WO 02/ 05950 PCT/ US01/ 20676 1 SYNTHESI S OF MOLECULAR SI EVE CATALYSTS Field
of the Invention This invention relates to nolecul ar sieve catal ysts that
contain a¥op/039sm 5 particles. In particular, the inventPOWUSE/20676

nol ecul ar sieve catalysts that contain _attrition particles recycled froma
cat al yst manufacture process or froma b eaction system and virgin

nol ecul ar sieve., Background of the Invention 10 A nol ecular sieve is
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to a class of materials known as zeolites, or crystalline

al um nophosphat es derived from m xtures containing an organi c am ne or

guat er nary driekdaf the Loyentiony crystalline silicoal um nophosphates which are

15 made by hydr ot |, I : Clyl onpri sing

reactive sour cesﬂ% Hﬁg?gi%éiag&%s&?n%ﬁg%%ﬂ#%ﬁ@s%ﬁ% gs. {Hl\/gpoecuﬁ%#ﬁ{g?rgves have a
vari ety of usmetcles. Theyrticalar,the itsrentidnois ¢y yn(gasm savd chﬂal}astsd&at domtaisel ecti ve

mol ecul ar separation.  based o SI ze roperties;

i on- exchangeit§ition pagicles rocicled; “&F‘aétﬂg’ﬁb‘% @de?rsdqr%‘:&% om & reaction

di sproporti hOfhd \AideY hdldoQRr sige@mer i zat i on, oxi dati on and 20 conversi on
of oxygenate$ to hydrocar bons, particularly aI cohol and di -al kyl ether to

ol efins; as chem cal carriers; in gas chromatography; and in the petrol eum
i ndustry to renove nor nal paraffi ns fromdistillates. Ml ecular sieves are

manuf act ur edBdekeronad of thg Iaventiohur e of several chem cal conponents. One of

the conmpaonents used in the, reaction process is a 25 tenpl ate hough nore
than one% enpl at & &He r&@ﬂéfalsa%rwﬁﬁmawgr%ﬁéﬁu%@ pOF%frffﬁaeetﬁ?%nm s or

tunnel |ike &Mﬁhé’ﬁlﬁﬁuﬁ@shr‘c‘ﬁtec%énﬁ@al%ﬁbﬁﬁ%%‘la%%n&%l&%ﬁf&ra% within the
conposi tion. en the tenplaté i's re pen m croporous structure
is left behibwlong;mgmmiasstmématqialsdmmmastzminss,oanryettaﬂme as long as the
chem cal 05|t| re soal to f.it inside the
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15  made by hydrothermal crystallization from a reaction mixture comprising reactive

sources of silica, alumina and phosphate. Molecular sieves have a variety of uses.
They can be used to dry gases and liquids; for selective molecular separation
based on size and polar properties; as ion-exchangers; as catalysts in cracking,
hydrocracking, disproportionation, alkylation, isomerization, oxidation, and

20  conversion of oxygenates to hydrocarbons, particularly alcohol and di-alkyl ether
to olefins; as chemical carriers; in gas chromatography; and in the petroleum
indﬁstry to remove normal paraffins from distillates.

Molecular sieves are manufactured by reacting a mixture of several

chemical. components. One of the components used in the reaction process is a

25  template, although more than one template can be used. The templates are used to
form channels or tunnel like structures (also called a microporous structure)
wi;chin the composition. When the template is removed, an open microporous
structure is left behind in which chemical compositions can enter, as long as the
chemical compositions are small enough to be able to fit inside the tunnels. Thus

30 amolecular sieve acts to sieve or screen out large molecules from entering a

molecular pore structure.



2 Mol ecul ar sieves are particularly desirable for use as catal ytic agents.
The nol ecul ar sieves that act as catal ysts have catalytic sites within
their m ovopwo®ss structures. Once the tenplate i s renovRdl/USOIEIETS cal
feedstock that is small enough to ent e;é; into the tunnels can cone into
contact with a catalytic site, react to“5 forma product, and the product
can | eave the nol ecul ar sieve through any nunber of the tunnels or pores
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many cat al ytin6letiihesieies thas henvgatalietstiave sahlytic sifesonithir fieiithicsa@reuscat al yti c
reaction systens, nolecular 10 sieves are_generally conpaosited with other
catal ytic orstiugByes. {dncgdhgieapiats sdemayed, @ ghpmpisahiesdsiorkstaatis sall shed
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Pat ent No. 4, Inis catalyst particles aré generally
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to physi cal sf;téesses 15 encou tereﬂ?dur'uré?ht he nuf actyre of the finished
i
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a reaction syshgiihelithRnA@MREe,s8RARs B@icaﬁ?)‘aﬁi—g_@%lo!rﬂa%ﬁﬁ‘d 2¢onm or break
apart (i.e., atfrit) the catalyst particle until it is too small to

ef ficiently angstpnsimemfny cataydemolfelansicydst t ed particle is then di scarded

as waste fromt stem.in which .t iis used. 20 In the mapufacture of
fini shed cat al ys?ﬁ%g%lﬁeﬁpég FO?’HEF%&I;?&@}@ﬁ?tég%ﬁéeacgf’%@@i%ﬁs’ 6150:3?(311? ‘es that are
too | arge f ofieved BEetbnemnlly ¢s@pbiited WiBPSthérQAtS e dhert Stfucha¥ affBttthg t hr ough

m soperation of equi pnent or transient operations at the beginning or end

of one cycl ecasfposchate Preiushedcatelstipartielas. i Pughdaygetches ae descabed forc| unps or
sheets of th&aﬁ{' ?yﬁjﬂ%%@f)ﬁiotf4§@§?fi al may formon the walls or 25
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fl oors of equi pl%a unps ’ar’ée en discarded as a loss in the
catal yst manuf acAlthiougt fprished satalyShearticlscar gemgaldyf hadéathystheat tri ti on

particles or oversized catalyst clunps is problepatic froman economc
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use of the finished catalyst particles in a reaction system. This damage tends to
physically wear down or break apart (i.e., attrit) the catalyst particle until it is too
small to efficiently recapture for reuse. The attritted particle is then discarded as
waste from the system in which it is used.

20 In the manufacture of finished catalyst particles, there may also be
produced particles that are too large for subsequent use in a reaction system. For
example, through misoperation of equipment or transient operations at the
beginning or end of one cycle of a batch catalyst manufacturing operation, large
clumps or sheets of the sieve or composite material may form on the walls or

25  floors of equipment. The clumps are then discarded as a loss in the catalyst
manufacturing process.

The discarding of catalyst attrition particles or oversized catalyst clumps is
problematic from an economic standpoint. Therefore, methods for effectively
recovering and reusing these attrition particles and clumps are highly desired.

30



3 Summary of the Invention In order to limt |osses of nolecul ar
sieve-containing attrition particles and/or clunps during manufacture or
during udeQ 0268980 | nventi on provi des a catal yst conpositiParARIICcONPri ses
nol ecul ar sieve-containing attrition pagticles; 5 virgin nolecul ar sieve;
and binder. The virgin nolecular sieve tan include dried attrition
particles and/or catalyst clunps. The nol ecul ar sieve-containing attrition

particles c ui ne qu(% é/i' Q)gliltno nol ecul ar sieve and bi nder or cal cined
nmol ecul ar gé%%‘@ﬂ%‘ﬂ?‘y&“p‘é’& i cles which contain nol ecul ar sieve and
bi nder. | n anot helh eddradlifiiossel BEmole¢elat siove-tentdifing ateitivdchasiclegsaki ng a 10

nol ecul ar sieve catal yst. conposition which conpr.ises m xing together
mol ecul ar  s#eQE-chBmsHusing gnapufaciure ghdwing ysey this inygniign Rroades &yt eve

conponent s 8, il &Fich! Ot XE Hofechifir %i}'%%‘-cél{é}éig gl &uﬁtﬁ{nt arfifedy0! ecul ar

sieve catal yst “ conposition.” I'n yet another e i‘ment, e invention is to
a net hod Sof viegin nplezip swese; ahB bindem Hime vixgig ernddonlad seds tac knclidesdrivdt hod

conprises providing a. cat st. . conpositjon that contains. attrjtij.on
particles, VYR Rusandl spialygt © HS-Eﬁhﬁ&é‘?wﬁf’éﬁwvwﬂletamaqaﬁ{lm cat al yst
conposi ti on W {ifleOXNHIRBRIIE virin| A6 AR Q4vRfdnl bR alcidetemblR¥eRE | on al so

includes a nmethod of recycling nolecular sieve- containing attrition
particl es t osi¢vsraatadyst pardicles whichomoptagi moteeulaTsievenstdinnde20 conpri ses

recovering the ecul,ar sjeye-containing attrition rticles froma
cal ci ner process 1 r‘?inf){,heﬁ?'}?i’?fﬁmﬁ{lt_’ ﬂ§d§¥en38 YR IP%@%Q/EE@B Pecul ar si eve-
cont ai Ni g ambletiilhPdleRAatdlFdt 86mpbditonVwhidh Bofip e thikingStb£3BerGROBANANt S;  and

conpositing the mxture to forma catalyst conposition. Desirably, the
nol ecul ar  si BME-COBIRIRING | Atigitian Pefticlesnvipein modscalor Bigve cempaneatsaalyt i ¢ activity

that is at |gash 23048LuIIS Gal ML Sk iduedl: O chgripsponding  virgin
nol ecul ar-si eve containing particles. I's al'so desirabl’e that the

catal yst cosgagsisitioan have an average particle dianmeter which ranges from
40 .tmto 150 m_and the nol ecul arﬁai eve-cont ai ns ttritiagqril pcﬁrgﬁicles

whi ch have an aveliageanqibarembodingnbiae Byverffon 184 fie g Ml er age
Poct ) 8 ek bl Sabalos st o e i S8R0 o000 0
Wt . % coke. composition that contains attrition particles, virgin molecular sieve, and binder;
and contacting the catalyst composition with oxygenate to form an olefin product.
The invention also includes a method of recycling molecular sieve-
containing attrition particles to form a catalyﬁc composition. The method
20  comprises recovering the molecular sieve-containing attrition particles from a
calciner process unit; mixing at least 40% the recovered molecular sieve-
containing attrition particles with virgin molecular sieve components; and
compositing the mixture to form a catalyst composition.
Desirably, the molecular sieve-containing attrition particles have a
25  catalytic activity that is at least 25% of the catalytic activity of the corresponding
virgin molecular-sieve containing particles. It is also desirable that the catalyst
composition have an average particle diameter which ranges from 40 um to 150
pm, and the molecular sieve-contains attrition particles which have an average
particle diameter of less than 20% of the average particle diameter of the catalyst
30  composition. In a desired embodiment, the molecular sieve-containing attrition

particles comprise less than 20 wt.% coke.



WO 02/ 05950 PCT/ US01/ 20676 4 In another desired enbodi nent of the

i nvention, the nolecular sieve of the nolecular sieve-containing attrition
particl ewds2ewbected fromthe group consisting of SAPO BCT/BMRQ0876

SAPC 11, SAPO 16, SAPO 17, SAPO 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35,
SAPO- 36, SAPO- 37, SAPO 40, SAPO-41, 5 PO 42, SAPO 44, SAPO 47, SAPO 56,
the nmetal containing forns thereof, and m xtures thereof. Mre preferably

t he nol ecul ar si e. nol . ' . nt aisni i-ti0 rticles
o sel ect ed 1 r om PRECEbAS R EPRenTh el Rl SR B
SAPG- 35, SARgbKéulatdicheSAGdiAE diliion paeicks addefecmiFEdm I @0ty EMRtid4,
including the netal containing forns thereof, and m xtures 10 thereof. The

nol ecul ar si AEQrS; RAPROS 118$%P/@=1éoﬁf\8pn1%§%'ﬂ&t$%0%rti cles and

the virgin ulia e haw &S f i Shtion or they
can have di ;?égglr?tl’ ?égtr?e\;%rg cor@rg’o%?d%(??gésﬂfg %ﬁgl ti o%?’csfﬁge@?%t al yst can
further 5conpAPQei2eSARD4H, TARE-13) SARD-S6! thd niatd oohtasing foums densifst | ng of
alum num iron, . 15 cobalt,. vanadj u ickel, ;silico and cqnbi.nati ons
Fhorbor ™ ThetmfierRarer T BakIRy PastemS s SR nd S et

CONposi tion dehiaiGRAAGHBH phticls iNQIQXIRRA R §flcodslsBhebRBAYO-1e catal yst
conposition is contacted with the oxygenate at ‘a tenperature of from 200C

to 700C, a weARMt18, RARONIA, SAdEe 363 R0t afd $ARR4T; mostipreferab@BARO-1; and a
f Pa. 20 t MPa., The. ol ef i duct .ef bl
Conpri Sas et HRBAPQRanEbbPe et s fndieToir ReREbRa BERUAD0Y 1 ot on

of the Drpawi thgsoffhe present invention will be better understood by
reference to the 25 Detailed Description of the Invention when taken

t oget her with thelharmelepdar sieveanitigy@olegplar Beye-confaining atiibing partiglaser al
recovery sc : L | i + Fig. 2
shows a geng‘ir?{aaﬁ hgél.(r:@bélri@&sug e rfcgre t(%? f ialt%‘\fért?% ?@%g@?\?@tﬁ(@?ﬂ}pﬁéﬁ&g% gb(?l/:c at al yst
manuf act ur i ngnfhaoe éifterain dramewedctdmypositions.eRsgdditive, WWe catilydd &hfurther
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comprise erosion material selected from the group consisting of aluminum, iron,
15  cobalt, vanadium, nickel, silicon, and combinations thereof.
The reaction process readily takes place when the catalyst composition is
contacted with the oxygenate feed. Preferably, the catalyst composition is
contacted with the oxygenate at a temperature of from 200°C to 700°C; a weight
hourly space velocity of from 1 hr to 1000 hr''; and a pressure of from 0.5 kPa
20  to 5 MPa. The olefin product preferably comprises ethylene, propylene or a

combination thereof.

