atons per acid site

moleculae sinenby wWeighdined imethavolteeilefing gopyessies prasessof a !
E ferreq@gtrbodl nt of the resent i nvention. [0036]
{eg pReto qglﬁﬂfﬁseé‘F’é’fVF’ Qel ectivity, nethane
U Vi FipnRAGedRIOBARR ASPEIdo iy iSESUSHEAABAR per acid
gﬁbﬁg perF cid sﬁl:ﬂt?{e gﬁgﬁshows acvbeﬁyvde fined maxi rl?ﬁrrr?m
kitginta methbial ts elefiat cotiveysiaspmcéssnt b iprfernéd enbsdigentortitbe
loading in a nethanol to ol efins conversion process
gresentigvenieed enmbodi nent of the present invention.
LED i 7
E&)%Lg t he convey R%fe Oxyﬂg%:l]/%{t\@%%étg f%e%eglﬁlgg%

PpRopang ZetectiniRy pél@dslé‘drb@ﬂat@fns lpepidid sikeedddshows mefedl-adfined
et hyl ene andlp ylene, and to nminimze the
mawu@mmght @ﬁ wlhﬁwy aétarfan@lonmf BpRIAge calsdoghing ina
é géo oéﬁ(ﬁnslcgg derg%gngocle VS rgftlrrg@ el@ﬁr:])ggﬂ?entt |afethe present
wehtlglyl arly selective for pr odu0| ng et hyl ene and
propyl ene. Such range is based on the acid site
density of the nol ecul ar sieve conponent of the

GRPAYSED DESCRIPTION OF THE INVENTION

[0037] One goal during the conversion of oxygenates to olefins is to
maximize the production of light olefins, preferably ethylene and propylene, and
to minimize the production of methane, ethane, propane, and C,+ materials. The
present invention maintains the average coke loading of the catalyst in a range
particularly selective for producing ethylene and propylene. Such range is based
on the acid site density of the molecular sieve component of the catalyst.

[0038] Coke levels on the molecular sieve catalyst composition are
measured by withdrawing from the conversion process the molecular sieve
catalyst composition at a point in the process and determining its carbon content.
It is recognized that the molecular sieve catalyst composition in the reaction zone

is made up of a mixture of regenerated catalyst and catalyst that has varying levels



[ 0038] Coke levels on the nol ecul ar sieve catal yst

conposition are neasured by withdrawing fromthe
w@eowerIson process the nol ecul ar sieve cat al p&I/US2003/017365

conposition at a point in the process and deterni ning

its carbon content. It is recognized that the

nmol ecul ar si eve catal yst conposition in the reaction

&PORboriaseBABpdsRs OThe ni¥adired Eolef eV @€ babatedogadapbyist thus

and catal yst that has varying | evels WD 2004/ 018392

RETYseIB2 @0 3V ag3@Bhe Evels af andividueleatdystppdisless. The

d I I d i.ts.thus..
E33Lcen G ReisttagSbaf B0 RIsRESTE <ERRRIY S aRine
-l . . 1995,
FRLB SRR oA, Byt ol ot
grReskS, 9n teraggke 2 Wi t9,abboir3 lowyYematdsn the tolabfeacison
conversion processes, in the range of 2 w.%to about

solume ofcokierbentalyst to pramente selpdvatyite bt efinge BewWerkdie

t t 0. ti Vi [ ] l.efi
iRl o R0 FTEL el PLEh bt iy bl eSS Rtoes not
RehdidtenlyPddp¥n b bt Ading&ath b Sokoleseliftige dlares bad esrtainty
depend on mai ntaining such a coke | evel range al one,

antlocesuci mivide range as\hes bearcpresionsly discloserk Rathp sraberesd
previ ouslg/ di scl os(ﬁdf Rat her, preferred. tretsulot S {erﬂ an
5SS IR OTEeAtR 9 FlE MRS FRAVFSIBITALIRRAT G 18yl $Fet o
?ﬁtﬁafoﬁto?ﬂ{e cioié' ReET Qiredited REME BhRiclRY 8lidiePbf Bk ahsicbul &
the particular acidity of the"nol ecular " sieve(s) in
tshwe@Rirathy stalytt dtilized in thetchevarsinn esastion It bazndwibeer found
has now been found that it is a v?nt a%eé]g.Lth t Ivsti

ot it IS PAVE B RN EnBIRED § YSRGS IGHIBEEIBS SAlHlYstin &
rrgxﬁ'%eoqu to10'cBrbbfl @ﬁé} AR PHe AGleElIR didveontddBent of
nolsecular 'si eve conponent o the catalyst utilized in
ahe Gatyigenailiced @ 0l Bypaste plefis @nvesdatréation do providede
superior_ prine olefin selectivity. Mlecular Sieves
angertrainyeselefimsrdecdiyity] 0040] Ml ecul ar si eves suited
to use in the present invention for converting
oxygenates to ol efins have various chenical and

Ry RLaiRl Sielésung\wurdysts Thaeart eri stics. Ml ecul ar
sieves have been well classified by the Structure

qon#dlssi oMolecularsigves svitesk todnain the prasent imeayen 4¢1 RVerting

according t he rules of.the . 1 UWPAC. ]SS on
R R A LBl A S A
CARRREdisMéd XoldRRP SRUYs hfle HebeweRcIaa8166d BY the Structure
coordi nated atons constituting the franmework, and

n@dinngssiom aftibe Ingernatomab ealite Asgosiition acgnrdipe te thegules pf the

tI?JOI%EC 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 molecular sieves for which a
structure has been established, are assigned a three letter code and are described in
the Atlas of Zeolite Framework Types, 5th edition, Elsevier, London, England
(2001).



materi als. Framework-type zeolite and zeolite-type

nol ecul ar sieves for which a structure has been
w@gioabissghed, are assigned a three |etter codeP@nUiSENE017365

described in the Atlas of 1Zeolite Franmework Types,

5th edition, Elsevier, London, England (2001). WD
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PRdbpl es Nondindsmg erahpdes Eithese endecudarasidvesarsitad smalbpere

no| ecul ar sieves of a frameywrk-type sel ected, from.t

@Pl?ﬁblaé Sesssfiafgnagworleitype S,&E%,‘edﬁfﬁ@? thergyoumgensiskipg of ui,

REY APE AT TEATV VA VoS R AR G R
ERDGOOYK®Y, TRV B0V ET R0MON [ IRA UpBHURIFO! ROM) ITEIML and
sieves of a framework-type selected fromthe group

substiugad foyme therso) thevmedivmypre mralecytERievieepf a fipmewoririype

Mlctod P BF gb EPuitb st ATt SRk - HpbE PER: Mt PR
Mo ML GNP Rt ol tidilot; BfHAhealitde pore molecular

substituted forns thereof. O her nol ecul ar Si eves have
siefesarfevicamkevworhaymeadelected dront thengrotye carstipg 0O EM B tHAlg, and
LTL

of ANA, BEA, CFl, o] , .G 5, \ R ,

Bha1i foRgh INerastc PRG: BIRTASIE S13eS s U aRQITEaype Selected
o i el |

055 4 UL R, 0, SRS L

MGR UKV RhaseSOBY i Neh-Budi thianewaittes ofike prefert etolécudan

the group consisting of AEL, AFY, BEA, CHA, ED, FAU,
sigves, purgculprin for cppyerfumian oxygenatyopntaiging fegggpockinig and

TON. . kn_on referred enbodi h I si eve
S 08k oSt EhAE s FARERbER e st L&A efup
LORKRGG AT, AFE BHA TGHAORDLFeAEOFER VO, L6 TamaigR 2
CHA topol ogy. [0042] Mbl ecul ar sieve materials all
VEle MOR ME s MOWAY, TAMandddiNe tn e prefegied wobrdiment, the

