; ¥+, -e3eSLLMDY Pt ~R6RTShWO 02/ 05950 PCT/ US01/ 20676 SYNTHESI S OF MOLECULAR
SI EVE CATALYSTS Field of the Invention This invention relates to nol ecul ar
si eve catwlg/@iwsotohat contain attrition particles. In partiect/asol/Zobs
invention is to nolecul ar sieve catalysts that contain attrition particles
recycled froma catal yst manufactur a prlocess or froma reaction system and
virgi n nol ecul ar sieve. Background of the Invention A nolecular sieve is

generally a m cropor r d ither ystal line
al um nosilicate, che%&iﬁfﬁ?‘gg ﬁfmeﬁ%}gs&ﬁﬁhﬁﬁﬁw%ﬁnd bel onging to
a class of materials known as zeolites, or crystalline al um nophosphates

derived from m xtures containing an organic am ne or quaternary anunoni um
.salt, or cry&ieldbfthe Inyantional um nophosphat es whi ch are made by hydr ot her mal

crystallization from.a reaction m xture,conprisi reactive sources of
silica, alumna add HRselRErsaRyd Salecnat st cdlaflasomat onlain ATiet e,
»They can be uaRidldsO IEpytiedae Sheiidedtiodds S molRhlas Sl AN stEOhSCISnRin

separation based on size and polar properties; as ion-exchangers; as
cat al ysts i natirtexpagicleniasyeled okl heptalpistapanyifasture ormeesson, frah Ry¢astipon,

i sonerizatio i ion, 0, rsion of oxygenates to hydrocarbons,
particul arl y@%ﬁt%ﬁﬁ%ﬁ%ﬂ%@ @%lﬁﬁfé’@t her to ol efins;

a as chem pl S
in gas chromatography; and in the petroleumindustry to rem@@\m@wm\m
y

paraffins fromdistillates. 15 20 Ml ecul ar sieves are nman

reacting a nmpskkéBusd 0SBy Bivdhtisleni cal conponents. One of the &6HPonents
used in the reaction process is a tenplate, although nore than one tenplate
can be udd. The themplegiloes sigveisigsaeratlya frienepetons sedosurg compased ofeither
structures ( cal . a . cropor struyctur Wi t Ai he_conposition.
When the te h% aclal%%sAl Iglmrr%\sllélﬁ,gtea .6813%‘1 yr%i%l %ﬁorc %&%a%ci feltlfgs %rlﬁean s left behind
in which chebeloabingaReRsE bOMstefial kaoke hs z&Ritdsphgcrgstalline chem cal
conpositions are small_ enough to be able to fit inside_the tunnels. Thus a
nol ecul ar si ép@nigephosphates dejived frogmixdiepeantdigingan PBEBLGIBEICOOf om ent eri ng a
nmol ecul ar por : . 02/.0. : / 6 | ecul ar

i evos ar e pares aptEiBnitPeaty pr ory i My RS AR

mol ecul an5si evels bylstdraldrmabcyathizyisdsiria waeasion nyikivge sorhpdsing fdactivet hei r

m croporous structures. ce the tenplate is remgved, a chem cal feedstock
That 1S orml ROURGLGTIIG. AR MiRporpieta JHABPUSLIANe SAEE § NG OREEE w Lh a

catal ytic si ey CHRBE ustﬁaﬂ th QNT%ﬁes%m;’cﬁﬁchs; fdelebiS PO ERE: %Qra{i ve the

nol ecul ar si eve” through any "nunber of the tunnels or pores as long as the
product has hbesedomcozreandgwldrproperties; paoiss-ekthrangeh; ashatadystaintauackingThe por e
sizes typically range from around.2 t angstro in_many catalytic

nmol ecul ar si Nérso.claf mlgefhﬁ%r@*’ loflguoéloﬁ]%ﬁ%gf’léllgosf%ezﬂzén’ﬁ%%t%@f%ﬁ’ Péaction
syst ens, 200! @6tNeR§iod Of SiyRéRSeRothydedtarahs, haf RS/ di@horhiddiodibdretizat al ytic
or inert structure affecti n? caonponents to form finished catalyst
particles. SteRlefastaschemical earderscinigesehrometogeaphitping injthe petgleymat ent No.