Brief Description of the Drawings

The present invention will be better understood by reference to the
25  Detailed Description of the Invention when taken together with the attached
drawings, wherein:
Fig. 1 shows a general recovery scheme of attrition particles from a
reaction process;
Fig. 2 shows a general recovery scheme of attrition particles from a

30 catalyst manufacturing process and a reaction process; and



5 Fig. 3 shows a recovery schene of a desired enbodi nent where the

catal yst reaction systemis an oxygenate to olefins catal ytic process, and
the prooeas2039s0 udes both a reaction unit and a regener aPCOUSUM0676 5

Det ai | ed Description of the Invention T§1i s invention significantly reduces
the 1 oss of nol ecul ar sieve-containing “catalyst as a result of attrition
or clunping. According to this invention, attrition 1is a physical decrease
in catal yst pa_rtlfq%.ea $ichR MBEGRPSHEMS of i Hbdbd bRt é: Yiere BNUf act ure
process or during the use of the catalyst in a reaction process. 10
Attrition pamatalyst smctioresystent Isen oxjgenatbeieioledths catabitipprogsas, and thes  whi ch exi t

t he catal yst manufﬁl%t ure, process or rgacti on groce s. Clunping is the
physi cal agdVegat [ISHidsT POth2EFSHOp Ut Apd & FegeRerplel WLt hat takes place in the
catal yst manufacturing process. Clunps are |larger than desired catal yst
particles which exit or are rejected from the catal yst manufacturing
process. 215 Deipiladdesqeptien of the invieaherf act uri ng process, attrition and

cl unpi ng can ocGyy: 1 . n (L

hys! call y mani pottis Beph SRAAEY ERORENS ARG Bnilhe. oo el
as ot her prapelys: esa reblik of aftritiorcarhaspihg., Acostingitothis iveasagaitdtied verb
forms, refers to a conbi nation of two_or, nore materials that forma solid
unit (e.g., Baphyyeal degreass in galakystpasiedesige which oppyrs dunng the qkyskmnuf act ur e
of a nol ecul i - el rdtl g ing can occur
as the cat allf/}ésr%ﬁ%:cg%rrg g@%%@ﬁ%ﬁgg%oggeZkhfn%%s}(x%}ﬂeﬁkgg@&oﬁbgﬁgbus physi cal
processd$ t Attdion pati¢clecire smialertthan désired batelysitpmtticlesThlniaky lexid therdatalysn nmay
occur at ma;% steps in the catal iqst man acturi.ng[mproc.es , the two,.l argest
cont ri but or SRS PEOFESTRF TEIHORRLGesT . ClaRIPipg g Ehe Rhysical dggrsetien Ofnat i s
25 typicall Yca{%ﬂ‘ﬁ‘t\ﬁa@iéle%téﬂiéd%ﬁat%léég’?_ﬁacé‘Inethfa QAR mﬂi\lfﬁct{lﬂﬂ§ﬁ&b&@. provides a
way to reincorporate attrition particles and ¢lunps into e finished

cat al yst parGlugipeste latggethehdesieedicotatist partieley whidh@xg or Ara nejectedrdral so occur s
in conventi Q[Eeal rleatcti 02 rocesses whi ch use nol ecul ar si eve-contai ni ng
catal ysts. | fl‘ﬁ%%’% rﬁ?'%l% EE PRI ition is typically the 30 result of
relativelsy harsh g 16 eatyed meairsittdignsrob&s Whirtion tahe chipihy/edn 1S exposed
during the overall reaction process. These conditions include extrene

t enper at ur esOca4r aadhe caialyphconmanes agicpmpetitediand phyveallyananipeleted i@ ount er s.
Attrition

provide a catalyst having a desired size as well as other properties. The term
composite, including its associated verb forms, refers to a combination of two or
more materials that form a solid unit (e.g., a particle) in the finished state. Thus,
20  inthe manufacture of a molecular sieve-containing catalyst, attrition and clumping
can occur as the catalyst components are combined and subjected to various
physical processes to form particles in the finished state. Though attrition may
occur at many steps in the catalyst manufacturing process, the two largest
contributors are drying and calcination. As a result of clumping, what is
25  typically known as catalyst clumps are formed. This invention provides a way to
reincorporate attrition particles and clumps into the finished catalyst particles,
thereby reducing catalyst loss.
Attrition also occurs in conventional reaction processes which use
molecular sieve-containing catalysts. In these processes, attrition is typically the
30  result of relatively harsh environmental conditions to which the catalyst is
exposed during the overall reaction process. These conditions include extreme

temperatures as well as mechanical stresses that the catalyst encounters. Attrition



WO 02/ 05950 PCT/ US01/ 20676 6 particles are produced as a result of the
harsh conditions in the reaction process, and this invention provides for
recoveri mgoar039s@ i on particles and reincorporating them Pat/osS@/wateal yst
conposition. The nol ecul ar sieve catal yst conposition of this invention
contains 5 attrition particles; virgin | ecul ar sieve; and virgin binder
material to hold the attrition particles and virgin nol ecul ar sieve

par ticles t %%JT TS EdeIuEQfaspaulrteﬁtsgist e B%rﬁ}té%lﬁdé{i/@éqﬂttﬂeor@actfolﬁ a?l%'s? ctive

virgin" refers component s been Hed.

Convent i onalandithid em&:namd ptdveies faqucovating tastrician pheicles edd rdih@irporadug mary

pur pose bei ng that of orrp05| ting the various catalyst conponents. 10 O her
catal yst co @Hé‘i‘??é‘cé st APRAAhose that act as structural aids, or

fillers —which pray ﬂ@le&l&@é&éecd&a%{st E&thAdsiSdn &fht?fs%\;eﬁﬁbﬁt téntaifisiCh as heat

capacity or added attrition resistance, or surface fying agents which
control $ur famtcmon @aaicjﬁs; virginotdledquiay sieve;, andrvigimbicdsrasatenaldd hgldehe onpound

may act as h a VII’ i nde | et vent, at |east one
VYo by it ppcH g s o E pieauTices Gudfi, Bog femesete
conponent s off thiBisfveh e thd dee&ﬁr@ “DRginC Adfbls RS chlyRIdmpoRehts HRS haw o

non- zeol i tes bei ng desired eneral t he nDIecuIar sieves are

classified d@ebéﬁlﬂglefh @pom;mn@ eeerardltbelhaqmﬁ@elss carpbe eedjtheirenber ed ri ng
structures.  Hss Eh0s. BLLYSHYEES SAN B4R, A ANSAR8: BfhgyBhee,  2noi no

from about e sma hon-zeor 't e mol ecul ar

si eves 20 hayihsgcadlya\enpoeROc iftlade tmbsé thasact bsastn&hﬁultal& angyemsons,
preferably an average pore size r ﬁga romabout 3 to 5 angstrons, nore
preferably f¥ashBroyiden particularrgéalysh isti, ok @s bpat €apagity or%ée@m of

mol ecul ar si gyggn, @éﬁ‘fétﬁ&e %HE%PHQ% £dai 1h€|9%entsc%1‘éﬁ%Bh@@ghg@%&%gﬁé% Blee

al um nosilicate zeol1tes’ having cataly activit
nol ecul ar siaviesy.t haedertaancabes, asmglel dmntﬁoen@mymcm hmthahirginibmmhd)a.

Exanpl es of n@ﬁlch zeolite rra&\grl al s, a crlbed in U.S. Pat, Nos.

3, 660, 274 andfler3 @y geat, ahlsasi ogf V%Kﬁi 8r }tﬁE%}’rlbag?I&tl%EFqHE?‘Eu n by

ref erengg,  Non- | i THid inBlouls*aeR! @huRhe€8l i Sivifionita 88 BaiErmIpyed 1n the
practice of this invention, include both natural and synthetic zeolites.

These zeol i tmshiea,cmﬂmleomecﬂht@seimltg‘ desired. 3@ genenak the mblerylpesievesaraided in t he
"Atlas of Ze%s‘sffeed %gﬁltglfrrn%ll'opoy (sa%aterla S havmgy 8 \% or 12 membered ring
structures. These ring structures can have an average pore size ranging from
about 15 angstroms. Desired are the small pore non-zeolite molecular sieves
20  having an average pore size of less than about 5 angstroms, preferably an average
pore size ranging from about 3 to 5 angstroms, more preferably from 3.5 to 4.2
angstroms. These pore sizes are typical of molecular sieves having 8 membered
rings.
Conventional crystalline aluminosilicate zeolites having catalytic activity
25  are desirable molecular sieves that can be used in the practice of this invention.
| Examples of such zeolite materials are described in U.S. Pat. Nos. 3,660,274 and
3,944,482, both of which are incorporated herein by reference. Non-limiting
examples of zeolites which can be employed in the practice of this invention, .
include both natural and synthetic zeolites. These zeolites include zeolites of the

30  structural types included in the "Atlas of Zeolite Structural Types" edited by W.
M. Meier and D. H. Olson and published by the Structure Commission of the



M Meier and D H O son and published by the Structure Conm ssion of the
WO 02/ 05950 PCT/ US01/ 20676 7 International Zeolite Association in 1987,

t he descw@o2/03950 of which are incorporated herein by refPCBUSE/208m0! it es
typically have silica-to-alumna (Si 2/ A 203) nole ratios of at | east
about 2, and have uniform.pore dianeters fromabout 3 to 15 Angstrons. 5
They al so generally contain al kali netal cations, such as sodi um and/ or

potassi um . aglh oo Ao SRE MolTh Rls7 OGNS IE ARcfRGNes! um and! of

calcium |Inor Herease Caral YEie Re | Vi e zeolite, it
may be desi riabdrpofateddresieds eefeace. al kali metal content of the crystalline
zeolite to less than about 5 w. % preferabﬁﬁ{owzl ess_than about 1 w. %

and nore pref er abSplitesdepiealhrhaye sikicato-glugina AdeOs) 1Rl Tatips odetal cont ent
d h
reduction, a8, §hdt9hd dl‘fhfvE h&i é@gﬁfanli’é?erg %@EEE&&’ 3 I?Q’Al? %&%?tﬁ%lﬁé wi th one

or nore catlons sel ette romt ups I IB rou Peri odi c
Tabl e of 5EI eﬂmﬁaﬁso(geheraﬂgmontdmcall%bhaabdanﬁhgBmitas spdi‘um amhloxtlmtatseinmi nis

gi ven in Handhook, o stry and Ph si cs ublis t he_Chemi cal
Rubber " Publ ARSI ALCHBRASH P e ALt eyt AR AT BEHE ag wel |
as Wi th 15 hyGrQeisHhd &'?a‘-lyﬁU ac‘ﬁ@ﬁy of AL ILEIS, 1@fna9l$@rd@§ifa%19 foQRerea® tﬁe, NH4,
capabl e of conversion to hydrogen cati on upon cal ci nati on. Desired

cations incl d@l maﬁabcoréqﬁplﬁﬁle crystallinggeohitegtadess than dbputr Db Vo amdferdbky ur es

thereof. lo ods, are 3 escri bed,
for exanpl enl %%u{"%t %oand Igonfzfgeéf%ryn%sséha’ﬁgl?ou?@w% ){g—gﬁéékqénd U.S.
Pat. No.iol, %&a&ﬁﬁnentt P@iub@@c b RIGoGh iR thedM, Byt oh@icthyby aeanRer at ed by

ref erence. Exanples of zealites suitable for use in this invention include

| ar ge pore \ﬁ%pm @ismoreecations sstpcted feamn thedaroupndBdhagugh YdHoI ol i tes. A

| arge pore S zeolite
types such a%qw%ﬁﬂwts@%@&w@g%gﬁ %men%éfeg%gitégg’} Hfgs i ncl ude
zeolite L, zgodn indlahdbadodbl ('Cleenﬁﬁtr})(and)]’ﬁys&m p@llslmmmhe BakmicahRublesi t e,

ZSM 3, ZSM 4 UZbilSM 18, and i ore size catalyst generally

ZSM-20. . A. .
has a pore i ?gﬁéorr&agyeﬁﬁam% %P&iﬁﬁg@f@% Bon, 4664 anBekl ap Wt A and
gener al Iy trlﬁld?&ﬁ@m%?sr&rlﬂaﬁé aﬁﬁgz%l ?}ftﬂy@fonﬂgﬁ%ns ﬁt N&:g capz[ﬁﬂ@f)f”abl y about

10, nmenberedring structures an ude M-I EUO, MIT, HEU,
FER, and TONonEsrawpltes hyfirogedtationppoe czleinhfiore Destleddeations include rare
earths, calcium, magnesium, hydrogen and mixtures thereof. Ion-exchange
methods are well known in the art and are described, for example, in U.S. Pat. No.
3,140,249; U.S. Pat. No. 3,142,251 and U.S. Pat. No. 1,423,353, the teachings of
20 which are hereby incorporated by reference.