B B0 AR e AP T B o
SHRYBRALEH rekdoB H&d hiefdesIGd A thpolbgy.ne of the size

of the ring that defines a pore, where the size is
BRA:2YH on Mudequinrisieve miateTialseellomyeidnditsasipnal gfouteenmected

f.ramewor k-t ype character.i stics include, the, arrapngenment
SrmenRgs SEYRRre ob PO E-baERS e ietw[ﬂ‘s#fap%%fsﬁt iy fPahcdrally
gbéﬁﬁ%&%rbaﬂgn.c PRAP Etlo?ecu?ﬁ dich Beare SRACAT RELRAR s of the
cages. See van Bekkum et al., Introduction to Zeolite
Stk efl de rimnitlatRiefints £pore Sebarn theGorypis bbheldyonRby nemberanfd
Expanded Editiqn, Vol umi 137, R

atoms 1n 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 15A. In the most preferred
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Net her| ands (2001). [0043] The snmall, nedium and | arge
wp@oroe/om3becul ar si eves have froma 4- ring to BCIWBS2005QL7365

or greater framework-type. 1ln a preferred enbodi nent,

the zeolitic nolecular sieves have 8-, 10- or 12-

ring structures or larger and an average pore size in
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%}hwam@ﬁp osphate ml@@lﬁréwvg$ Baxes3-angs pad pmgvaregedipre size

RECTEE AR 242 PierGraRly T RARRES B ST L ESA DR
%&e&lﬂablﬁﬁonpmft@ EBRUtY.IA) ahdd %dsﬁﬁ@?eréﬁl%rfffo?r% 3A ﬁo%a@wm

nmore preferably from 3A to about 4.5A, and nost
[90d4fer abl Moiacu}mr Sic¥, patiabledy zdoltik. and[Z@())lzﬂmq-tyI}ib nededudar

si eves, cularly zeolitic d zeoI [
SN BRI 8RR Mo %&cglﬁﬁfra@ﬁyo istesay 90 or more

ChATeRG e PO o) BRI ﬁﬁfé&%‘?l?as%, ore [S10
pAler, paeibdy PO, Jetralicdral rugitf, Sn@4host pfefck@ly [Sid],qAIQ PaAd
tetrahedral units, and _nost preferably [Si04], [Al104]
ER{] tqtrabegral @tlt&aﬂ*@éml iqsH @lsummﬁésaéldsn opRhs¥oUsAased num

gcﬁpo 1’%{}8{ alr'ﬁR% (fllé EIJH an%inus o% us based

con Ing Si con Um an’ ase

Hﬁhe%ﬁlé'r levéd W@%e&ﬁ&@cﬁ@éﬂﬂn@@&@lﬁh kﬁﬁﬂletdhs @@bmdtlohilmcludmg
numer ous publications incl udi for exanple,

fagtesampiioU. St Pagnt Deod SOBAT(MBAPS Whert devs ngrMﬁ,zZn ovr

ﬁﬁiﬂqg Pacahi e Had s dsAB0n W kobsadFhans ADPRERRE AT 150

B84 (L APEO WiRre BRis A2 BeFE, CLiCo, M, GMFe Ii M, MR) Ti or Zn),
U. S Pat ent No. 4,554, 143 (FeAPO), Pat énts No.

W, B T2ttt Bo. 4,558342 (FeAPQ), THS. Mﬁm{lﬁeﬁé}?w 47 R;68321158

199885 ey OB o g s et o s L7 0,
0% 0,

Ripda)o! R (LA EE ) VAR ATRGTAP R gt iEin cRge M

Mrﬂ?{a 04 20), (LSAPSE, NdJ4SIOHaOQAﬂP(Nc) ERFAZ8 955350 (SEMEPS0),

1 S eaian Na, aApds0 AR SOIPH S Hat Nos s 5855 b0 8 S ABRAAS.

100G E90 2 (SRS SR 1888 (G EOL 80

$4i6aBNG 19,057,290 BE2APSE), UiS %ﬁm a/7d8 QSM&M@D) U.S.
% MyAPSO), U.S. Patent” No. 4,554,143 (FeAPQ), U S
atea FﬂNNa4 49899, a3, %%Wﬁé@;APQ) .3J.SpBatents Nas. 4,758,419,

288533888 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
(BeAPSO0), 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 and
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



(AsAPO), U.S. Patents Nos. 4,686,092, 4,846,956 and

4,793,833 (MAPSO, U. S. Patents Nos. 5,345,011 and
wG2361831 (MMAPO), U. S. Patent No. 4,737, 353 PCT/US2003/017365

(BeAPSO), U.S. Patent No. 42940,570 (BeAPO, U.S.

Patents Nos. 4,801,309, 4,684,617 and 4, 880, 520

(Ti APSO), U. S. Patents Nos. 4,500,651, 4,551,236 and

ﬁa@ggmgg%nﬂéégﬁgg)éozm S. wdHEd;éthPdﬂents M0824ﬂ,565@29 4,686,093,
at ent
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1002% , 0930het nddaBhicvds H9R1d9 Btbse 4e@Bibe @ GAEP-0 888 187 Bl
197, 4,917,876, 4,952, 384, 4,956, 164,

41;11%@01@55 crﬁst@l?iﬁe ﬁ%allo@h@plhateg FA@A@EO@@Q, UaSd Patent;\lo
675, 050. . [0045] O

G006 BB dolesaipSveps ApRHne eh BTSSP Ry Aa R

g%ﬁ%i\lkgg)‘g i?fe d PEE Ry (4! $hdD g)%nte Rd Hyatsatboo-

cu ar si eve and allne earth
@lst)), PO SV ORAY @134 0Anplished Sepiamb8eT,i | 2&]0 1(tbori@9 cbdtaingy3

filed February 24, 2000 r at ed carb

aqealequasisievepemd \R@S@qstém% Iﬁﬁi’?ﬂ p@é\‘?ﬁe‘?@&“ﬁaﬂd
| ecul ar SI eve), and R

é%ﬂé@iﬁ?\f ?8%‘% ﬂﬁqlg% ar Sieves, Van Nostrand

pepol d, Thigwmore bi%fe&&i"!‘,ﬂ}(@‘hkal(lﬁﬁﬂﬂn aﬁ&ﬁﬂﬁl}osﬁh@oﬂ@ﬁ@talnmg
pr ef erred silicon, alum num and/or phosphorous

omie(axlanslqyes ol @burhiapnms pleasphoronnh @nd onteRalky silicon, containing

st aes v n taarasduie LFROL R Aol nd

'E‘ﬂ}c%&lﬁ nﬁﬁopﬂo@%@a‘? @]Q’Oﬁnble@&l&l 16 QRt oskiaited, pEdAtiahbly

nol ecul ar "si eves and substituted, preferably netal
subisitsubstitatd, ALPO @S/ SHPEokmshlae siexes. sThomest preferreehst

preferred eyes, are SAPO | .a ves,
aﬁ@e%%raqleveaamcf%@é’a& sieyg$: B¢ F%‘@P@%ﬁ%"eﬁ ﬁ%ﬁ’

ol I ™ of
SHOCE Bves: ifalGnfodindpt heductdlis sl Hhali sl T ot o
niaé Réricfic Caslepf Eletnaits, th elkaler ¢aodh metﬁhd)ﬂ G@rovp IE efibat s,
a rare earth netal of Goup I11B, gﬂ ﬂ’ﬁq‘% h
L%ﬂﬁpﬁmﬁ alpdesof IElspeRignt e easyh mtpl ‘bfr H igjuding the

R SRR, B U R umdlyﬁi)}‘%&tme LR

| i i 1paclieivie, aeydiuhi) dysprasitimi, Hoindfmi bbivee) tholiro,
Tabl e of El enents, a transition netal of G oups | VB,

\iterbinm, andilpigtiung andsscapgism) g yiuphef 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

carry a net charge depending on the valence state of the metal substituent. For



Periodic Table of Elenents, or m xtures of any of

these netal species. In one preferred enbodi nent, the
worea0al18392 sel ected fromthe group consisting oOPCIZUS2003/017365

Cu, Fe, @, G, My, Mn, N 3Sn, Ti, Zn and Zr, and

m xtures thereof. In another preferred enbodi nent,

these netal atons di scussed above are inserted into

telvemplel AneRsRMboaimeént/Whacthk aietslisayRithdit AHOA valence state of +2,
tetrahedral unit, such as [ MeQ2], and carry a net

ciar et epedudha getmhargeeof\tber tstreledsal ami ipbetigen A ard +2.