4,499, 327. industry 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)
wifhin 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.
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Al t hough finished catalyst particles are generally harder than the

nol ecul ar si eve conponents, they are pr one to damage due to physi cal
stresses $Wp @nsokont ered during the manufacture of the finiptpdsazgicyst
particles or during the use of the finished catalyst particles in a
reaction system This damage tends to ph¥sically 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 ste from
the systemin whi Hoteulitocaare pf@tléo*ﬁarim&%%if%f&sa:aécfaifﬂyw ABEHed Rt al yst
par i cl es, t ey gouBsictes habeot S BAESH pRs édtﬁk%ésﬁe@ it aleirqﬁicl-og;og&sf or
subsequent use In a reaction syste For exanhpl e, through m soperation of
+equi pnent or stmensise fnce gertemphatesis atmoved, belgminalfgedstockribatos soale cycl e of a
bat ch catal yst nuf act ur,i oper.ation, large cl or eets of the sieve
or conposit e Bt _ﬁoﬁntwogl%rﬁ’fﬁ%ﬂs tecnt lpé) ‘iﬂngafg%?‘&cﬁagﬁ Cséﬁp’ieﬁﬁéﬂt. The
"clunps are thghn ipasRedaad 8 RoduRs Sarl Batd e GRS kickB Bitbag Ay MfintRk OCeSs.
The di scarding of catalyst attrition particles or oversized catal yst clunps
i s probl emat iod thertgnnelnhorpayeas long axihd poeduct hapmet béoome, toerdarpe thspaser

effectively recoverin nd. regusi ng i hese. rition parti s,;and clunps are
hi ghly desiré ol e Sg%g?i%'o f%Sl%%ﬁnﬁw@ﬁ%?anéﬁirOPﬁvgwﬁ%ﬁo / US01/ 20676
In order to lanpdttorhDiasemydatdRalccaoleallasdi@e- contai ning attrition particles
and/ or cl unps duriﬂ%b manuf acture or during use, this invention provides a
catal yst conposi t ilsnbeifeln iz eprpmerred spale eiplyHe reac oSSt MMty ait triti on
particlesy 5 Vi Ll J: s I . L1.ai ecul ar si eve
can incl 38e ds‘}’e{v%%bﬁéééﬁ |r? ﬁ%h&{ﬁgrétltl%gﬁ}eﬂshadgﬁ%% (I%{ragg%toerl;{% Q{Hcgiﬁggf@#ﬁl nmol ecul ar
Si eve- cont ai rdongonddts ot foan finaghied ehtalyscommntidion | Sidh pditicidsrraidsedbiddyforsi eve and
bi nder or cal ci ned pol ecul ar sieve catalyst particles which contain

mol ecul ar si ﬁémalﬁdmolijt%dﬁf‘t?n'l 0-%‘&9@7-enbodi ment, the invention is to a
met hod of maki ng ay 1R EEHEREatsly BB ALY SE Qm%ﬁéxjt i ch conprises
m Xi ng toget her ngbl‘ecﬁlggrl gs;ﬁeve% cl(gn;/% ni ng ra?tl}elgtl on par?elﬁlc es, virgin

mol ecul ar si evdecadapigverrosipanchty)ithejeare pine tordarhagesduedo phesicalsiresies o f or m

the mol eclgl arengcln?n greg gﬁr?rllg t%te manufacture of the finished catalyst particies or during the

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



conposition. In yet another enbodinent, the invention is to a nmethod of
maki ng ol efins 15 from an oxygenate feedstock. The nethod conpri ses

provi di ngw® @akedoyst conposition that contains attrition part/usdi@se76Vvirgin
nol ecul ar sieve, and binder; and contacting the catal yst conposition with
oxygenate to forman ol efin product. Thé invention also includes a nethod
of recycling nolecular sieve containing attrition particles to forma

catal ytic cogoosi tio 'I['he met hod 20 conpri ses recovering the nol ecul ar

si eve- cont ai 'Mﬁ’-&hﬁ%ﬁﬂﬁ%ti cles froma cal ciner process unit; mixing

at least 40% the feeRAMEIRoNTRIREM BhoIBhENSIGRMoAIMIRY afkitibh bhdRiRarticl es
with virgin nol ecul ar sieve conponents; and conpositing the m xture to form