Examples of zeolites suitable for use in this invention include large pore
zeolites, medium pore zeolites, and small pore zeolites. A large pore zeolite
generally has a pore size of >7 A and includes zeolite types such as MAZ, MEI,
FAU, EMT. Examples of large pore zeolites include zeolite L, zeolite Y, zeolite

25 X, offretite, omega, Beta, mordenite, ZSM-3, ZSM-4, ZSM-18, and ZSM-20. A
medium pore size catalyst generally has a pore size <7 A, preferably from about 5
A to about 6.8 A; and generally the pore apertures consist of about 10 to 12,
preferably about 10, membered ring structures and include MFI, MEL, MTW,
EUO, MTT, HEU, FER, and TON. Examples of medium pore zeolite include

30 ZSM-34, ZSM-38, and ZSM-48. A small pore size zeolite has a pore size from
about 3 A to about 5.0 A. Generally, the pore apertures of the structure consist of

from about 8 to 10, preferably about 8, membered ring structures and include



30 ZSM 34, ZSM 38, and ZSM 48. A snmall pore size zeolite has a pore size
from about 3 Ato about 5.0 A Generally, the pore apertures of the
structur av@enei9se of from about 8 to 10, preferably abourPCBUSem6H®r ed ri ng
structures and include WO 02/ 05950 PCT/US01/ 20676 8 CHA, ERI, KFI, LEV,
and LTA. Exanples of small pore zeoli t i ncl ude ZK-4, ZK-5, zeolite A
zeolite T, gnelinite, chinoptilolite, chabasite and erionite. The zeolites

Croves can arah- BRERAGEEY. AR ERATPRbPLROP Bt PR R RIRIGEEIE ol Cou o

si eves are SIKi5¢gelidTANSgoiosphat@initS AR optildlRe, thabasits kel &%onitdARBe ol ecul ar
si eves general {}% conpri se a_three-di nensional _ m croporous crystal
4]

framewor k stZeQbtes Fan gso caenise sallosilieatesgnd titangsificales-ner  sharing tetrahedr al
units. The way Sini.S.,d i 1 UEe - : rm ned by
205 MAS NV See & aetplical F%Sﬁgtc?%rf B@Sbg%és&hglg%ﬁ%ﬂ%% ?%@%865 (1988) .
The desi ved BAREColhElredaddar siévey e silicohlueriinphiosphatee( SAPQyonelepdaks in the

29Si MAS NWVR, wit hem gal .shift S (Si) in the range of -88 to -96 m
2nd wi'th o CUHEHrSAPRUERCCHISIS RS Erpsrelb st ie o Aror QHBEISHME of the tot Al
peak area %ic%ﬂord\}hﬁ%kﬁta\ﬂfﬁa%e%oﬁbﬁfﬂcﬁ% oBHi0Y], AIG3] dnd Idezt]‘eor'hé’inge of -88

ppmto -115 ppm ere the 8 (Si) chemcal Shlfts refer 1o external
t et r amet hy| sshhringtefravgyal ungs.| The waylEsisriradrpdraled irtte the dtiucbu¢ cani reophosphat e

nol ecul ar si gve _us i 26t iavention.have | atj yel ow Sih/ Al 2 ratio.
I n general, f%eﬁ%eﬁg)ry ﬁﬂélg/% f%fﬂ i%?cmen@nﬁgﬁﬁ?n’ghéﬁéd&mgE{zur ates
sel ecti viot y,390811988Y] Thé Hesdic@SAPO S6lcetlat Mevas will RxBibit 0% o8 @idvad peadkOnVver si on
reaction, particylarly nethanol conversion to olefins. A Si/Al2 ratio of

| ess than 0.18%hq sSIPAS NMRe with & ¢hegigil st (Sakingherange of $ddat¥ prmhan 20

0. 40 being (e ggﬁ | I af 1 {e . i ng
particul arl %%ﬁgégfar% ) 5\@(‘5% érlgﬁ%?%nger?ogglagéégﬁé’r(gﬁthgﬁoqﬁ%%??@gmst
desired. Sidfiatigahkywitio plobapicalt shift®($iY ifl the rarige \wEs8&p@n geridsaphy cl assified
as being m croporouys, materials havin rrRer ed ring

8, 10 12
structures. Wigse 3y C@W%ﬁlﬂﬁ%?fﬁgﬂ ekigtngl %%;H\?g‘ryg%?]é ®EFMSEi ze ranging
from abqut 3. 5- 13 ANASHEPMRE: thé%i%aﬁ@ﬁﬂpggsgh&@m hdr sregé%lse%%ﬁ%i@' ecul ar

si eves having an average pore size 0 t han about angstrons,
pref erabl y anvewienageec pmldivslyZewrSifgh ragiof lo gemdoduthe 18wér the SBA&ratd,r ons,

more prefer atﬁla Yovsl;err %1”61 81'-84 ts"‘.a r%teg sealggtisvtltry?prtfrﬁcﬁgr?}? Sro grgeese?éc%lsﬁy, in an
oxygenate conversion reaction, particularly methanol conversion to olefins. A
Si/Al, ratio of less than 0.65 is desirable, with a Si/Al, ratio of not greater than
20 0.40 being desired, and a Si/Al; ratio of not greater than 0.32 being particularly
desired. A Si/Al, ratio of not greater than 0.20 is most desired.
Silicoaluminophosphate molecular sieves are generally classified as being
microporous materials having 8, 10, or 12 membered ring structures. These ring
structures can have an average pore size ranging from about 3.5-15 angstroms.
25  Desired are the small pore SAPO molecular sieves having an average pore size of
less than about 5 angstroms, preferably an average pore size ranging from about
3.5 to 5 angstroms, more preferably from 3.5 to 4.2 angstroms. These pore sizes
are typical of molecular sieves having 8 membered rings.
In general, silicoaluminophosphate molecular sieves comprise a molecular
30  framework of corner-sharing [SiO;], [AlOz], and [PO,] tetrahedral units. This
type of framework is effective in converting various oxygenates into olefin

products.



are typical of nolecular sieves having 8 nenbered rings. In general,

sili coal um nophosphat e nol ecul ar sieves conprise a nolecular 30 franework
of cornew@hzoing [ Si 2], [AI 2], and [P02] tetrahedral uPCTESOITNGB type
of framework is effective in converting, various oxygenates into olefin
products. WD 02/ 05950 PCT/ US01/ 20676 The [P0O2] tetrahedral units within
the framework structure of the nolecular sieve of this invention can be
provi ded by a varjet it . I 3

phosphor us- cont aiTr%}%r{gogi)tr?%glg%%ﬁ%%ngitg}nutgéﬁgﬁlgg%ﬁ%%%&gg:Sglfhe organic
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phosphor ous-cont ai ni ng conpositions are mxed wth reactive sjilicon and
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t he nol ecul i a i 1L h r amewor k
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al umi nate, #NEUNHELCAIGHBER FPEROS! e GRRTOBHESICAR éO‘&So g theons are
m xed W th rgaetiMsievel | 1 con and phosphorus-contai ni ng conpositions under
the appropriate conditions to formthe nol ecular sieve. 15 The [ S Q2]

t et rahedral uni t sThe [0y tetneheflrad meiowkhigtthe framewordkastrubire pandwe ded by a
variety of conpqsiiions. EX | es.of these siligon-containing. conpositions
'Rel ude i 11097051 b &Rariey OF B uRe i haer R o Bt fRphiideRfpntd

or t hosi ligc at @mpbbigios IncRaB afi@itia Al e BRdSdstal@iHudl opfop®ddeM t h reacti ve
al um num and phosphor us- cont ai ni ng_conposi ti ons under the appropriate 20
condi tions t@umium phespidese alumipums hydrexidg godivr ahsingamod can al so be used
inthis inv i Q. ] or
ot al - cont ai AL or S O EOMRAMINE coRhBira WA RIEE WM RGRe T
ions (G oup sikjon aall pabsphersasohtainirg abmpasitions Gaderghe dppMppridtacendddorish i ons

(Goup I'l'IB, inhcluydin tqe | ant hani de el enents: |anthanum 25 cerium
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15 The [SiO;] tetrahedral units within the framework structure can be

provided by a variety of compositions. Examples of these silicon-containing
compositions include silica sols and silicium alkoxides such as tetra ethyl
orthosilicate. The silicon-containing compositions are mixed with reactive
aluminum and phosphorus-containing compositions under the appropriate
20  conditions to form the molecular sieve.
Substituted SAPOs can also be used in this invention. These compounds
are generally known as MeAPSOs or metal-containing silicoaluminophosphates.
The metal can be alkali metal ions (Group IA), alkaline earth metal ions (Group
ITA), rare earth ions (Group IIIB, including the lanthanide elements: lanthanum,
25  cerium, praseodymium, neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium and lutetium; and scandium or
yttrium) and the additional transition cations of Groups IVB, VB, VIB, VIIB,
VIIIB, and IB.
Preferably, the Me represents atoms such as Zn, Mg, Mn, Co, Ni, Ga, Fe,
30 Ti, Zr, Ge, Sn, and Cr. These atoms can be inserted into the tetrahedral
framework through a [MeO;] tetrahedral unit. The [MeO;] tetrahedral unit carries

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



dysprosium holmum erbium thulium ytterbiumand lutetium and scandium
or yttrium and the additional transition cations of Goups |IVB, VB, VIB,
VIIB, VwoBR/omsd |B. Preferably, the Me represents atonsP€D@RIIZD6HN, M,
Mh, Co, N, Ga, Fe, 30 Ti, Zr, Ce, Sn, 0and Cr. These atoms can be inserted
into the tetrahedral frarrework througﬁl a [MeQ2] tetrahedral unit. The

[ MeQ2] tetrahedral unit carries a net electric charge depending on the
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t he netal conponent as a va ence state of +2 +5, or +6, the net
el ectric chaalepri¢ shapg \sbetweed -Annd +2. Iﬂcnmorqamnwtfrthﬁrmdfal tdmepamentdk conponent

is typically acco i t he taI conponent dur.i n synt hesi s of
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cations into ion-exchange positions at an open surface of the nolecul ar
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SAPo 16, sApagnt Bga e SR r ROl R Mg dend Redfing, 4o,
SAPO- 41, SAPO- 42 Slﬁi%’@sﬂﬁ;oaluhﬁn@fm@}fh?e mGREDab&evds isclndd SAPO@)t ai ni ng f or ns
t hereof, and. m xt ures t her eof ired are SAPO- 17, SAPO- 18, SAPO 34,