IR <. Phon et O RN TS ReteiCt QPR e

@S Pat¥#t a6 f iri h t
098, Patift, BRARORGG vOlis feprescitidd by e cimpiniBhl finuiy 6y AP

[adbydtbud brssne embodi ment, the nol ecul ar sieve, as
described in many of the U.S. Patents nentioned
above, is represented by tBB:@MALPDOal formula, on an

e resents
YD R tepiadt o 1905 AE il Taiie oW hiE Sl R R0
tterﬁplaﬁhg A&n8IR AN the Muhibet BEmBKEBER pef midh 65(MALR JTBland m
mol e of (MKALYP)O2 and m has a value from0O to°1,

;haéﬁéabzb 0 t@lmrgferaéxhsdo 085, prdahest pntfyrablyofron (tto 0.3; x

Indosf sorsben R mn PR ERGE AL e Bt el R fapdes Wherc

S&h efke Geléét@drﬁ@ﬁ?or&fot@@ ?IAHIA' BT BBIVB' VB, VilyByiB,
VIB, VIIB, WVIIIB and Lant hani de' S of 'the’ Pefiodic

TEBIBeanglf Lot lempdetsof the Bérmchchgblwa Elemmtse ptedetablydvhione
R I ST N
L a8, ¥n Jnla% Ph aﬁgfﬂ@bdﬁl%np n%is QFQ%P%T%/ pr @d}q 1fo 32%nd x, y

gréat’er than or equal to O ot her’
@mﬂmmatﬁrihnnsrgqmue@m han O 1 to about 1, x is

than 0 to about 0.2 is in the range of
ﬁP@fﬁ 0. 4 {Rarpther eappdimend, ms g‘ﬁétef 818 8- loto abopbnxois greater

ttﬂalpﬂ gy a&?ﬁ{ & ZS,r}ﬁf‘s% a r%né@r c%ﬁ guﬂ - 0855 §518 gﬁ%?ﬁ thle Larige 8?n

Cfrcﬁnoasaos 5, h%éﬁﬂefdi@ﬂylm 1¥i frdnn 0. 16X 01, &Ss BomSAPOIAMY, y is
ALPO nol ecul ar sieves of the invention include one or

drom i ta S, 8nd &fs kppd@ Fto GAPO- 8, SAPO 11, SAPO- 16,
EDLT NGRSyt SRR SR
(ibVentiofPaichitle dNe or 8 cd®Birkdidn of SAPO-5, SAPO-8, SAPO-11, SAPO-
16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAP0-36,
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



SAPO- 47, SAPO 56, ALPO 5, ALPO- 11, ALPO 18, ALPO 31,
ALPO 34, ALPO 36, ALPO 37, ALPO 46, and et al
w@oviaisldng nol ecul ar sieves thereof. The norBCT/US2003/017365
preferred zeolite-type nol @¢ul ar sieves include one or
a conbination of SAPO 1 8, SAPO 34, SAPO 35, SAPO 44,
SAPO- 56, ALPO-1 8 and ALPO 34, even nore preferably
8L cHhbiRaH I D32 Bl AR 18BanSABEY Sehtaiflng@hSiécdad
ALPO- 18, and netal containing nol ecul ar sieves
‘sihwsethéreoﬁnd most preferably one WO 2004/ 018392
P S2003/ 017365, 14 a .conbi nati.on of SA
RL 18, H’rﬂﬂleﬁé%oélllm@gn |ni’ﬁ‘?lﬁi:}‘ ?Foﬁl%"(?dfﬁ‘?mt?ﬁ@}’gé
PaREE o oL ot s BTGP e ShufeS vAGE) Bfe SRt

diest b&ﬁbod@tﬁlﬁﬁ da p@fncaray,slhazlrgmnﬂl ﬁioﬂemulan siesesmre deseribedin the
nmol ecul ar si eve conposi tion. @grtl cul ar,

Lh Ragersvimplipssioacisrial Nej @8/, er@:ﬁ Seieupicts 20A1 ppd PCT WO

X05408 P Raif ol spales BBl (B PolE b e
+8mp h@esaeﬁ‘ %%ne@ﬁ'f@fg%ﬁﬁ BhasetdT Q\M@nﬁ@ﬁ@ﬁra&l@v&k-types For

conprlses at | east one intergrown phase of AEl and CHA
fexamplmoSkPOkaeALPbeﬂS andk RV el 8 Igapan 11 fmmpeorork-typeg and

av AEI wor k-type, and SAPO 34 has a
w&%&%&%ﬁ‘% %@W&'}n@é’& ar Sieve Synthesis [0051]
The synthesis of nolecular sieves is described in many
of the references discussed above. Cenerally,
ibkeulbagicsd Sxabesiy e synt hesi zed by the hydrot her nal
crystallization of one or nore of. source of

A005AInum The stihess eimolsRyanFie s s desgriose ip agargof the

'e:l”er&%@s d@cﬂ.\tsge'apib?{ré n@e@&ﬁ% mAbdi g si&tahre gﬂtthé‘élﬂécﬂ%l the

npound a combi nati on of sourtes of

Sh}idlr@cﬁékmaa b@BﬂaniZB‘m(&n@lf orfehua 3ypdre b b Souropdf anmidum, e sohrce of
one or nore tenplating ag@r;ts and/ or one or nore

matena(i|

rftosphazos, aﬁwr%o plrEngHrgeab and A metal copigiping
B%oi@? 8 (SFEALy. paPib R B st bR Mikeln M BBl and

Fh(ﬁrou§ byﬁérﬁll& A dﬁérbr RS mﬁaﬁﬁgjageﬁmﬂmr Oh€ pr more
until a crégtalllne material is fornmed, and then

rmcal eordain Cbmmouraismm]pla@@wmral aeeﬂgépre@ﬁlraﬁaﬁsslr optionally

ec
gléqmeglg tlggn g{e&piaﬁ ) F']éChS%; gtir 8r%et %'le?%ﬁ}%héa?e% under a
r &?f%ll&&tl&{ ReLGte A tenpaUREE vafil §bﬂybtﬁnﬁhe reat&@dl icRnakd, and
al m num a source
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.



of phosphorous, an organic tenplating agent,
preferably a nitrogen containing organic tenplating
w@g@an1s3and one or nore pol ymeric-bases. Thi s PCT/US2003/017365

particularly preferred emdddi nent results in the

synthesis of a silicoal um nophosphate crystalline

material that is then isolated by filtration,
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aqueous suspensi ons_ thereof, for exanpl e Ludo,ﬁé,HS- 40

gwilablafiemdnl. du PepdedNemoyrs, PoringlenNrigHpzE, silicic acid,

| monat.on,. I re [ Lk Ci ' iy - -
SRR PR G b 51 Bl e AR Sk b icon
$PMEGEa 1. silicon is a silica sol. [0054]
Non-1imting exanples of alum num sources include
40054] num Noodimiting axeroplaposiluménun serepesdsclade apmighm-

A o AT T e B AR i

ﬁc{ﬁ%ﬁﬁﬁcﬁ aAluRSSHS Br RPEIE] 418miriind RedrbRidard dihny Slufimite,

chloride, or any conbinations thereof. A preferred
psetrdoebaehmite ygibbritmand apseudo-thcehriile, or appearnbinhtiensythereof.

o Sebr oS Ve £ s RO B Bl R ocucing
%hosglgpgﬁmi%ﬂﬁg IRY mBleSBlar 5iBGd ude al um num contai ni ng

orous conpositions, include phosphorous-
qoe35}i ni nQon-lnattdarkamples of plassphorounspoessf wWhich nsycliscas
phosphoric acid, organic _ phosphates such as triet hXI
pReSghalnBInEPORARIERNOSPROTENS @RHOBRIGRS include phosphordus-

| um nopho J 4t
e R e
Hﬂﬁg}ﬂ{h@ds%%h hstripheBHephaie anid dryspdlitd @uingurplyoushen
produci ng a silicoal um nophosphate. [0056] Tenpl ating
sdeminophosphafiensuchiap @Lé’&rpmmagorpﬁwalféoqxtcanm@ﬁleﬁ%ﬁﬁeofo

a VA of Peri odi ¢, Tabl .
o e voueit ot et ics Bhgiot Ko e Ry poen
%b?@ﬁyasiﬁﬁéﬁu@fn%ﬁlﬁsﬁﬁéﬁt. nitrogen or phosphorous, and
nos

10056} Templating agents are generally compounds that contain elements of

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

as amines and quaternary ammonium compounds.



preferably nitrogen. Typical tenplating agents of

G oup VA of the Periodic Table of elenents also
w@eontaislont | east one al kyl or aryl group, prePer/akiog3/017365

an al kyl or aryl group hawng from1 to 10 carbon

atons, and nore preferably from1l to 8 carbon atons.