-a catal yst cengostluings dubes maabfagture dreluning esethis insicatien prowvides aicaglyst tri ti on

particles have a 21§ c%ilahe%t, c_.acti vli t% thg‘;[e iostati | eq%,ﬁ%giogﬁ% Ofi o he

catal ytic actPUPPSHEH VEHE COBIPFESIBRSTRE ST g AP e AT EPIOPRE St ont ai ni ng
“particless | Fvirth BblRoulgestveah®binfal THeegal Mbleshlaf SBRO&IN irehdaayiedan
average particle dianmeter which ranges from40 umto 150 .m and the

mol ecul ar si éfBtienpartirles and/er ¢atglyty cngSi thermolgeplansigesreodpinmgedtidftonar ti cl e
di ameter of | gﬁl%}é& hc%ﬂ '1%88(86%%%&%103&’0%&?9&\/? %{1& bl%lfigr cgjrI c%ﬂ;?ﬁe%rmglfec&l?re catal yst
30 conpositi 8- G desite odi ment, € nol ecular sieve-cont ai ni ng
attrition pasievekatalysiompidleewhies softBiammaeculér. slevealsd binde¥¥0 4 | n anot her

desi red enbodi nent of the invention, the npo]ecular sjeve qQ the nolecul ar

si eve- cont ai ni ng &% #Rqthersmbedpment; the iventien 8de a dnathasdfakiBg up consi sti ng

of SAPO- S Tar : : : PO 31,
SAPO- 34, égAPg%g%sd‘,maéiég%Lét? iy@k@@%&%&é@%ﬂ%@éﬁ%@ %O%ﬁggnﬁg‘?w PO- 44,
SAPO- 47, SAPGicS6-conthminge ttititicropdrticlas, viygiromokectlaesiewf conarckents ehdir es t her eof .
Mre preferably. t nol ecul.ar sieve of the nolecul ar sieve containing

NLri bl on paptider-obhd BhdgRds e PP A 16 1 BOlsCalsh SPes PRI S ARG, 17

SAPO- 18, SAPQOI%?OQ%EOSS, SAPO- 44, and SAPO-47; nost preferably SAPOL8 and

SAPO- 34, including the netal containing fornms thereof, and m xtures 10
t hereof . The nol eduletransiley embeditieat, thsl ipvertion isiccamethod péimaking definsi ti on

particles.and the vir gin | ecul si eve can .have the sa f i ~amewor k
onposi & 18n S0 faoresi FacGrks The R R sRBREMR HoNgEe FONEL Tn addi ti on,
the catal yst c@ﬁlFsoéiubﬁ B4t comAitsiagieltin paiiols, Mgt dlecERl 816V €And baet;he group

consi sting of alum num iron, . )
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 catalytic 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 pm to 150
um, 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.



15 cobal t, vanadium nickel, silicon, and conbinations thereof. The
reaction process readily takes place when the catal yst conposition is

cont act edyw d2lnsvdae oxygenate feed. Preferably, the catal yspcposmeséisi on is
contacted with the oxygenate at a tenperature of from 200C to 700C, a

wei ght hourly space velocity of fromi Hi 1 to 1000 hr'l; and a pressure of
from0.5 kPa 20 to 5 MPa. The ol efin product preferably conprises ethyl ene,

propyl ene or a copgbinatiop thereof, Brief Descrjption Qf the Drawi ngs The
present inventi onlhpRqitherelepised @?quﬁla@ﬂfsqefélwnwltw&f e arRleow SgTE 03 Dot ai | ed
Descri ption I 191N : e : t i

dr awi ngs, V\hgﬁoé%ér?@dr&%’g %%h%&é%%gng% @g%@?gcsg%gtreé‘ﬁtsozrhgﬁ@ @T&ﬁ got}{éx’r%??% on
.particles frofSAPOeAcRARD-HSAPESS], FARD-18, SAPUS] 7aS4L0el BISARG-B0ery schene

Feacti on proSetehs ErfrOrd b3perad SeTtSh iR 2 cheb o, BAEAT e "
-recovery schempmi s Argiqied AODPTISHHT-58NEBE eld] So@indlgydims BREdILON system
is an oxygenate to olefins catalytic process, and the process includes both

a reaction umhd mixres thesgeh dvlencinsefeiahiv the motweular sisse pedhe mqledudar sifvet he

I nvention This_inventjon significantly.r.eduges the | of ar

Si ve- cont ai SPRGH atGeT RERGED EYlepteaieRay Bt oo B hEFRES He cor ai ng
to this invergiArgn]gsAPOIIIQBAPS-35, HNED-44)| and MATERHE; inbstGRéRtpS SRROL I Cl e

si ze which occurs durin the catalyst manufacture process or during the use
of the cat al y§tand $ARQ-34dnclyding thragis! contrining foumsdhersalk end mastugsse smal | er

t han desilbed tl‘feqécﬁl yst particles which exit the catal yst nanufacture process
or reaction process. Clunping is the physical aggregation of catalyst
particle material Theahole@l&Eigveads ehei moletidarcsdval opataining wktaitibn Hamigleger ocess.