SAPO- 35, SAFRQ-8 §ﬁ@’05lxbc§ﬁ41’p 16p%$?@c1J|= SAPY- EnSAPQG0 oSPCABOSARO-
i ncl uding thg 35 YRR @B”@Aﬁ@rﬁSAEDEbeﬁ@%fAP@%‘ﬂco SABOULEAPRRILOT . AS

used herein, ﬁg\terrhmxturels synonynmous Wit ination and is
consi derléd antB@a?ﬂGsSAP@%S@&hmbﬂabcoﬂimnmgdommhaeofrenénﬁj&umsmmmfnt s in

EFum nopho ket i $AFORTE SAEDPY. SAITL RN SR, 3PP Bl SAPR¢re
catal yst cowduﬁargns&ﬁotlm shd SWEOBUOR Ll ThO RRDP SRR S gBhgeul ar sieves

are crystalline m’croporous oxides which can have an Al framewor k. They
can have adlgreprad mexteresthaeati tﬁmused herefny thedour kjxttsegs syrdnymias/e uni f or m

20 di 1 3 10
Bndare capdh Soapra Ag PSR SRR e BN TR L0 e B Coeci e

More thays t V&mpdﬁéxﬂ:@ 1rswryﬁtglﬁ®drﬁms1relgafd@csbeemefr@ﬂsaglbaﬂ@tate ncl uding zeolite
t opol ogi cal anal ogues. = A nore detalled description of the background and
synt hesi s of n aluminophosphate (ALPO) molecular sieve can also be included in the
catalyst composition of this invention. Aluminophosphate molecular sieves are
crystalline microporous oxides which can have an AIPOy framework. They can
have additional elements within the framework, typically have uniform pore
20  dimensions ranging from about 3 angstroms to about 10 angstroms, and are
capable of making size selective separations of molecular species. More than two
dozen structure types have been reported, including zeolite topological analogues.
A more detailed description of the background and synthesis of
aluminophosphates is found in U.S. Pat. No. 4,310,440, which is incorporated
25  herein by reference in its entirety. Desired ALPO structures are ALPO-5, ALPO-
11, ALPO-18, ALPO-3 1,' ALPO-34, ALPO-36, ALPO-37, and ALPO-46.
The ALPOs can also include a metal substituent in its framework.
Preferably, the metal is selected from the group consisting of magnesium,
manganese, zinc, cobalt, and mixtures thereof. These materials preferably exhibit
30  adsorption, ion-exchange and/or catalytic properties similar to aluminosilicate,

aluminophosphate and silica aluminophosphate molecular sieve compositions.



al um nophosphates is found in U S. Pat. No. 4,310,440, which is

i ncorporated 25 herein by reference inits entirety. Desired ALPO
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referred to Ryiliie veRNVOMMAR 85the ¥BRRGste Thd phrfilifsen&ases where the netal
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conposi ti on. alngnmophw;zatzmlvedwﬁbty ‘a rar!d Goarpyesand theppoliedrhctionst dfdhe
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Caenti fy tnemoal O Rrshefls mefitRE SRR R R RREF e
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nunber and is identified, faor exar}p
The metal containing ALPOs are sometlmes referred to by the acronym as

MeAPO. Also in those cases where the metal “Me” in the composition is
magnesium, the acronym MAPO is applied to the composition. Similarly ZAPO,
MnAPO and CoAPO are applied to the compositions which contain zinc,

20  manganese and cobalt respectively. To identify the various structural species
which make up each of the subgeneric classes MAPO, ZAPO, CoAPO and
MnAPO, each species is assigned a number and is identified, for example, as
ZAPO-5, MAPO-11, CoAPO-34 and so forth.

The silicoaluminophosphate molecular sieves are synthesized by

25  hydrothermal crystallization methods generally known in the art. See, for
example, U.S. Pat. Nos. 4,440,871; 4,861,743, 5,096,684, and 5,126,308, the
methods of making of which are fully incorporated herein by reference. A
reaction mixture is formed by mixing together reactive silicon, aluminum and
phosphorus components, along with at least one template. Generally the reaction

30  mixture is sealed and heated, preferably under autogenous pressure, to a 4
temperature of at least 100°C, preferably from 100°C to 250°C, until a crystalline

product is formed. Formation of the crystalline product can take anywhere from



ZAPO- 5, MAPO 11, CoAPO 34 and so forth. The silicoal um nophosphate

nol ecul ar sieves are synthesized by 25 hydrothermal crystallization
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catal ytic 10 activi he te ate 1s renove e Ccrys
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pore system | n.nman endl ng..upon the nature of the final product
formed, the wlgaéﬁquygié@ﬁ @fegé‘ntl aglé PHEYEI Tt ed from the
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contacting th t ainkng sieve in t esence o
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a 20 br eakdWifn@Kygsieconiziping gas. yrcenteating e teanpisrrontaining sievein thhan by t he
presence of the oxygen-containing gas and heating at temperatures from 200°C to
900°C. In some cases, it may be desirable to heat in an environment having a low
oxygen concentration. In these cases, however, the result will typically be a

20  breakdown of the template into smaller components, rather than by the
combustion process. This type of process can be used for partial or complete
removal of the template from the intracrystalline pore system. In other cases, with
smaller tefnplates, complete or partial removal from the sieve can be
accomplished by conventional desorption processes such as those used in making

25  standard zeolites.

The reaction mixture can contain one or more templates. Templates are
structure directing or affecting agents, and typically contain nitrogen, phosphorus,
oxygen, carbon, hydrogen or a combination thereof, and can also contain at least
one alkyl or aryl group, with 1 to 8 carbons being present in the alkyl or aryl

30  group. Mixtures of two or more templates can produce mixtures of different
sieves or predominantly one sieve where one template is more strongly directing

than another.
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di pr opy!l am rmembittions ofeinpiatéso For exarhpls, inn partpatariyodesized gmbekineahl e  SAPO

truct f h i f t ticylarly. met hapol and
di et hyl et Hor SAPGRPSRIRL TN g el BRR T Bind e ln BombisiLRE. nol ecul ar
sieve ang cat@A@sitanddiprdpiBmninER MHiAEombifatiFalB§ulRif a pRrtRukay @osieble

SAPO structure for the conversion of oxygenates, particularly methanol and

dimethyl ether, to light olefins such as ethylene and propylene.
Molecular sieve and catalyst units may manufacture materials in a batch or
continuous process.

20 The molecular sieves used in this invention are preferably crystalline
particles. The crystalline particles are mixed with molecular sieve-containing
catalyst attrition particles or clumps and a virgin binder or binder equivalent.
Generally, the mixture also comprises water, either introduced along with or
added separately to or in admixture with the catalyst components, to provide the

25  mixture with a desired flow property, such as viscosity. The mixture is then
physically processed and dried, forming particles of a desired size. The product of
the drying process is referred to as a finished catalyst particle, since it incorporates
the molecular sieve and other components. The virgin binder or equivalent
essentially acts as a “glue” in that it holds the smaller particles within the larger

30 finished catalyst particle together. The finished catalyst particle itself may then be
calcined in much the same manner described above for the calcination of the

molecular sieve. The calcination of the finished catalyst particle can be used in



conti nuous process. 20 The nol ecul ar sieves used in this invention are
preferably crystalline particles. The crystalline particles are m xed with
nol ecul aw@pze®scont ai ning catalyst attrition particles PeT/wbumps7’éand a
virgin binder or binder equivalent. Qer ally, the mxture also conprises
water, either introduced along with or **added separately to or in adm xture
with the catal yst conponents, to pI’OVI de the 25 m xture with a desired flow
property, s i SCOSity. ure i.s essed and
i e, 1 or miied FaPtRAE e ot s s® e gl Bl by REPIET

process is rgdel zﬁrﬁﬁnﬁpb@Fm@orﬁﬂeﬂlt@ bﬁﬁl&ah@ﬁmhedwtdlys: lpestickd wite i t

i ncor por at es t he nolecu si eve and ot her conponents. The virgin binder
or equi val enpcréggérh@rdalpqisyoa@dgceélsdeaswygﬁr%'t § fyrthamiemovahefi welet e snal | er
particles w r alyst particle together. The
finished cattglltg‘?%ttettg eﬁ“i %efn:f&]{ib&h@@ﬁﬂart?& calcined in nmuch the sane
manner déscri bed Hbﬂﬂﬁn‘faﬁﬁfabimeedmblecuimtmm vdilchhlemcrmpmmﬂantosheve The

calcination of .the_finished cat ticle can he ed.in, WD 02/ 05950
BT LSoL) 206 aLYS] 8t IV BTHEATE FEY PO Gt i1 WFEiS PGS ¥t ¢ ho

tenpl ate fromdsfs o iRLeE e@és Vgr@fe?a‘b?y 1n@1%qe Weﬁﬁl%ﬁ@ﬁﬁ?dfﬁe%ﬂ onidg the
finished catalyst particle iI'ncreased hardness, or reduced density
fromthe f urmhleculalesrmﬁﬁlspmﬁﬁMhyeneams thetmcnipxtldar@ltmeé[ppadt beenichleintfilni shed

cat al yst part. 5 Fres d nol ecul cl sieve ich are

i ncor por at edt { O’P‘T‘@r as@aﬁlﬁgliﬁg?:ag’ﬁysf Pﬁ‘rée]l eV ent Y 8 %F%eddflé ferred to
herein ag vi ﬂhgeﬁbnﬁmg RESAR sySleRY Molecul MBS cLBINBEMh @ bitSHi6Y BatiBleefreRabl v
include the tenplate materi aI The term"virgin nol ecular sieve'

speci fi cal | ytherdnieg step ofitbie setalyst menufoeturing presess exalsa egnsideead, virgid t her al one
or as a finigsh r ully 10
functi oni ng r%%glfl?la%gsysbg{?&l {\%? ifi tgmogll g\)wéc(i)con aale?ﬁ%dsah% t??c{ ’tion particles

from the dryibRgulst ﬁ@veﬁcﬁonﬂ:zﬁﬁmg@hﬁic}ésTandimiiigﬁhaﬁdlwula&g;leWeOMtSlSaﬂaﬁEmeazlesO
considered virgin nplecular sieve. In such case, attrition particles
are, at the %oag?émpgﬁ s feare giel Gy ing isiep OF eyt mjmbfgﬁur@g@gocs?ﬁ&rs. rgin
mol ecul ayry S'zﬁé’c?con%efe‘&% in Sof%Ehar SOVH %@hﬂ)@ecﬁ a‘r”fﬁ%%e&fo Jﬁe‘&%%y ing step of
the catalyst nmanu ctur| process are 15 also consi der virgin nol ecul ar
si eve. The nedaempld, a‘rtrleorepmlckambﬁam@cygemate tarverseoramepdter syateqm, iot from thar ti cl es

of an oxygenate conversion reactor s or fromthe .
yg atlcmatl%n step of tﬂe ca{?fz?lyst manu ac{-urlrrrllg process, are not considered as

containing virgin molecular sieve. Virgin molecular sieve will generally have a
different, usually higher, catalytic activity than a molecular sieve that has been
20  utilized in a fully functioning reaction system.

Similarly, the binder or equivalent material newly introduced to the
catalyst manufacturing process, or that obtained from recycle of attrition particles -
or clumps from the catalyst manufacturing process prior to calcination is
considered “virgin binder or equivalent.” Virgin binder or equivalent loses its

25  ability as a “glue” to hold new, small particles together after it has been subjected
to the high temperatures associated with calcination or a reaction system, and is
not considered virgin binder or equivalent after being subjected to a calcination
process or a reaction system. Rather, it must be considered as a filler or other
component in the method and composition of this invention.