The preferred tenplating agents are

Jo057]jogen-Tand@itdthit§ aGRimoun dsmpuainds, sor@eniasliraad, are

quat er nary anmmoni um conpounds. WO 2004/ 018392
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ﬁﬁ&gwdﬁéWﬁFﬁg ‘ﬁﬁhﬂET%ﬁFC@ﬁﬁﬁund(s) and one or nore
non
gﬂ;{ 3 0N?n tcljﬁmtlff% ?)Earrﬁgp'lesad?t&ﬁplahgg ggéntmgfddk Q%(tfa%fkgl

| es agents 1 nc e tetraal

ARt GapRaide dscludisg sidis tigersefl sush hdhetrambthyl a:rhmaﬁlum
tetranmet hyl ammonium co ounds |nclud|ng salts
eqiep@wis lrtc&d«@&@aigsnh@aeﬁfoﬁ raeH KRB OREE coparauiinigcluding

a |nclud|ng salts
R Bstel e abioas FieniPyy u&ifwdu eEisERR R &
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propylanmine (DPA), tripropyl am ne, trlethylamne

Propaming (m?mh rtmprapylnmme p%/eﬂeﬂarmnn €TE&ydriothengliminene,

BBT LB laek i, e b ins REK AR todfamine, NN-

Meh'l‘y%tﬁ'ﬁ!o%ﬁ& Qﬁ@ﬂl@ﬁkﬂ@mn&hw Nflﬁmethylethanolamme choline,
N, N”- di et hyl pi per azi ne,

W, M-dimetypipyratioe,2, - Ay als e b2, 20 pcthhe, N N{SN-Gtretiathiyl-
1, 6) hexanedi a t hyl dj et hano i pe, .
{\L@g{eme digping gmth%/édlgtﬁefr%%rﬂw Npp v %tﬁﬁ@lamme N-methyl

= I
élp@ﬁ&xﬁ¥ 3;)9# /1= nggeQ@ine qﬁét‘lﬂy g b@ﬁ@ﬂ%ﬁf@ng@aﬂ yr1d1ne 4-
Nb‘th}(ﬂ-lp@ﬁﬂim}tj q\hméblﬂﬂhr&zﬁﬁﬂ (-Ihmleﬁny,l A- (ﬁ}izabﬁ:dyahxﬁ 2ol pctane ion;
di - n-butyl am ne, neopentyl am ne, di- pentyl am ne,

Sﬁﬂ“%“}m’é’ﬁi IPF@PGWBBFW dl‘ﬁ?ﬂeﬁﬁdw@{ﬂﬁyﬁ@ﬁ@w aingel-butyl-

BT s I cBEainBife, fiok s Ghd SRS BREL LOF P onf U
FH)SEP und, Thel 9f&fé;tﬁedtt6ﬁ1pl@ﬁﬁ@ ¥denB bR Apldte Iydlie@uétBflammonium

, tetraethyl ammoni um phosphate, tetraethyl
a@mn@nnsﬁsrwqhuns eterethyl ammeaiuny hy&mﬂﬁ i(URAQiDoisigethy]

t et ! aet h%#ﬂ@‘m’e, {e!flraetﬁ}ti amo rmI gn%ur% uorl terteel em{yl amammrrmn%nl'{m

bromide, tetracthyl ammonium chloride and tetraethyl ammonium acetate. The

most preferred templating agent is tetracthyl 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-, aluminum-, and

phosphorous- source, and a polymeric base.



nost preferred tenplating agent is tetraethyl amonium

hydr oxi de and salts thereof, particularly when
w@e@docid3ny a silicoal um nophosphat e nol ecul ar BCBUS2003/017365

In one enbodi nent, a conbination of two or nore of any

of the above tenplating agents is used in conbination

with one or nore of a silicon-, alum num, and

968 hor AReymeric beses, aspetialygmilymeri¢ baseagmt addoluble or non-
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one e mént,” the polynmeric base of i nventi on
bastian, g»kéfenabbzrwaem ﬁ«»msgresteﬂ thhn Gno abowefldl mbleyprefeiabiy from
from %reater than 7 to_about 14, nore preferably from

8a'P‘BJtdE}o@PStﬂefefﬁ?btfr‘ﬁ#’@b@\‘ta%?oy”f rom about 9 to

E}ﬂﬁﬂtﬁ"“ﬂ 0uRP BhBGLi b B AP olatB oAt b
Wib%s@nté&b?*tﬁe fosmalap AW, ivtheds (RIDTH)TE hipdlyniktic oriteibmeRc

contains from1l to 20 carbon at oms, referabl from1
teit vheredt portaing fioms! s} @arlpmbatemamry ergtdyrirent btosl0 carbon

b t bl
Pl PR RoBGElo TR APmsstt bt P ethepheiom 1o 4
Gﬁbgﬂhﬁﬁﬁt x ifhd Bitedet frB@AMo 500/080C h@gne &hb&difmkehC R is a linear,
pol yme nononeri c, chain, preferably a |linear polyner

bmphﬁd hra%'rqhg pbhyomar Lmpeomgics ehdiosrprefetably a lioes Pplyinrer chain
oth % g the polyneric base is a water
‘é‘Eg FFEPFTLABMSe, preferably in an aqueous

fGUGQ I on. 1d dhotiRk cAMBOERRAL, m%ﬂgﬁ& baselif'8 WAl YBLbIE

base is a pol yethylenimn i's represented by the
polyhevicbgse, geafierbly ih an pygdeans solution. In yet another embodiment,

-N CH2‘ - N( CH2NH2) CH2CH2-1"), wherein in is
§hﬂoq??42 YBEHG 228 }%%@0%'6 W mﬁnp%zw W@e%e@tezl, e Tollowing
gn%}% Yafrom1l to 2000. [0063] In another

|msnt the polyneric base of the invention has a

M@Egcmp)m@d\l{bﬂ CW@NH@CH CHyA] apehireinQf ig fomd@ub 20,000,
1, 000, 000, preferably fr
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



about 2,000 to about 800,000, nore preferably from
about 10,000 to about 750,000, and nost preferably

w0 e@aosiseut 50, 000 t o about 750, 000. [0064] | nP@mnUs1ve3/017365
enbodi nent, the nole ratio1®f the nononmeric unit of
the polyneric base of the invention, containing one
basic group, to the tenplating agent(s) is less than
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%??}%{ﬁgﬁ()h?grﬁ]&é{) I%{rByTe%egfthyrre% nedi am ne). [0066] In

moes]her mdtmahb&diﬁlehﬂue Rvieftion & diict@a%¢d nicthad for
met hod for synthesizing a nolecular sieve utilizing a

vetesingrmmatyentar sipyertdizig ytempldingagest, pteéqrrpblatan egeanic
t.such as an organi.c am ne, an ammon
GaMintaeen b S ORGF o b pRRRTER fe RS b
RAMSARME ﬁycﬁaﬁﬁeslﬁghnmau@@wﬁtiwdl b BRe shAPA7] 1n a
typical synthesis of the nolecul ar sieve, the
pdigathhienmige., aI um num and/or silicon- containing

onents ar e, fer whi. | e rri.n
087 br 9ata'p isAl sywtiiesis OF ﬁa YRt v @F P%Hh"?%é »
] I I I
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m xture that is_then heated under «crystallization
apallpl msiad, g ﬁ@#\@@&,wb ag Water g eng of plora e mplaling ageps apd

%I@é(gf ?l%ﬁaggep 1 o, | gggzrli'nsmlf‘e &8 rr%l ?ﬁ% hed eﬁQ@HQ}M and

tiga@tlizanen &@mixluﬂislomgreag@@ tnd RAthetibere @k degefibedin WISePatent
al um num source, phosphorous source, and silicaon

y@arﬂe@o $H., Arﬁélaﬂaefr 096,e%4, anchpyl e, Th%pwmneaﬁ@éwgﬁy
g oS R B Lhed URaPERERy AU S o
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e Ik

51mu1taneously 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



[0068] Generally, the synthesis m xture descri bed
above is sealed in a vessel and heated, preferably

W p@e18301 ogenous pressure, to a tenperature iPCT/082003/017365
range of from about 80C td9about 250C, preferably
from about 100C to about 250C, nore preferably from
about 125C to about 225C, even nore preferably from
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hydr ot her mal 2004/ 018392 PCT/ US2003/ 017365 19
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sanme framework type nol ecul ar sieve. [0071] The
Hspedsdae ﬁnﬁhercqry ¢ @anm firammﬁrk. typeaEelacaldr gigyve-wi t h or
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Cdg¥taticH dd stidding) ﬂ'oMair@fl’e SBYin® 6r ©@HIInBU WS sBfring or agitation
intermttent, preferably continuous agitation.
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[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.



base, subjecting the mxture to crystallization under

hydr ot hermal conditions, establishing an equilibrium
wheiomees3onol ecul ar sieve formati on and di ssol uP¢DES2003/017365

and then, renoving sone of 20he excess tenplating agent

and/or organic base to inhibit dissolution of the
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enbodi nen enpl ating agent is used in th
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[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
elevated temperature sufficient to either partially or completely decompose and

oxidize the templating agent.
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Met hod for Making Mol ecul ar Sieve Catal yst
Conpositions [0079] Once the nol ecular sieve is
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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

synthesized molecular sieves and other materials such as the matrix together,
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[0083] The molecular sieve synthesized above, in a preferred embodiment,
is combined with one or more matrix material(s). Matrix materials are typically
effective in reducing overall catalyst cost, act as thermal sinks assisting in
shielding heat from the catalyst composition for example during regeneration,
densifying the catalyst composition, increasing catalyst strength such as crush
strength and attrition resistance, and to control the rate of conversion in a

particular process.
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catalyst composition, where the amount of binder is from about 2% by weight to
about 30% by weight, preferably from about 5% by weight to about 20% by
weight, and more preferably from about 7% by weight to about 15% by weight,
based on the total weight of the binder, the molecular sieve and matrix material,
excluding the liquid (after calcination).
[0087] In another embodiment, the weight ratio of the binder to the matrix
material used in the formation of the molecular sieve catalyst composition is from

0:1 to 1:15, preferably 1:15 to 1:5, more preferably 1:10 to 1:4, and most

preferably 1:6 to 1:5. It has been found that a higher sieve content, lower matrix
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ular sieve, binder and
partlcles 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.
[0091] When a spray drier is used as the forming unit, typically, the shurry of
the molecular sieve and matrix material, and optionally a binder, is co-fed to the

spray drying volume with a drying gas with an average inlet temperature ranging
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[0095] Other methods for forming a molecular sieve catalyst composition
are described in U.S. Patent Application Serial No. 09/61\7,714 filed July 17, 2000
(spray drying using a recycled molecular sieve catalyst cbmposition).
[0096] In another embodiment, the formulated molecular sieve catalyst
composition contains from about 1% to about 99%, more preferably from about

5% to about 90%, and most preferably from about 10% to about 80%, by weight
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h{]l%ﬂ]Udl ng 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, preferably from 1 hour to about 10 hours, more preferably from about 1
hour to about 5 hours, and most preferably from about 2 hours to about 4 hours.
[0101] Other methods for activating a molecular sieve catalyst
composition, in particular where the molecular sieve is a reaction product of the

combination of a silicon-, phosphorous-, and aluminum- sources, a templating

agent, and a polymeric base, more particularly a silicoaluminophosphate catalyst
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[0104] The various feedstocks discussed above, particularly a feedstock
containing an oxygenate, more particularly a feedstock containing an alcohol, is
converted primarily into one or more olefin(s). The olefin(s) or olefin
monomer(s) produced from the feedstock typically have from 2 to 30 carbon
atoms, preferably 2 to 8 carbon atoms, more preferably 2 to 6 carbon atoms, still
more preferably 2 to 4 carbons atoms, and most preferably ethylene and/or

propylene.



di met hyl ketone, acetic acid, and m xtures thereof.
[0103] In the nost preferred enbodi nent, the feedstock
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{0109] The feedstock, in one embodiment, contains one or more diluent(s),
typically used to reduce the concentration of the feedstock, and are generally non-
reactive to the feedstock or molecular sieve catalyst composition. Non-limiting
examples of diluents include helium, argon, nitrogen, carbon monoxide, carbon
dioxide, water, essentially non-reactive paraffins (especially alkanes such as
methane, ethane, and propane), essentially non-reactive aromatic compounds, and

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

being particularly preferred.



referred to as light olefin(s). [0108] Increasing the

selectivity of preferred hydrocarbon products such as
weedwloesse2 and/ or propyl ene fromthe conversi onP@Ff/US2003/017365

oxygenat e using a nol ecul aB0 sieve catal yst

conposition is described in U S. Patent No. 6,137,022,

and PCT WD 00/ 74848 published Decenber 14, 2000.
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m xtures thereof. [0111] The process faor converting a
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S S ed e s o posie SRS R Bt e EH R ied 8o
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is a fixed bed process, or a fluidized bed process,
pesfibedibi, forgxample, U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522,
and Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger
Publishing Company, New York, New York 1977.

[0113] The preferred reactor type are riser reactors generally described in
Riser Reactor, Fluidization and Fluid-Particle Systems, pages 48 to 59, F.A. Zenz
and D.F. Othmer, Reinhold Publishing Corporation, New York, 1960, and U.S.
Patent No. 6,166,282, and U.S. Patent Application Serial No. 09/564,613 filed

May 4, 2000.



conti nuous fluidized bed process. [0112] The reaction
processes can take place in a variety of catalytic

WO e@eh 392 such as hybrid reactors that have a PEnBs200&0l7365
or fixed bed zones and/or 3tast fluidized bed reaction
zones coupl ed together, circulating fluidized bed
reactors, riser reactors, and the-like. Suitable
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Wisials feed apd astelystrarsdrit@idues. ORyegesRtien kehedliethie portion of the
conversion reaction takes place, As further used
TR appareRis in whishthe fediipeontasnird with Breeetalyss undgs conditions
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RN v IR Prn BT ok el G IR RBHIZORE
Bty agugsdgyzonk! 13 thdBortion Bf tHeQ@84d @lapparato $h wWAikthe t he
reactor apparatus includes a reaction zone, an inlet
cathest apdiany additinmabzodida in themeactortaee separfated fran dte produdie
orthon.of the reactor . ratus into. which ed and
A A S R Y e
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contacted with the catal yst under conditions
[811@ct i ve Inencorpodiment,tbe amygendiiquidde¢dsarckded sdperdielp or
jlo{}lttl(})f v?it}l a 9ar1])tor Peleggtlogk, % ggeua%%dr system is in the range of from 0.1
weight percent to about 85 weight percent, preferably from about 1 weight percent
to about 75 weight percent, more preferably from about 5 weight percent to about
65 weight percent based on the total weight of the feedstock including any diluent
contained therein. The liquid and vapor feedstocks are preferably of similar
composition, or contain varying proportions of the same or different feedstock
with the same or different diluent.
[0117] The feedstock entering the fluidized bed reactor apparatus is

preferably converted, partially or fully, in the reaction zone into a gaseous effluent



The "di sengagi ng zone" is the portion of the reactor
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[0119] 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 preferably 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.