30 The molecular sieve-containing attrition particles from a functioning
reactor system can also contain erosion materials from the reactor system. These

materials can be metallic or non-metallic, depending upon the internal



calcination step of the catal yst manufacturing process, are not considered
as containing virgin nolecular sieve. Virgin nolecular sieve wll

general | ywoaves9so different, usually higher, catalytic acPCvUS§/Z0bmn a

nol ecul ar sieve that has been 20 utili égd ina fully functioning reaction
system Simlarly, the binder or equivafent material newy introduced to
the catalyst nmanufacturing process, or that obtained fromrecycle of
attrition particle clunps. from Y. ri nrocess
prior to calcé}ln!?ltglfcﬁlérﬁ Oi?ghe rg%cgés%i Séf%tF lgld Stu\&? ;n%?e%ﬁl)s] c%%igrg@dg# : %%é&&gﬁ%n@q' Virgin
bi nder or equé widittoi pdridesthidugh2dntadl dfitlie/catedya with the Comporatschimiesy, smal |
particles together after it has been subjected .to the high tenperatures

associ at ed VIPRHOICSYPISIR akhespergplon maggials igpludg alugyinum gepriigularkpglu i der ed
virgin bind 0 Lyal l1Rel ' : al. Cl ' process
or a reacti gléloné ;E/%Pt;‘g%w%gtﬁﬁﬁe’r@%eg Slrlrﬁgft1 &%g? %@%ﬁ%@%&?g@gﬁ% ?ﬁggfrlérgéh ot her
conponentS i n t he Imstdestledimdhis amypation thahthe nohdvirgin mwdetulapsiev80 The nol ecul ar

si eve-containing .attrition rticles frama funciioni react or. system can
21 So- cont ai FoBFUNTBAHAGERINE FreRbRH Thiodet BReGyETANS PRECE 1aPer | ol S
can be met al&éé@uﬁble@%ﬂﬂﬁ &hilvit fordRARNI BEhveRAh felifive 1S @Rl 02/ 05950

PCT/ US01/ 20676 15 construction of the reactor system Such rmaterials can
becone i ncorgstividy efithervirgin mplecalet si¢vei ingprperateid dnteshe finishaghcatadyst act of t he

catalyst with the go nents of the .reactor .system These.erqgsion

at or ol s | ACFIIE SR e Sred Sheab ) i e il PFESIEEEE ™" anadi um
ni ckel , 19| i(ﬁWS)(r@l@fi{fé o idin yhotdchlag BikvelV HORRLMIY, ishodd bb et Redtabbutl t 1S
desired in this invention that the non-virgin nolecul ar sieve- containing

attrition pd93.cnes prefergblycit deaicrbont G113 198d most desiably 4t loesiabopdl3G.c1 e have a
measur abl e cat al Wi C I\ . t han i . i .0 1t he
catalytic acti viy’f%/e Cg?a q’%%ﬁ\é&twpér?{%o ﬁY@&ﬁéﬁﬁgﬁé@g%ﬁ‘%éﬁgﬁ egegm}n%do t he

fini shed catal3getC ambd( psih &n a Hsstybe calcloy apjdistus aTalystmiae catalytty rati o of
non-virgin nolecul ar sjieve 10 (N\/S? relative to virgin no] ecul ar sieve
(VS), kNvs/ IAFEVItE Frsier a0 B oftviegpleqa ieverpragn-viigie melesdF §6YS It | east
about 0.5, t. desi : 1 lyst activity
ratio kl\}vjsg/ klgg&%‘dglr% &%%%%%ﬁgg’?ﬁ\%?ag@wg%%g% eﬂaog?%(g%}éﬁgnd 40 psia in
a pul se-t ypeenghcilbe caplyariafiog tredied tg flowmgilelioat gdsyas 600°4tandreater at i o, 50

of virgin,nol ecul ar ,si eve or
g 9 thanonee'i{

mosphere pressure 0230 hou ; hnd tlﬂgrll %ucla?arlys L1ses\1/1%j eic?ed at
350°C and a vacuum of no greater than 10 torr for about 1 hour. Then one, 3
microliter pulse of substantially pure methanol is passed across the 50 mg of

20  virgin molecular sieve or non-virgin molecular sieve , and the conversién of
methanol is determined by analyzing, with a suitable gas chromatograph, a portion
of the total vapor product before any condensation is allowed to occur. First order
reaction kinetics are assumed, and thus the catalyst activity index knvs/kys is
determined as In(1 - methanol conversion fraction using non-virgin molecular

25 sieve )/ In(1 - methanol conversion fraction using virgin molecular sieve).

The attrition particles of this invention should be of a diameter effective to
form a finished catalyst particle without significantly affecting the hardness of the
finished catalyst. Desirably, the finished catalyst particle of the present invention
will be of generally spherical shape and have an average particle diameter of

30  between about 20 microns and 300 microns, more preferably about 30 microns
and 200 microns, most preferably about 50 microns and 150 microns. The non-

virgin attrition particles desirably have an average particle diameter of not greater



15 | oaded into a reactor tube, nom nally about 12 mmo.d. by about 120 mm
in length. The catalyst is first treated by flow ng heliumgas at 500C and
greater woamn®se atnosphere pressure for an hour, and thraTARE/2Wat6al yst i s
subj ected at 350C and a vacuum of no 9L eater than 10-2 torr for about 1
hour. Then one, 3 mcroliter pulse of gubstanti ally pure nethanol is
passed across the 50 ng of 20 virgin nol ecul ar sieve or non-virgin

mol ecul ar Sitﬁ%ﬂﬁabou@@@%tog?hec&@}/aeéé ?ilﬁﬁleocfiam%{]Q%Q hn'&s’ﬁe&’%tag 1 ned by
anal yzing, w a sultabl'e gas©chromatograph, a portron the total vapor
product bef gireferubly napgensahimabous23h) mwecréforabbyenst. grdatersharoabdat reacti on

ki netics are assuned, and thus the catal yst actiyity i ndex KNVS/ kvs is
det er mi ned 9% Apretersd meshng) Of@SWVEF’él?%‘yGFarg&d’ta}Tthe é’émﬁtj’rﬁofh-a%rr gin

nol ecul ar i Lt ni¥Blo l.n8 M EshRduld e khigmidisi ng virgin
nmol ecul ar s?sgstg%r&l\é'eltﬁéehngﬁ%’rﬂti on ggi}?iagl es of th?lg sirnvenlti on should be of a
di anmet er Sef f ect i vA& finshed catalyst plaitrils btisubataatialbt larger size tan alsa bout

ignificantly affecting the hard he. finished cat.al yst, irably,
ThaHi i ahedreBraty e Saipfe f BoRon et e gt AT e b oPor 'Y
general 'y spitgid 8lin hanfelid 1ML oATONBMEERER, f2aklall§ Ifer fHpBbRioarinof 30

bet ween about 20 mi crons and 300 mcrons, nore preferably about 30 m crons
and 200 ni critted reaptertbegds.eBiarikiplyyit ngsibBoo miiizote airition Bartigiegr ons. The non-

virgin attrition ticl esir ye. V. . f] ' ter of
not greater %e@ﬁggﬁ.%éu%é#gﬁ§6tfﬁ’ g%ﬁ&e%gﬁpg g%ﬁg(g%%%lp%@o}&l %th&% ﬁ%ﬁgs erage
particl eodi afedionOfA fpAad bNdthérethigrt @hiBlst parficlefoesablrigs Bad siggseas er. t han

about 25% nore preferably not greater than about 10% A preferred nethod
of det er ni nidkyp aeeentalje particle dianeter is a laser scattering technique,

but i croscopy ang, Q&J‘s‘%léePF@CcP %eqﬁkﬁs':heﬁrcgta?ék b;gflgl‘és, Re AttrdtidH %gtgﬁes%% al yst

particle of a substanti arger size 0 be provi exanpl e,
a conmon catdesirahly pabvstantinBy fras oficaky|(i. e dearbdriakepus magperiad whidbiohs @A 8 i n.

o amet e andy Hdeh o EIFSLiGEIGLE SenETAl) X o cenLlcatlan 0 11 xed
gener at eg friom. gy féberbéer ke cBhRhYnoP 8Fchict RS abButl 1MBwCRHASS] & @B and net hod
of the 10 invention. A nyriad of other finished catalyst particle
geomet ri es aavdrage tessl wigight dltbwathdmamarisles, nibee praterahly sotgrbaterthathe fi ni shed
catalyst parébioﬁ{ § %v’t.%,rr]r?osﬁ)}erfeirglglg o grtegtierc thiits aBout 1 wt.%. If the coke content
of the attrition particles is higher than desired, some or all of the coke can be
removed by contacting with an oxygen containing gas, e.g., air, at a temperature
20  sufficiently high to combust the coke. For example, coked attrition particles can
be contacted with air at a temperature of between about 250°C and about 700°C
until the desired amount of coke is removed.
The finished catalyst of this invention is preferably formed by mixing the
attrition particles or clumps and virgin molecular sieve with a virgin binder and
25  drying the mixture to form the finished catalyst particles. Although it is desired to
mix together the non-virgin or virgin attrition particles or clumps with virgin
molecular sieve and virgin binder or equivalent to form the catalyst, the attrition
particles can be mixed with virgin molecular sieve precursor materials, heated and
dried. By molecular sieve precursor materials is meant the reactive silicon,
30  aluminum and phosphorus components, along with at least one template, used to
form the virgin molecular sieve, as described above. An appropriate mix of

precursor materials will form virgin molecular sieve without significantly



desirably substantially free of coke (i.e., carbonaceous material which
forms on the catalyst during the reaction process). Preferably, the
attriti ow@azoivsd es will 15 have an average coke content PET/RSM/YpBat er

t han about 10 wt. % based on the avera e7 total weight of the attrition
particles, nore preferably not greaterqthan about 5 wt.% nost preferably
not greater than about 1 wt.% If the coke content of the attrition

particles is fﬂ: ‘gnl[;'é:{he aﬂtﬁﬂog§§ﬂtmﬁg Tﬁ@?@ul‘?%ﬁ'be a%gmbgsqte o?iﬁﬁflﬁgﬁpg%clegemved

by contacting cont al ni enperature 20
sufficientl yanlduglglrtmolbembusbvd, he coke For exarrpl e coked attrition
particles can be _contacted with air at a tenperat bet ween about 250C
and about 700C JrRuvenkeel deang wet S%Qﬂli‘tbedﬁe@:oﬁéa é ¥eAUOPRL fini shed

car i o es oSS BUERL ek BePAAH BB, Ypraf UFRAe Midlad A deblie & T and 25
dryi ng tlhe momhmemonmoftv\rmnmerefthamﬁ}wdbca‘sed yst particles. Although it is
T umpecwi th v or e atiste el st bRt S BB ER ot t o for m
t he cat al yStsorﬁeﬁl@o@éaftaﬂyét's&@abl@ﬁﬁh's&in%ﬁé@d—'a@ds% &%Pmytd}ym rp%déss@' ecul ar

Si eve precursor materi als, heated and dried ecul ar "si eve precursor

mat eri al s i sThieprecesshas beqmmpley@ lmtl@eomod@moalqﬁ YRHOUR @W&/S@a@&@ﬁb}ady

component s t e [ rgin
nmol ecul ar s@v‘g gdg%\fngggﬂysg %{] Stﬁnponsl L& geena?ﬁSé 8%% %%r\é sor

mat er i ali® W dryin g(wfférs\/a mghlbbrrmb@mlt@es SV@'\g@aﬂMitmlﬂr agglgmefatmnt ly WO

02/ 05950 PCT/ USO1/ 20676 17 affecting the attrition particles. The result

will be a cd??ﬁ‘e@ﬂ%t@'f@’lmlﬁg PYOCESSeh Iffarem@p@sspr@mrymg@prbem@d@%l@ & eve.
Convent i onal ér@& @Foglr Po&a%e}lﬁgéjqu ﬁ@&’& r8I1 gﬁgt gﬁggyl n”Et hods

i ncl ude, air drying, ea spr rylng or 5
conbi nat i onsfaaﬂltdtmheaddmmeoitdsthere(dﬂltwamalhxhreag@nk toCthecqnapdsutmnl shidey de5| rabl e

techni que for the roducti on, of rt cuI sorbent oy catglyst suitable
for use in f3dditipng aﬁé‘&%"@@‘?ﬂ’ﬂe%ﬁg%fl@ﬁﬁ WB‘F%@%’?&}’%P% SP ¥ess has

been, SPISOY iyl GAEIBRAIAR! boRcIe! oMAERGURGAL St ahoshaper b gl arly Tl ui d

cracking catalysSts and catal ysts for Cohverting oxygenates to ol efins.

Spray 10 dr yprn@uoanbh@rf fluilizedrisd catelystdihanindgesitoekihe gartiqulate producbr

aggl omer ati on results in improved process economics in the form of a higher product yield. In
many cases, conventional spray drying techniques can provide nearly a 100
percent yield of particles having a size suitable for use in a fluidized bed. In such

20 cases, little, if any, of the spray dried particles need to be discarded as waste.

An example of a spray drying process is disclosed in U.S. Pat. No.