[0120] The conversion pressure employed in the conversion process,

specifically within the reactor system, varies over a wide range including
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3000 hf', nore preferably fromabout 5 hr"
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 preferably greater than 4 m/sec. See for example U.S. Patent
Application Serial No. 09/708,753 filed November 8, 2000.

[0124] 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



to about 1500 hf', and nost preferably from about 10
hr"' to about 1000 hf'. In one preferred enbodi nent,
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gas containing oxygen, under general regeneration conditions of temperature,
pressure and residence time.

[0129] Non-limiting examples of the regeneration medium include one or
more of oxygen, O,, SO;, N,0, NO, NO,, N,0;, air, air diluted with nitrogen or
carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide
and/or hydrogen. The regeneration conditions are those capable of burning coke
from the coked catalyst composition, preferably to a coke level less than 0.5

weight percent based on the total weight of the coked molecular sieve catalyst

composition, to form a regenerated molecular sieve catalyst composition.



various nol ecul ar sieve catal ysts. During conversion,
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irectly to the reaction zone, or indirectly, by pre-contacting with the feedstock, or

contacting with fresh molecular sieve catalyst composition, or contacting with a
regenerated molecular sieve catalyst composition or a cooled regenerated
molecular sieve catalyst composition described below.

[0134] The burning of coke is an exothermic reaction, and in an
embodiment, the temperature within the regeneration system is controlled by
various techniques in the art including feeding a cooled gas to the regenerator
vessel, operated either in a batch, continuous, or semi-continuous mode, or a

combination thereof. A preferred technique involves withdrawing the regenerated



nol e percent based on the total volunme of the gas.
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opedinelicelat sieve tegeﬁerﬁad ﬁi@lecﬁhﬂ kieneicatalystaomposition is
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f_ﬁt'@n@d foethe resehion ém@ isecsly\es éndigeetyirox di nogtiamet the regenerated
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cwoloe dystageaseaicatribdd i Uet Matent Apphaation SeeihliNo. 09/785,122
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@y@ alternatively, (see U S. Patent
catio I vals '
i“’%’ﬂt. A R R R R S
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%b&%gmﬁcﬁ{ %itﬁ&#awﬁ%%? ﬁletr'e;gé?lefa%on system, preferably from the catalyst

cooler, is combined with a fresh molecular sieve catalyst composition and/or

recirculated molecular sieve catalyst composition and/or feedstock, and returned
to the reactor apparatus. In another embodiment, the regenerated molecular sieve
catalyst composition withdrawn from the regeneration system is returned to the
reaction zone, optionally after passing through a catalyst cooler. In one

embodiment, a carrier, such as an inert gas, feedstock vapor, steam or the like,



returned to the reaction zone, directly or indirectly,
or a portion of the regenerated nolecular sieve
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and/ or feedstock, and returned to the reactor
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P n one enbodinent, a carrier, such as an
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Arechy e procicn P <ED VR U NI (SO TeBgHlene
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Iﬁm ery syaligiSrecGRME E@tdris €RAN TbrsecdRENG prodoirinadély a
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Patent No. 5 904,880, U S Patent No. 5,927,063, and U.S. Patent No. 6,121,504,
U.S. Patent No. 6,121,503, and U.S. Patent No. 6,293,098.

[0141] Generally accompanying most recovery systems is the production,
generation or accumulation of additional products, by-products and/or
contaminants along with the preferred prime products. The preferred prime
products, the light olefins, such as ethylene and propylene, are typically purified
for use in derivative manufacturing processes such as polymerization processes.
Therefore, in the most preferred embodiment of the recovery system, the recovery

system also includes a purification system. For example, the light olefin(s)



[0139] Non-limting exanples of these towers, columms,

splitters or trains wused alone or in conbination
w0 pwkitk39Dne or nore of a denethanizer, preferBdi/ySmo3/017365

hi gh tenperature denethani 38r, a deet hani zer, a

depropani zer, preferably a wet depropanizer, a wash
tower often referred to as a caustic wash tower and/or

mrodueet plmwelarly axbs MDemsoceasiaemphssed throegiba pmefication system

tgth yl ene (C2) jtter, propylene (C3) splitter,
't‘:‘tréW@V?SéQ)?" 1§‘fﬂ1§ inhé/rpméﬁas ©h eont@m@an{somm Vari ous

very [o ]

BFEA RS MRl SREREH SRR aeh e,
@ﬁl@ﬁéﬂlgrﬁﬁlar 2618 BSudal Witer, ALEOBSIE, U E§ ﬁélldb%ﬂldréﬂ

at ent 5,960, 643, U.S. Pat ent 019, 143,
G568, sulfir BoropRIE EuChﬁSlydme@mﬂfElemb@M sulfides and
Pat ent No. 6069d28 U S. Patent No..5, 904, gTO ils
IBERCARAngmmOngp ARG SERCT e cemnoupds, prsgs; POSPHIPC

AR
%}h%sepggs [ccB)l%t ’“lmfhai!(’;e%nloeI % ?fﬁa‘gh?%%*ﬁ?é‘ﬁy?ﬁ% trsr%g{?d lrledég(\;/aé}rxi/ns
syh e asetylsnd, hethyl actugleha rp,ropageame;laitachenecandamc}uwul ation
of addi tional products, by-products and/or

Wil nanP@earesmgerwsmemh@ab @@@@aﬁﬁa‘qwmﬁ%uf@fs
h
il Bl SR dEor HERRNE e acslibed R ROBIIES  SHE]

Eﬁ@cldpedzardjm&mwal mub@gp Wrh Bt o9 VeRGRY), Jubh Wity &
g@ ynerization processes. Therefore, in the nost
33

£9%6: pagasB4Ri2ik and §94-8A8. Pubcasiop ssyyemepte alypedescribed

PeStnird SRR NGRS AR TR L b0 bR B sRA Y.

Pﬂﬁt%&&ﬁ&ﬂﬂ@@@%@%@r@l@@Cﬁ%b@ﬂﬁ@ ixpgbarly in a MIO

process are passed through a purification system that
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Kiertereoddin o s potestRh s Al he Bt arses aid
’t’t\ﬁhﬁﬁmlz%ltﬁe??x%h&hoﬁ%‘f%%ﬂe{decetﬁ&iedﬁro gﬁéﬂ GhEC+ ﬁﬁté?ﬁ[& The
oxid ur conpounds such a$ hydrdgen Sul'fid
p@sdio inenton fianhésnsthel avemg@aqidedomimguﬁhm cata]asdncatrhge
ni trogen conpoynds, .arsin hos h|ne and hl ori des.
BRHERAI SeISFHVR ?ﬁpgownaﬁ/etgylsp TPRYERR é%@dﬁl&ﬁj@ﬁ based
R e e S L R i
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for exanple for the purification of olefin(s), .are
measured by withdyaing fegm kg conversion process the molecular sieve

catalyst composition at a point in the process and determining its carbon content.

It is recognized that the molecular sieve catalyst composition in the reaction zone
is made up of a mixture of regenerated catalyst and catalyst that has varying levels
of carbonaceous deposits. The measured coke level of carbonaceous deposits thus
represents an average of the levels of individual catalyst particles.

[0146] U.S. Patent No. 6,023,005, teaches the desirability of providing
carbonaceous deposits, or coke levels, for oxygenates to olefins conversion

processes, in the range of 2 wt.% to about 30 wt.% based on the total reaction
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[9ug¢dri or In order to determine the carbon atoms per acid site of the

molecular sieve component of the catalyst it is first necessary to determine the
acid site density of the molecular sieve by a suitable analytic method, e.g., by
NMR, and then determine the coke content of the catalyst by conventional
methods, e.g., by burning off coke to form oxides of carbon which are measured

by a suitable analytic method, e.g., IR.
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average coke | oading on the nolecular
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[0152] Because the catalyst must be regenerated frequently, the reactor

apparatus should allow easy removal of a portion of the catalyst to a regenerator,
where the catalyst is subjected to a regeneration medium, preferably a gas
comprising oxygen, most preferably air, to burn off coke from the catalyst, which
restores the catalyst activity. The conditions of temperature, oxygen partial
pressure, and residence time in the regenerator should be selected to achieve an
avefage coke loading on regenerated catalyst, in various embodiments, of no

greater than 10 carbon atoms per acid site, or no greater than 9 carbon atoms per
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system to the reactor system, and regenerator to reactor. Techniques for
controlling the flow of a molecular sieve catalyst composition are described in
Michael Louge, Experimental Techniques, Circulating Fluidized Beds, Grace,
Avidan and Knowlton, eds., Blackie, 1997 (336-337).

[0155] In one embodiment of the present invention, if the reactor is a high
velocity fluidized bed reactor (referred to herein as a riser reactor), above about 2

meters per second gas superficial velocity, then a portion of the catalyst exiting
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2 and no greater than 8 cdtbon atons per acid site.
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and/or steam may be used to dilute the methanol, lift the catalyst streams in line
28, provide fluidization to the catalyst stream in line 22 and keep pressure
instrument lines clear of catalyst. This inert gas and/or steam mixes with the
methanol and catalyst in the riser reactor 14. 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
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or a combination of these methods.

[0161] The regenerated catalyst is sent via line 28 to the reactor 14, where
it mixes with the recirculated coked catalyst from line 22 and the methanol feed
from line 12. The regenerated catalyst in line 28 may be lifted to the reactor 14 by
means of an inert gas, steam, or methanol vapor introduced via a lift gas line (not

shown). The process should repeat itself in a continuous or semi-continuous
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invention.

EXAMPLE 1

[0165] Two different samples with slightly different acid densities were
used. Catalyst One contained a molecular sieve which was an intergrowth of
SAPO-34 and SAPO/ALPO-18 and had an acid density of 0.13 mmoles H/g
formulated catalyst. Catalyst Two, containing a nearly pure SAPO-34, had a
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Measurements done in quadruplicate on similar systems gave a standard deviation

of <4% for this methodology.

Average Coke Loading Measurement

[0168] Coke level was measured with a LECO analyzer, Model C-200.
The analyzer essentially burns the carbonaceous species and analyzes the off gas.
By dividing the amount of carbon observed in the off gas by the weight of the
sample analyzed, the carbon loading on the catalyst as a percentage is determined.

Any other chemicals (e.g., hydrogen) not observed with the LECO analyzer were
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determined as: C atoms/51te = (coke level g/ g])/(molecular weight [g/mol])/(acid

density [moles/g]). The number of carbon atoms per site was an average across all
the particles in the sample.

[0171] Methanol to olefin experiments were conducted in a fluidized bed
reactor as set out in Figure 1 where distilled methanol was reacted with formulated
SAPO-34 catalyst. Methanol, fed mostly as a vapor, contacted the catalyst
cocurrently at the bottom of the reactor. The energy of the gas due to its velocity
carried the catalyst out of the riser and into a cyclone train. The gas was separated

from the catalyst in the cyclones. At the solids discharge from the cyclone, most of
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[01721 The experinments were conducted at constant
pressure, tenperature,

TABLE 1
Units Test 1 Test 2 Test 3 Test 4
Catalyst - 1 1 1 2
Carbon on wt.% 7.98 5.15 3.94 4.86
formulated
catalyst
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is set out]acisiiable 1 bel ow. TABLE 1 Uniits Test 1 Test

Z1Pest 3 Teetyd Catpdgst -- 12071 2 Cadbion on W 1.%
7.98 5 15 3. 94 4 86 | formul ated ratalvqt
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; at-atyst—A St+te—mn 7 13
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W0 20. 0 131 %, 9.9 133> Sl €ve g bon peR;G at ons| agod
10.5 6.8 5|2 2.1

C3o wt.% 1.5 1.1 14 3.6
C4s wt.% 11.5 12.1 12.9 114
C5+ wt.% 6.7 6.2 7.9 5.8
Coke wt.% 8.1 4.8 33 5.9
C2=+C3= wt.% 66.9 72.2 72.3 71.3

* Conversion was calculated by formula: Conv. = 100 - (14/32) x (wt.% MeOH) —
(30/46) x (wt.% DME)
**Selectivities were calculated on a dry (water-free) basis

[0173] The data of Table 1 are set out in Figures 2 to 5.

[0174] Figure 2 depicts prime olefin selectivity versus carbon on the
catalyst. Figure 2 shows that no consistent trend is apparent for prime olefin
selectivity at different coke levels measured on the basis of formulated catalyst.
[0175] Figure 3 depicts prime olefin selectivity versus carbon on the
molecular sieve. Figure 3 also shows that no consistent trend is apparent in prime

olefin selectivity at different coke levels measured on the basis of molecular sieve.
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meAds de therpreseptayention without departing from the spirit and scope of the

present invention.



[0177] Figure 5 depicts prine olefin selectivity,
nmet hane sel ectivity and propane selectivity versus
W@ 200b018392 ons per acid site and shows a wel | - dedT/n82003/017365

maxi mum | i ght olefin select)vity as a function of
average coke |oading. One skilled in the art relying
sol ely upon coke | evel of the catalyst clearly would
EfAdMs @ significant disadvantage in deriving ranges

ﬂﬁLﬁpefation whi ch provide maxinumlevels of prine
olefin selectivity in oxygenate to ol efin conversion.
£017g}‘ Persons of ordinary skill in the art will
.ecoghipresessifer making arplefin pradushiEoma) oxzgeRiseoNtyNINge
presept .inyention.w thout departing fromthe spirit

and sEEIROSCOPRESIE esent i nvention. WO 2004/ 018392
PCT/ USZ2R88R68He’ B8 Fee RO cfelith Mactidn zéhePkidle E&8lybtQfartidiéd Ng
an ol éfin product from an oxygenat e-contai ni ng

f eedstoniisogrmokicnigr sizye conttiautg asyl silge andbaldng ek ayeiage
reactiQn zone with catal yst particles conprisi .

ol ectAkElowing o noFEah I LAGAEPORFHES RERGORAE ) il
aver agQie Gk Getd ﬁﬂﬂé}g:oﬂﬁitfégs f@nﬁfv@ o EQRRrtkRe FRUKOEK into an
atons per acid Site of sal nol ecul ar si eve, under
condi blefin proeiutextichmearidato poowiés tnrepmefapetisttagk partictesan

ol efin product streamand to provi%e %nregen?ra ed .
cat al Yriemexingiapestion pi s3id wpreeersraed ety gpagiclesfrem said
unr egener at ed I . i d ' i-Qn :
Lo OB SRl A B A SR L e
medi UgeRbraion RHe RAd&t dodditibas effedierto oot fepetsated catalyst
effective to obtain regenerated catal yst particles

whi chpirtivies whichave ge arerrge Fdwdpatinge! noggatenthan 1P cagpon

10 carpon atons. per acid,site of said nol ecul ar

si evg?togﬁ@erc?(’lgﬁ]lt‘?géﬁ?&?ﬂ’é’.l%gfaﬂ FEY 4 at ed catal yst
parti ¢} oty $Ad fbobR@ied RBtaBR0Fartifles MO Ydideeadtion zone to
catal yst m xture of unregenerated catal yst particles
and peyakeratayst caktirg of upagenevitesscatalyst partighas and

cat al JeEnGER GREBFHPEHOR IO AL PR AP PG o)
car bo?\é%é%gﬁ%g? ?(g:a]dﬁﬁi h $id Sat8ifysSRLG AW ﬁ?h&h@ﬁntsrhlggiﬁg frém 1

The p arm 1, wheréin the average cok
| oadi ng1®Earbdreatons peysdid site of said molecular sieve.