4,946,814, the description of which is incorporate herein by reference. This
process uses an acid stable surfactant with a silica-sol binder system to provide
molecular sieve catalysts of significantly improved morphology, selectivity, and

25  attrition resistance. The acid stable surfactant can be added to any one, or all, of
the final slurry components including the alumina-silica sol slurry, the clay slurry,
the alumina and/or a zeolite slurry. Many other binders are suitable for use in the
present invention, for example, alumina chlorhydryl, AICIOH. In addition,
components that are classically considered fillers, such as bentonite clay, can

30  simultaneously serve as a binder and filler, eliminating the need for a dedicated

binder such as alumina chlorhydryl.



particul ate-form ng processes. For exanple, spray drying can be readily
scaled to commercial production to produce |arge quantities of a product.
Spray dr wag2/o$scilitates the addition of other additivesPanaiseragents to

t he conposition since additional reagegts can sinply be added to a slurry
prior to spray drying. Spray 15 drying*€an al so provide particles of highly
uni form si ze and shape. In the production of fluidized bed catal ysts, the
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bent oni tj® C|(ﬁﬁ‘}ng@@gbnel%ﬁoﬁldéﬁ§1§a AE tHe TathlyBEAMEInaRadn NSt stdflothi disr
elimnating the need for a dedicated binder such as alum na chl orhydryl.

WD 02/ 05950 mraiyulisbndesneble that thedneremaipsielsithaf|ase esed imthesatadyshtpnretiaz d t he

mtrecont n he cat al arti cl n

pr)(;cgss. Sucﬁ I??éf?g%gflge Q%atégpa\?g?ogtc' %QP&J% g{:gdit;% g?%}gn ctive
materials, ahs@ plféfewm}lmrelaeoe% 1 A1 10 MouV@B besogsoequgﬂpeéféﬂablybl nder
materials. Thesé materials include conpositions such as kaolin and other 5

cl ays, vari diosmbboutt). bfalfgatetoedotto. ﬁealég 8C. netal oxi des, other non-zeolite
CaUal Yoty COmPOnEl eSOl E2L Yol SORRIE 8 Sl g ol umina S0
SIS e e el e SR
t hermal si nkadnuxtasswih thefitigled cetalyst tfi dngretdh Stimatuadlyypes of small pore
molecular sieves that are suitable for use in this invention include AEI, AFT,
APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR, EDI, ERI,
20 GOO, KFL LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG, THO, and
substituted forms thereof. Structural types of medium pore molecular sieves that
are suitable for use in this invention include MFI, MEL, MTW, EUO, MTT, HEU,
FER, AFO, AEL, TON, and substituted forms thereof. These small and medium
pore molecular sieves are described in greater detail in the A#las of Zeolite
25 Structural Types, W.M. Meier and D.H. Olsen, Butterworth Heineman, 3rd ed.,
1997, the detailed description of which is expressly incorporated herein by
reference. Desired molecular sieves which can be combined are
silicoaluminophosphate molecular sieves, ZSM-5, ZSM-34, erionite, and
chabazite. The catalyst composition preferably comprises about 1% to about 99
30 %, more preferably about 5 % to about 90 %, and most preferably about 10% to

about 80%, by weight of total molecular sieve.



10 during regeneration, densifying the catal yst and increasing catal yst
strength. It is particularly desirable that the inert materials that are
used in tWeovetsd yst to act as a thernmal sink have a heapCrap@ciosys of from
about 0.05 cal/g-Cto about 1 cal/g-C, . nore preferably from about 0.1
cal/g-C to about 0.8 cal/g-C, nost prefgrably fromabout 0.1 cal/g-Cto
about 0.5 cal/g-C. 15 Additional nolecular sieve materials can be included

as a part of the t 0 S gSeparate
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and conversi emmuot of diluent, correlated to produce light olefins. These conditions are

described in detail below. Usually, the oxygenate feed is contacted with the

catalyst when the oxygenate is in a vapor phase. Alternately, the process may be

carried out in a liquid or a mixed vapor/liquid phase. When the process is carried

20  outin aliquid phase or a mixed vapor/liquid phase, different conversions and
selectivities of feed-to-product may result depending upon the catalyst and
reaction conditions. As used herein, the term reactor includes not only
commercial scale reactors but also pilot sized reactor units and lab bench scale
reactor units.

25 Olefins can generally be produced at a wide range of temperatures. An
effective operating temperature range can be from about 200°C to 700°C. At the
lower end of the temperature range, the formation of the desired olefin products
may become markedly slow. At the upper end of the temperature range, the
process may not form an optimum amount of product. An operating temperature

30 of between about 300°C and 500°C is desired.

The process can be carried out in a dynamic bed system or any system of a

variety of transport beds rather than in a fixed bed system. It is particularly
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hydrocarbon in the feed per hour per weight of molecular 31eve content of the

catalyst. The hydrocarbon content will be oxygenate and any hydrocarbon which
may optionally be combined with the oxygenate. The molecular sieve content is
intended to mean only the molecular sieve portion that is contained within the

20  catalyst. This excludes components such as binders, diluents, inerts, rare earth
components, etc.

The pressure also may vary over a wide range, including autogenous
pressures. Desired pressures are in the range of about 0.5 kPa to about 5 MPa.
The foregoing pressures refer to the partial pressure of the oxygenate compounds

25  and/or mixtures thereof.

One or more inert diluents may be present in the feedstock, for example, in
an amount of from 1 molar percent to 99 molar percent, based on the total number
of moles of all feed and diluent components fed to the reaction zone (or catalyst).
Typical diluents include, but are not necessarily limited to helium, argon,

30 nitrogen, carbon monoxide, carbon dioxide, hydrogen, water, paraffins, alkanes

(especially methane, ethane, and propane), alkylenes, aromatic compounds, and



incorporated inits entirety herein by reference. Additionally,
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number of methods familiar to persons of ordinary skill in the art. Examples

include, but are not necessarily limited to, adjusting one or more of the following:
the reaction temperature; pressure; flow rate (i.e., WHSYV); level and degree of
catalyst regeneration; amount of catalyst re-circulation; the specific reactor

20  configuration; the feed composition; and other parameters which affect the
conversion.

If regeneration is required, the molecular sieve catalyst can be
continuously introduced as a moving bed to a regeneration zone where it can be
regenerated, such as for example by removing carbonaceous materials or by

25  oxidation in an oxygen-containing atmosphere. In a desired embodiment, the
catalyst is subject to a regeneration step by burning off carbonaceous deposits
accumulated during the conversion reactions.

The oxygenate feedstock comprises at least one organic compound which
contains at least one oxygen atom, such as aliphatic alcohols, ethers, carbonyl

30 compounds (aldehydes, ketones, carboxylic acids, carbonates, esters and the like).
When the oxygenate is an alcohol, the alcohol can include an aliphatic moiety

having from 1 to 10 carbon atoms, more preferably from 1 to 4 carbon atoms.
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polymerized to form polyolefins, particularly polyethylene and polypropylene.

Processes for forming polyolefins from olefins are known in the art. Catalytic

processes are desired. Particularly desired are metallocene, Ziegler/Natta and acid
20  catalytic systems. See, for example, U.S. Patent Nos. 3,258,455; 3,305,538;

3,364,190; 5,892,079; 4,659,685; 4,076,698; 3,645,992; 4,302,565; and 4,243,691,

the catalyst and process descriptions of each being expressly incorporated herein

by reference. In general, these methods involve contacting the olefin product with

a polyolefin-forming catalyst at a pressure and temperature effective to form the
25  polyolefin product.

A desired polyolefin-forming catalyst is a metallocene catalyst. The
desired temperature of operation is from 50°C to 240°C and the reaction can be
carried out at low, medium or high pressure, being anywhere from about 1 bar to
200 bars. For processes carried out in solution, an inert diluent can be used, and

30 the desired operating pressure is from 10 bars to 150 bars, with a desired

temperature range of from 120°C to 230°C. For gas phase processes, it is desired
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from 5 bars dffechlparoved throughout the system repeatedly. Generally, they tend to be

removed with the vapor product in the separation system, and are ultimately
disposed as waste.

In this invention, the attrition particles are recovered and reused in the

20  manufacture of new catalyst. The attrition particles can be recovered using
conventional separation equipment, including but not limited to, cyclones, filters
and electrostatic precipitators. In general, the separation equipment will desirably
be placed in line of the product stream from the reactor or the flue gas stream from
a catalyst regenerator, the attrition particles separated, and the particles will be

25  sent to a catalyst manufacturing unit for processing into a new catalyst
composition.

In one embodiment, the catalyst manufacturing process can be close
coupled with a reaction system. By close coupled is meant that virtually all of the
catalyst made by the catalyst manufacturing facility or facilities is dedicated to

30  operation in a given reaction system or systems, and at least a portion of the
attrition particles of the reaction systems are returned to the catalyst

manufacturing facility. The manufacturing facility need not be physically located
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PCT/ US0L/ 2065§ffsstem21£s1 likely to be less than 100%, and in such case, only a portion of the
attrition particles should be reused. Desirably, the recovered, attrition particles
should have catalytic activity such that at least 10 wt.% of the recovered attrition

20  particles can be recycled, preferably at least 20 wt.%, and most preferably at least
40% wt.%.

In another embodiment, the catalyst manufacturing facility may be
decoupled from any particular reaction system, although preferably, the type of
molecular sieve in the catalyst made by the catalyst manufacturing facility and the

25  type of catalyst in the catalyst used in the reaction system are the same, e.g.,
SAPO-34, or similar, e.g., SAPO-34 and SAPO-18. In this decoupled
embodiment, attrition particles may be obtained at any rate and interval, subject
to economic and facility constraints and optimums. In such an operation, there is
no desired level of how much attrition particles should be utilized from a given

30 reaction system. However, regardless of the source of attrition particles, it is

desired that the catalyst comprise at least about 10% attrition particles from a
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02705950 PCﬁéyrl%?&étgr?r?ggnit 11 as stream 14 to be incorporated into the manufacture of
additional catalyst particles. A portion of the attrition particles will be purged as
stream 15.
20 Another example is shown in Fig. 2. In this desired embodiment, sieve
precursor materials are sent through a line 20 to a sieve synthesis unit 21. In this
unit, a reaction mixture is formed by mixing together one or more of a reactive
silicon, aluminum or phosphorus component, along with at least one template.
Generally, the mixture is sealed and heated, preferably under autogenous pressure,
25  to atemperature of at least about 100°C, preferably from about 100 to 250°C, until
a crystalline product is formed. Formation of the crystalline product can take
anywhere from around 2 hours to as much as 2 weeks. In some cases, stirring or
seeding with crystalline material will facilitate the formation of the product.
Typically, the molecular sieve formed in the sieve synthesis unit 21 will be
30 formed in solution. It can be recovered by conventional means, such as by

centrifugation or filtration. The product can also be washed, recovered by the

same means and dried.



25 reaction system nore preferably at |east about 20% and nost desirably
at |l east about 40% An exanple of recovering and processing attrition
particlewoszeiemwn in Fig. 1. Virgin nolecul ar sieve, vipgimswizeds s and
fillers are introduced via a 5 stream #g into a catalyst unit 11. Catal yst
unit 11 is a conventional unit in whic sieve is mxed with binder and
filler, and the mxture is dried and calcined to produce a finished

catalyst part ol G d@ienieyhRiRlyss ifuhd hOGIRd ol SR 00 LR

reaction systeml use as a cata e ’reastl on system
12 can be anycatyst@niti20 el comytshiagwithi vilgin m@dexp@mﬁHSrswﬁe digleviegina
nol ecul ar sieve 10 ¢ such a 6 ystem attrl tion takes place,

a . In
reduci ng t hett&itiog PB‘ftlc’ieﬁé’r ﬁiﬂ%@ﬁaﬁ"m HheglEing 3nH 2 s3ndiymoniggn a"Wféﬁl t he
mol ecul ar  sievig 620 fYoth RA1dikdres aﬁeé@;gg @tﬁ@kefabﬁ&ﬁéys&nf sglupgd in size as

a result of attrition, they are recover y conventi‘onal neans such as by
t he use of mn&ppcrﬁpareﬂnmbgl tqgeﬁedamysﬂnbmea, drgingamnit@St and drigt aconditgat or, fl ue

gas wash 15 scrubb er. S Once the attrition particles are
separ ated af CP%%G(S’\%B?%dneaﬁ lts){lpggﬁ% f%ym%f’rch%s‘f‘ the ‘i% t¥Stharti cl es
can be recyqglgetl®arkwhidhbhecdnaideted 36 be f&%ﬁfaﬂ%#ﬁderlﬁ ali‘&icftloﬁ]a AsmSdreeam 14 to
be incorporated into the nmanufacture of additional catal ys¥ particles. A

portion of tmeovaredrandireycirdrtierks taeentalystin@2pur ged as stream 15. 20 Anot her
exanpl e is shown IL ét%S fi mh{é dtﬁ%lthg?% Eses%ngtm%g ”?E}ﬂgmg %I ttugr Srursor

materials are sent I’OU oa5|eves In this

unit, a loeaqiartiulesdOatans senit So the carlYstAINM2 bfiddésage chelysopeticles DRrge of a
reactive sili con, alum num or: phosphorus conpgnent, along with at | east

one tenpl at &ent te@EiciionpystemE4nivkicheansrates a srasHomA@dneiA0ad Dusinger abl y
under aut b i ga&ﬁ,ﬁ%gceszéggg%ﬁoftﬁgpﬁal%t%&ugffoﬁfnd %@éﬁm L&}Q{ffcmﬂsooc

preferably f out a crysta I's formed.
For mat i on of22ah&heseyattrionipagicpss@duate separated Kiwm thieyredveion sjrsrtﬁmaﬁd eplitd 2 hours

mat or i al i [HIOHEE TR 2R ROLH RGO FSH DB PTHBE pRUMHRR. oy BraPYEE The
mol ecul ai5 Si@¥emiak MHud, I iCembiNBeRtY e Q%ly%t 0 52 ?e%el\ofeslh 'attH?x 30 formed in
solution. It can be recovered by conventional means, suc
cent ri f ugat ipariades ie¢ydedfromrbothrthe cprlysiimanufeoturan gsprobess wad h:atdtlyst ecovered by
the reaction system.
Another, desired embodiment is shown in Fig.3. In this embodiment,
catalyst containing molecular sieve attrition particles and virgin molecular sieve
20  are fed via line 30 into reactor unit 31. Preferably, reactor unit 31 is a fluid
catalytic cracking reactor or a fluidized bed reactor and is used in a process of
making olefins from an oxygenate feed.
The product from reactor unit 31 is recovered and sent through line 32 to
a product recovery unit 33. Typically, attrition particles can be found
25  accompanying the product through line 32. This being the case, the attrition
particles can be recovered in a product recovery unit 33 using conventional
means. The attrition particles are separated from the reaction product and
recycled in the manufacture of new catalyst or purged as required.
A portion of the catalyst in reactor unit 31 will typically need to be
30 regenerated. This regeneration occurs by sending “coked” catalyst to regenerator

34, where the coke is removed. In a well functioning process, the regenerated

catalyst will be recycled back to reactor 31.



same neans and dried. WO 02/05950 PCT/US01/20676 26 Once the nol ecul ar
sieve 25 is fornmed in sieve synthesis unit 21, it is sent to catalyst unit
22 for comdonosago with virgin binders and fillers 26a, andP@imgowosmt trition
particles or clunps 27 fromthe drying unit 23, and/or non-virgin attrition
particles 20a fromthe cal ciner 29 andZQSa fromthe reaction system 24. The
5 conponents are m xed together and sent to a drying unit 23, and dried

according to co?gﬂttaéag&gl Sugﬁggfo\}ﬂ%h Shgre% eljrgedgg%c%&ﬁ in the drying

unit 23, catalys icles B ONSS e too small for

use in a reaegémemtaysl dnmyeasaspanitongdrtiisd willdeatanetrcitotgowithtial yst uni t
22. Product @8 fromth drying unit 23 is_sent to catal gst cal ci ner 29.
Attrition HoresRst irbw 112%%908%@%%%83@631@%5%?59 liggBp to sepapfidesi r ed

catal yst parnjgc djuée Sn 2sjeg§ra35ﬁ’ unit §6! tcoh?erfﬁoﬁ?@ﬁédng BreSdked %‘%e@ﬂraté"éﬂdc h generates

a reaction product i cal reaction proc attrition of
t he cat aBystrecmuaﬂtm;oﬂmmleg ”Hietatﬁrlttmnmazpmtdsiand then r@eled Whesalystt t rition
particles 22a are separ at eglaf rom-t h reaction systemand split into two

streanms, 23dNAHHRGPIEOT PUrERE pE APIE QK ‘?o the catal yst unit 22, and a purge 15

stream 24a. Thus  THebokfak r@ﬁ?ﬁﬂghmlrglﬁ Hl%l@‘éﬁfaﬁhﬁ% aﬂ&%&gl@%mrd@lce' ves
attrition particles recycled fromboth the catal yst manufacturing process

and cat al yst(whpé)acfrpmrnes\glxn@de rmtm.stalseqr frogesicyeldd etiidel pasticles er shown i n
Fig.3. In thjs nent. St. cont cul ar S|E¥e atﬁ&rltlon

particles ancéiun\}Prgl %WSTW%?Q}O e vgleve‘Ze)n {élt]fogd)av ki ﬁgtr% A6 eact or

unit 31.10Pr efigdbadit etefrRiasti . Ttmﬁaréiﬁetbl‘é afe det By theCRbiadd/priopertieasdd ng react or
or a fluidized bed reactor and is used in a process of making olefins from

an oxygenat éateelithepredyst entelyst and din siuerciropertias andyates of theppeyiedio and sent
through 1i neatg’%lohggr& dﬁ@é@%’ﬁ{co I FinYo c&ta tas c%’e@ft ﬁdﬂ ly, attrition

particles can accorpanyi ng duc rough line 32. This
bei ng the case, tTHds atventidn will betaetter midesstmmrwinlerefemmeemeﬂe fotlosvityy oduct
ans., _The attrltlon particles are

recovery unit 33, usi convent i
separat ed f rofiplFs E‘ghta}"eo‘ﬁteﬁfl?fﬁ J(IU%WEP spegifis embgdimentsuithig. r? gt e of new

cat al ystysor S@gﬁgégmhgﬁwgﬁgéﬂgsqgamédportl on of the catalyst in reactor unit
31 will typically need to be

Example 1
Referring to Fig. 1, a catalyst unit 11 operates to manufacture 1000 1b/day

SAPO-34 catalyst 16 in a continuous manner for use in reactor system 12 which is
20  afluidized bed oxygenate conversion reaction system. The SAPO-34 catalyst 16
is comprised of recycle attrition particles, binder and fillers, and exhibits a catalyst
activity ratio of 0.50. In the course of operation of reaction system 12, 1000
Ib/day of catalyst fines 13 are generated, having a catalyst activity ratio of 0.40; 20
% of the original catalyst activity has been lost in the reaction system (((0.50 -.40)
25 /0.50) x 100). 400 Ib/day of attrition particles 14 are continuously provided to
catalyst unit 11, while 600 Ib/day of attrition particles 15 are discarded. In the
catalyst unit 11, 10% binder is used in the mixture to be dried into finished
catalyst particles to provide a desired particle strength.
From the above information, the correct proportions of all materials to
30  catalyst unit 11 to produce the desired catalyst 16 at the desired rate can be
calculated. For example, the catalyst 16 contains 50% active sieve, equal to 500

Ib/day of active sieve (1000 Ib/day x 0.5 catalyst activity ratio), and 160 Ib/day of



30 regenerated. This regeneration occurs by sending "coked" catalyst to
regenerator 34, where the coke is renoved. In a well functioning process,
t he regemveo at/ex¥50 cat al yst will be recycl ed back to react oPCBUSONMsH2/ 05950
PCT/ US01/ 20676 27 Light gasses, such % found in flue gas, are also
recovered from regenerator 34. In man? cases, attrition particles will be
recovered along with the flue gas. In such instances, the fI ue gas can be

sent through ) r.at It 36,
convent i onal® rrggglseg%?%g%s 1%5% }be ﬂe%bcé?&;{}h-}m%a) ag Crleesilgl\%b&gﬁ/& ’fl ‘on particles.
The attriti cstddpst betdligsratio;ahé De%s diferyadedd chalysbidivits ronrRWrigatalr € or

purged as appr opr| ate The _correct prop ortions of virgin npolecular sieve
and vi rgi n OPsgeEsl 16 fipessealing ‘?Sé?ﬁtlﬁngg}/Wfﬁéﬁlvﬁﬁ@@}ﬁshll%c%mteldraé wllebeycl ed
attrition p and
Bttrition partgtEd Rl mblHEd e Al R 1 bR PO RincE bEXR TON. The
paranmet erss dbalagein biditidre thbasikalyd 16 comeint i16% tandbr ¢qanb® 100 IbAdey pr oduct

cat al yst and iven_ properties and, rate eno trition
ar ti o es- t o DS IERRPEOR SRElEt s it fteafigs ofdadeteatsy ¥l skl ent f on
will be bet t1grday%@lﬁn§1t Q@900 W/&dy rﬁfOﬁBﬂﬁ%@cﬁv‘% sidve -f1eb h@&&yﬁﬂueﬁxgﬁ% es, which

are intended to illustrate spécific enbodinents wthinthe overal 15
scope of the240rbelay obthatiBllen camﬁrefubm Bcaﬁlpﬂeatalymﬁmnmrtt@ﬂﬁmﬂ a

catalyst untfk SRR Ge TR PRSP 0B gty 1551

fluidized bed/dayYam iy FnRY BY sicaf JTRaklisPsf FyIBIRNto IAG1bAtyR4 foat al yst 16
is conprised of recycle attrition particles, binder and fillers, and

exhi bits a c@feamyld). activity ratio of 0.50. In the course of operatlon of
reaction system / t. havi ng
a catal yst activi aVl g ?‘8%1 gé%ﬁﬁgédztgg @’éﬁ?&?ﬁ'&&?ﬂ%g}%ﬁ%&a@&g?E}?Ots actl vity
has been | osdkilied 1h|nl& arethat 1heﬁ]m&ylﬂblemr(l(e(1§hrﬁﬂned A@hibwideGabgl)ofx 100) . 400

| b/ day of attrition p es 14 are conti nuouslty provided to catalyst
unit 11, whi B ERS R %éfflsﬁ tAPed, Moy bsnaEinesirams the i adarerse 1h the
cat al yst 5uni e LbendY0 bi nder is used in the mxture to be dried into
finishe catalyst particles to provide a desired particle strength.



From t he above information, the correct proportions of all materials to 30
catalyst unit 11 to produce the desired catalyst 16 at the desired rate can
be cal cwWwabra9stor exanple, the catal yst 16 contai ns 50%arukweosiceve,
equal to 500 |b/day of active sieve (1000 |Ib/day x 0.5 catalyst activity
ratio), and 160 | b/day of WD 02/ 05950 / USO01/ 20676 28 active sieve cones
fromthe recycled attrition particles 14 (400 I b/day x 0.4 catalyst
activity ratio; the 20% difference in catalyst activity fromthe ori ginal
material 16, representing essentially 20%inactive catalyst, is counted as
filler). T%%Be virgin nol ecul ar sieve in stream 10 conprises the

di fference 5 1b/day. In addition, the catalyst 16 contains 10%

bi nder, equal to 100 | b/day (1000 Ib/day x 0.1 binder fraction) and the
bal ance of s@{heam f gfgt alyst 16 is 400 |b/day of filler (1000 |b/day -
500 | b/ day abtfiA8cEiBeRIS: 100 | b/day filler). Since 240 Ib day of that
filler came fromrecycled catalyst attrition particles 14 (400 |b/day -
160 | b/day active sieve), the anount of filler produced in stream 10 is 160
10 | b/ day (400 | bAdabalyist ¢anepositionsionpaisingf cat al yst of 16 | b/ day to 240

| b/day filler from, stream 14). .Having.now fully described this invention,
it wll be apprec]?lgltegélarbi}e%eﬁ%%‘éanﬁgﬁﬁt% lagipﬁmtc}ﬁeé’ art that the invention can
be perfornmed wi thifgi@mulétalar siege aafi paranmeters within what is clained,

wi t hout departing fromthe spirit and scope of 15 the invention. WO

02/ 05950 PCT/ USO1¥ipd876 29 CLAIMS What is claimed is: 5 1. A catal yst
conposition conprising: nolecular sieve-containing attrition particles;
virgin nol ecul ar sieve; and binder. 10 2. The catalyst of claim1l, wherein
t he virdion nhl ecullarcasdlgst ef claimpil | whareindhe enlgiatoledularsiqvarcbmptiess, cat al yst
clunps, or mxtures, thereqf. 3. The catal yst of claim1l, wherein the

nol ecul ar sin%\‘f‘é- aigHIon mﬁewtﬁw Yps, or thixtutes hercof.

3. The catalyst of claim 1, wherein the molecular sieve-containing attrition
particles contain virgin molecular sieve and binder.

15
4, The catalyst of claim 1, wherein the molecular sieve-containing attrition

particles contain calcined molecular sieve and binder.

5. The catalyst of claim 1, wherein the molecular sieve-containing attrition
20  particles have a catalytic activity that is at least 25% of the catalytic activity of the

corresponding virgin molecular-sieve containing particles.