-

2. The process of claim 1, wherein the average coke loading of the catalyst
particles used in step a) ranges from 1 to 10 carbon atoms per acid site of

said molecular sieve.

3. The process of any of the preceding claims, which further comprises the

step of d) repeating steps a)-c).

4. The process of any of the preceding claims wherein the number of carbon
atoms per acid site is measured using acid site density as determined by

NMR.



particles used in step a) ranges from1 to 10 carbon

atons per acid site of said nolecular sieve. 3. The
wee@sessInf any of the preceding clains, whi chPdT/DS19€3/017365

conprises the step of d) BSepeating steps a)-c). 4.

The process of any of the preceding clains wherein the

nunber of carbon atons per acid site is neasured

using acid site density as determ ned by NVR WO
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any ofTh¢ precgrsext edy of thel préaedingedaimis wheadinl said pypgenate

conpri ses nethanol, 6. The process of any of the

pr ec etRTARYISEF At erein said average content of

carbon on the catalyst mixture of step c) ranges from

2to 9, preferably from4 to 7, carbon atons per acid

6i t & Uhe pidiceksraTlagg of te meding claim§ vehepsin ssid sivedagaconteardt of

t he precedi n& clal ms wherein said regenerated

cat al garborpen thecdataly #h avistushobsen @ganges on & 4e1 P nifefrably
| east .1 t han, 10 car : i d
st e, T i SpdioB Aty ph iR 98 f BT RBLRIRER, BT

wherei n said regenerated catalyst particles have an
average coke |l oading of no greater than 5 carbon

at ons Theprogesscofsiny of thermpeeadaiy ojaink wherejn ssid eegenirated?

car bon at ons r acid site. 9. .Th rocess of any of
Che. pPuduth mtarshire mavenes sokedpiagobtionn { and ny gféater
cir Cuk}%}lilﬁgbafcpo‘xﬁia‘?orp?perra%ﬁ? iQr. 10. The process of any

of the precedi ng clafns, Ich is carried out in a
circulating fluid bed reactor with conti nuous

regeneration. 11. The process of any of clains 9 or. 10
®her eilhe BEacEssoia@y |ogth~;§eqqdmgoc ¥Hpg Whegejp sgid regenerated

vor ooy sk o deciild B UREhG pEhSLrefRE thap 5 carbon
wher eafonssgied acidritagirefReablys oL@y grester thah 2 datboa atérBeper ada
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site.

9. The process of any of the preceding claims which is carried out in a

circulating fluid bed reactor.

10.  The process of any of the preceding claims, which is carried out in a

circulating fluid bed reactor with continuous regeneration.

11.  The process of any of claims 9 or 10 wherein said circulating fluid bed

reactor is operated at at least 0.2 m/sec superficial gas velocity.

12.  The process of any of claims 9 to 11 wherein said contacting is carried out

in a riser.



13. The process of any of clains 9 to 12 wherein said
circulating fluid bed reactor is operated at a

w0 e@d®183ek conversion between 50% and 99%  pred¢EUSIINS017365
at a feedstock conversion B2tween 75% and 95% . 14.
The process of any of the preceding clainms wherein at
| east a portion of said catalyst mxture exits said
ngact THE pARBS FMkly o clafths!0 R (vhefed shid ERAMAIRRNHABE]
wi t hout regeneration. 15. The process of any of the
pr ecethanyr ¢ epenatediter fedstecki apnmensivabetweeni Ve anh2¥oa
framewor k-type selected fromthe gro consj.sting of
AET, Epeferableba ToerRjocls panvorian Qﬁv@@n Bk an@é%cm
CH , DAC, DDR, EDI, ERI, GOO KFI, LEV, LOV, LTA,
MON, PAU, PH, RHO ROG THO  and substituted forns
tther eThe pideessldfeany rof dessrecddimprylaials witeeiprae kasti ayprtion of
cl ai ns, wherein said nolecular sieve is selected from
t he gf#ifsatebiysmixtiregxs said peaction zeneand3a retgapdio said
SAPG- 18, .SAPO- 34.. i nt erar fornms thereof and net al
subst ﬁaﬁ’%%n?%l}eﬁgithq%é?%g?r_ %’f’('in]_ The process of any of

the preceding clainms wherein said nol ecular sieve is
SAPO-34. 18. The process of any of the preceding )
dbai ndhe phavesd of anyef the precdding daigsewhdreis saidgholeodar sieve

alumnumratio i.n the ran of fromO.65 to O

o o oL fime SR iPs Salbeied Tgmhe eRpmEoRnstits SRARL AFT,
from Qp32 APNO0aA$P, AgRd AWRSBIR! €S, @iti A, &fiL I AM BpR2EDL,
to 0.15.7°19. 'The procéss of any of clainms 1 to 15,

wher e ERIs@OD, K IeLBVal. O3, &4\, hDaONa P AT, #FHYWRHIO, R(pe, THO,
selected fromthe group consisting of MFI, MEL, MIW
EUO, W’r,sutrﬁlﬁtylted:%ﬁﬂsmf@,ofAEL, TON, and substitut ed
fornms thereof. WO 2004/018392 PCT/ US2003/017365 53
20. An ol efin product obtainable by the process of any

ab. cl gheprdeeboofldhy of the procedirgf dlain; oditein saibindidealat sieve
by a catal ytic process for the conversion_ of _nethanol

to ol &F selectedsfiomdmeranp corpiting oL 1feprbRO-3 SAPO-17,
et hyl I f 4 0.1

o Y S, S EOEH BB Pl et bty o
| east tifegedr W. % based on the total weight of carbon

pr oduct

17.  The process of any of the preceding claims wherein said molecular sieve

is SAPO-34.

18.  The process of any of the preceding claims, wherein the molecular sieve
has a silicon to aluminum ratio in the range of from 0.65 to 0.10,
preferably of from 0.40 to 0.10, more preferably of from 0.32 to 0.10, and
most preferably of from 0.32 to 0.15.

19.  The process of any of claims 1 to 15, wherein said molecular sieve has a
framework-type selected from the group consisting of MFI, MEL, MTW,
EUO, MTT, HEU, FER, AFO, AEL, TON, and substituted forms thereof.



produced by the process, including coke. 22. An olefin
product, obtainable by a catalytic process for the
weowetsion of nethanol to ol efins, and cont aP@i/nsR0a3/017365
wei ght of nethane of no gréater than 4.0 wt. %
preferably of no greater than 3.0 wt. % nore
preferably of no greater than 2.0 wt. % based on the
total weight of carbon product produced by the
process, including coke. 23. An olefin product,
abt ai pahdlefibproauctadtadinsble bptheqessest of anhef damselr toilén
of nethanol to olefins, and containing a wei ght of
propane of no greater than 4.0 wt. % preferably of

greater-th , 1.2 d r.ahl .
aTea: o G PEye Botaoleoy BE MR Hr Bk cBfferson of
c ark b o RV ES 0lBfif] HRE Borti¥ininBe dniREEweightdldhylgne and
coke.

propylene of at least 67.0 wt.%, preferably at least 70.0 wt.%, more
preferably at least 72.0 wt. %, based on the total weight of carbon product

produced by the process, including coke.

22.  An olefin product, obtainable by a catalytic process for the conversion of
methanol to olefins, and containing a weight of methane of no greater than
4.0 wt. %, preferably of no greater than 3.0 wt. %, more preferably of no
greater than 2.0 wt. %, based on the total weight of carbon product

produced by the process, including coke.

23.  An olefin product, obtainable by a catalytic process for the conversion of
methanol to olefins, and containing a weight of propane of no greater than
4.0 wt. %, preferably of no greater than 3.0 wt. %, more preferably of no
greater than 2.0 wt. %, based on the total weight of carbon product

produced by the process, including coke.