6. The catalyst of claim 1, wherein the catalyst composition has an average
particle diameter ranging from 40 pm to 150 pm, and the molecular sieve-
25 containing attrition particles have an average particle diameter of less than 20%

of the average particle diameter of the catalyst composition.

7. The catalyst of claim 1, wherein the molecular sieve-containing attrition
particles comprise less than 20 wt.% coke.
30



particles contain virgin nol ecular sieve and binder. 15 4. The catal yst of
claim1, wherein the nol ecul ar sieve-containing attrition particles

cont ai n owab 020960 nol ecul ar si eve and binder. 5. The cat al peT/Usét/wbmi m 1,
wherein the nol ecul ar sieve-containing_attrition 20 particles have a
catalytic activity that is at |east 25%of the catalytic activity of the
correspondi ng virgin nol ecul ar-sieve containing particles. 6. The catal yst
of claim1l, wherein the catal yst conposjtion has an vtﬁrag article

di amet er rarfgi ng ¥regiakest i elaim Eovhgreigibe mRlechlsr devh efrthe uBE cont ai ni ng
attrition pagtj.C : RRe; 1.gl ! forobs _20% of
t he aver ageaslpi)éa‘}re ﬁoc?iélﬁgggl}r@? 81?15%?1@?%90%%%%%%&%%%%@{ %‘??1813?‘3%& Sr‘ﬁgecat al yst
of claim 1, 5MsAP©-8, $ARO, SARCaL6, SARGE1ZHAROAIBNFGARO2Q, SARD-3par ti cl es

conprise les % e 2 5 U Y/ 30 8. The
cat al yst of %&%qiggaﬁtéseis‘lé%@'é@%%égé?aéggsé&eEgp qﬁﬁ%@é}% ar

si eve- cont ai YA PQ-4at SAPDLAN SPAT-56) tBS nieh] 86 tSiGIRGFhPINFDE 28l BMRuERNSI Sti Ng
of SAPO- "5, SAPO 8, SAPO 11, SAPG- 16, SAPO 17, SAPO 18, SAPO 20, SAPO 31,
SAPO- 34, SAREERS[. SAPO 36, SAPO- 37, SAPO 40, SAPO-41, SAPO-42, 5 SAPO 44,
SAPO- 47, SAPO-56, the metal containing forns thereof, and m xtures
thereof. 9. The catalyst of claim1l, wherein the virgin nolecular sieve is
SAPO-34. 100.10. THeecatysabyshin®l, whetiitie vingiameileculdigievelieSAPAr34si eve in

t he nmol ecul ar sieve-containing attrition particles and the virgin

nol ecul ar sieve have the sane franmework conposition. 11. The catal yst of
claim L ginefin He B 6Hbain §1 FliGeltnd HEIRILGH A dieni@Y; Cont al ni ng
attrition particles and”the virgin nolecular sieve have different

framewor k codipesiontadmiag altZitiol pertichs ahy e vifgircinaleculky sibve hdvertheomgr i Si ng
erosion material selected from the group consisting of alumnum iron,
cobal t, vana#BRYOIKiCORBPSigR| j con, and 20 combi nations ther eof .

11.  The catalyst of claim 1, wherein the molecular sieve in the molecular
15 sieve-containing attrition particles and the virgin molecular sieve have different

framework compositions.

12.  The catalyst of claim 1, further comprising erosion material selected from
the group consisting of aluminum, iron, cobalt, vanadium, nickel, silicon, and

20  combinations thereof.

13. A method of making a molecular sieve catalyst composition comprising: '
mixing together molecular sieve-containing attrition particles, virgin
molecular sieve components and binder; and drying the mixture to form the

25  molecular sieve catalyst composition.
14.  The method of claim 13, wherein drying is performed by spray drying.
15. A method of making olefins from an oxygenate feedstock, comprising:

30 providing a catalyst composition containing molecular sieve-containing

catalyst attrition particles, virgin molecular sieve, and binder; and



13. A nmethod of making a nol ecul ar sieve catal yst conposition conprising:
m xi ng toget her nol ecul ar sieve-containing attrition particles, virgin

nol ecul aw@pze®sconponent s and bi nder; and dryi ng the m xPOT/@SeIR06 m t he
25 nol ecul ar si eve catal yst conposition. 14. The nethod of claim 13,
wherein drying is perforned by spray drying. 15. A nethod of making

ol efins froman oxygenate feedstock, conprising: 30 providing a catalyst
conposition containing nol ecul ar sieve-containing catalyst attrition
particles, virgi PR B8 Thercath e GomBRRHIGH Wil Py Ssieto Ve o) Sen
PCT/USOl/ZOQ%angl contacting the catal yst conposition with oxygenate to
forman olefin product. 16. The nethod of claim15, wherein the oxygenate
is selected fromthe group 5 consisting of nethanol; ethanol; n-propanol;

i sopropanol ;. C4 -..C20 al cohal s;: thyl ethyl ether;. djneth et her;

i ol aehate” o TheBe Pt F S Lo Wi i g RipelsGeont et o.

di met hyl sketQRsistiREot ihsithasd] JethaHd ﬂl%ﬁébhﬁcﬁ;si_soﬁrbﬁe&@ﬂf&-@o dléoholkte net hod of
uc

claim 16, wherein the olefin pr od' _conprises ethylene, propylene or a
conbi nat i on méthykshyl efigr; dimsthybether disthyd [etier di-gsopigmot etharst he cat al yst

[0 700C; & wrBRBSKEE, fneat sbife NERIT ot s RERA il 00 R 1,

and a pressunereof from0.5 kPa to 5 MPa. 19. A nethod of recycling
nol ecul ar sieve-containing attrition particles to forma catalyst
conposi tion, conprising: 20 recovering the nol ecul ar sieve-containing

attriti 013) ﬁgﬁ | cl-B% hERBY Bt clen?‘f@,ﬁ?lbéfélhtthe Hbith B&gﬁét do fses]'&f{%lgf\clle,t he

recovere ecul ar sieve-containing attrition articlles wt I'rgin

nol ecul ar simupyleongpenamisnatandherenfposi ting the m xture to forma catal yst
conposition. 25 20. The nethod of claim 19, wherein the process unit is a
cat al yst

18.  The method of claim 16, wherein the catalyst composition is contacted
with the oxygenate at a temperature of from 200°C to 700°C; a weight hourly

15  space velocity of from 1 hr! to 1000 hr''; and a pressure of from 0.5 kPa to 5
MPa.

19. A method of recycling molecular sieve-containing attrition particles to
form a catalyst composition, comprising:
20 recovering the molecular sieve-containing attrition particles from a
process unit;
mixing at least 10% of the recovered molecular sieve-containing attrition
particles with virgin molecular sieve components; and

compositing the mixture to form a catalyst composition.

25
20.  The method of claim 19, wherein the process unit is a catalyst
manufacturing unit.
21.  The method of claim 19, wherein the process unit is a fluid bed reaction

30  system.



manufacturing unit. 21. The nethod of claim 19, wherein the process unit is
a fluid bed reaction 30 system WO 02/05950 PCT/US01/ 20676 32 22. The

nmet hod ofw@bz03ss@9, wherein the process unit is an oxygenRC®US@/ 200t6ef i NS
reaction system 23. The nethod of cla 19, wherein at |east 20% of the
recovered nol ecular 5 sieve- contalnlné attrition particles are mxed with
the virgin nol ecul ar si eve corrponents 24. The nmethod of claim23, wherein
at | east 40‘V of t e Xe% rr? ecul ar = sieve-containing attrition

particl es ar®? fd phel iFhsHRn dheprasess PR & P YERMHENt s. 25. The
met hod of(ﬂgﬁﬁﬂgéha%@%§§5ﬂ the virgin nolecul ar sieve conponents are

sel ected fromthe group” consisting of SAPO 5, SAPO 8, SAPO 11, SAPO 16,
SAPO- 17, SAPO 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35, SAPO 36, 15 SAPO 37,

SAPO- 40, SARQ 41,..SA APO: 44, . SAPO- 47 PQ: 56, the .netal.containing
Porme therodd  arTRneIs at okl & Snergly o (s 2008 oTRC tmebified FRIG G s ai 1
the virgisn ngdwRcdehfinifg QViEiti6R PRAIRE ke mxeIWiihBe Hrii@dnalbédladdiqr particles
or catalyst clunps. 20 27. The nmethod of claim 19, wherein the nol ecul ar

si eve- cont aimgnentsriti on particles contain virgin nol ecul ar sieve and
bi nder. 28. The nethod of claim 19, wherein the nolecul ar sieve-containing
attrition 25 particles are calcined nolecul ar sieve catal yst particles

whi ch conprisle nollecuéthod oBél&Mm2anﬂidﬁélﬁdﬂeast2¥9% dihtiee reebherdd edolediulirm 19,
wherei n the nol ecul ar, si eve-contai ni ng rition particles have a
catal ytic acﬁlquoytaﬂmag aftigtigp partigles arzsw thhéhec‘é{gélll poleculEsieye ty of t he

30 corrg qg%ﬂg éhégln nol ecul ar-si eve containing particles. WO 02/ 05950
PCT/USOl 06 3 0. The nmethod of claim 19, wherein the catalyst
conposi tion has an average

25.  The method of claim 19, wherein the virgin molecular sieve components
are selected from the group consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16,
SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,

15 SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, the

metal containing forms thereof, and mixtures thereof.

26.  The method of claim 19, wherein the virgin molecular sieve components
comprise dried attrition particles or catalyst clumps.

20
27.  The method of claim 19, wherein the molecular sieve-containing attrition

particles contain virgin molecular sieve and binder.

28.  The method of claim 19, wherein the molecular sieve-containing attrition
25  particles are calcined molecular sieve catalyst particles which comprise molecular

sieve and binder.

29.  The method of claim 19, wherein the molecular sieve-containing attrition
particles have a catalytic activity that is at least 25% of the catalytic activity of the

30 corresponding virgin molecular-sieve containing particles.



particle dianmeter ranging from40 gmto 50 gm and the nol ecul ar sieve-
containing attrition particles have an average particle dianeter of |ess

t han 20%wW0102/03980 aver age particle dianeter of the catal ysPCTORpEbT6 on. 5
31. The nethod of claim19, wherein the_nol ecul ar sieve-containing
attrition particles conprise |less tha 320 wt.% coke. 32. The nethod of
claim19, wherein the nolecular sieve of the nolecular 10 sieve-containing

attrition particles is _selected fromthe group consisting of SAPO 5,
SAPO-8, SAPGY1, Hepesthed okplpa 19 whepgrrthegatagyspepmpositanns3p averdgpo. 34,

SAPO 35, AP SRR s R 40P i X0 e SARG; 24, SAPO-47,

SAPO- 56, nmet al” cont ai xtures hereof. 15 33.
The net hod afontlirdhgnattbitionparieles hiveeanviveigd pamicRcdihetes bEMess then 3€%ect ed
fromthe group consisting of SAPO 5, SAPO 8, SAPO 11, SAPO 16, SAPO- 17,
SAPO- 18, SAPé%%%V%@P@aé@}e diapesesaf the spielyssconpesdions.  SAPO- 37,  SAPO- 40,
SAPO- 41, sSAPO- 42, SAPO 44, SAPO- 47, SAPO-56, the netal' 20 containing forns
t hereof, and m xtures thereof. 34. The nethod of claim 19, wherein the

mol ecul ar sidve iThetthethodbfdainai9, vdieesir theanolacularsievatdontdiniog aiaitipncl es and

the virgin nol ecul ar sieye have the same framework conposition. 25 35. The
met hod of clpé‘ftfﬁ?ﬁsg’,on%’é? Sﬁg?ﬁéor}%}t/éealf%r sieve in the nol ecul ar

si eve-contai ning catal yst particles and the virgin nol ecul ar sieve have
different framework conposition. '
32. The method of claim 19, wherein the molecular sieve of the molecular

10  sieve-containing attrition particles is selected from the group consisting of SAPO-
5, SAPO-§, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31,
SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42,
SAPO-44, SAPO-47, SAPO-56, the metal containing forms thereof, and mixtures
thereof.

15
33.  The method of claim 19, wherein the virgin molecular sieve is selected
from the group consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17,
SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37,
SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, the metal

20  containing forms thereof, and mixtures thereof.

34,  The method of claim 19, wherein the molecular sieve in the molecular
sieve-containing attrition particles and the virgin molecular sieve have the same
framework composition.

25
35.  The method of claim 19, wherein the molecular sieve in the molecular
sieve-containing catalyst particles and the virgin molecular sieve have different

framework composition.