Clunps are larger than desired catalyst particles whjch exit or are
rej ect ed froﬁpglﬂ}?e‘”’égé‘ﬁa’r {qrrﬁlﬁl‘j? & "Pﬁlge ﬁﬁ‘i“’t?céé@%e.w CRRPPSIgOR H’é&l’&ét al yst

manuf act uri ng,PLARERFeredt friinbivoik c%ﬁg)ogikieﬂyi RGJARNOEE 'éétagr%t &Jﬁgﬂu&ﬁ&al yst
d d si cal | to pr

conponents are conposited and physi y mani pul at ed ovi de a catal yst

havi ng a desicomgrisé @resias metérial agedehfomphe geup icessistifigeo{ abmmomnpos,i t e,

i ncl udi ng its gﬁioci ed v.erq? f.]tt]ers, efers to g}co ination of two or nore
mat eri al _5t h&CPHb VAradngg Rigklosi C%?Iij{.?o‘ 1 %anﬁ %5 n the finished state.
Thus, 20 in the ”Wh!éfr@é‘cfti%%r&fessareﬁfall}ﬂﬁléésaﬂlao%'vﬂié%‘tﬁ@@dtﬂy&'d&ﬁqp%@ﬁi@h‘]sﬁ1

attrition and clunping can occur as the catal yst conponents are conbi ned
and subj ect edoniacigd wittbe phyzsnsigifeqst dreforbly, the datalyst pamppsitienisi n t he

finished state., Thou ttrition may occuyr at..man ho~the cat al yst
mnut act ur | ngOpPERRSath @k b ss 8 o B leetbeetline s Yo LB Tab kv el

cal ci nati on. nd&rifspRe WelocRy of AP Mg tOMTAD Hr'S; hd at prdstR dDFrdiN 0 Wk RS

catal yst clunps are forned. This invention provides a way to reincorporate

attritioROparteitdViBs Theiolefin mpesiuctpreferdhdy eompréise athylene) nrepylpeaatia| es,

t her eby reduccioﬂl%inca%q!ﬂ}/%ot{ oss. Attrition also occurs in conventional

reacti on processes whi'ch Use nol ecul ar si eve-cont ai ni ng catal ysts. In these
processes, attrition is typically the 30 result of relatively harsh
environnmental conditions to which the catalyst is exposed during the

overal | reactB/f IREQHRRS. of TREDEavEARA! tions include extreme tenperatures as

wel | as mechanical stresses that the catal yst encounters. Attrition
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



WO 02/ 0S950 PCT/ L1S01120G/G 6 particles are produced as a result of the
harsh conditions in the reaction process, and this invention provides for
recoveri ngyoadalosodol on particles and reincorporating them i ng@r/as@abédsyst
conposition. The nol ecul ar sieve catal yst conposition of this invention
contains 5 attrition particles; virgin Mol ecul ar si eve; and virgin binder
material to hold the attrition particles and virgin nol ecul ar sieve

particl es togethe ot the purposes. of this..i B.on, . 1 jective

P rgin rerers ' BieachpySE B BSERret ohdhtns EERb R EietEl nea.

Convent i onal chhReieesctRnGyitBRi ik afakypeahtend ole€iad chrglytis pebeedshend ther i nary

pur pose being that of conpositing the various catal yst conponents. 10 O her

-cat al yst conpesesitisclades hotle p tepstiomvribandyyteggaratigh Wit uct ural ai ds, or

fillers which provide a particular catal yst characteristic, such as heat

capacity or added attrition resistance, or surface nodifying agents which

-control sfirf PeailedDesyriiptionadithe/intvgntidan certai n cases, a single conpound may

act as both a virgin binder and.a filler. |n any_event, at |east, pne virgin
iz igkention siedifinerty rodgiés the Io3p P bRgIERhIeg PleVecetRiBiient s of

bi nder or its equi : _ _ . .
this inventi @E'taté/r@tgeisbaereéﬁ%f alttﬁﬁiolﬁror @Rx_ﬂgﬁﬁ‘g?'A&c%%din d thidAeritff hitiforPel NG

desired. In gen , the nolecular sieves are cl SSI%Ied as bei ng
m cropor ous bed pinisalabddvacase iy &italgd paviclelsdzenehiok vechrs dwgnsthewetalyses. These

ring structures gcan have an average pore,size.rangi ng from about 15
angst roms.  DIGRRIANES Broprs o S g Be LM SRl B AR HP S eves 20
havi ng ang aV@ItﬁEi%ﬂfﬁftﬁ:_lés‘a%@srﬁﬁllér@% deBg&y @é@ély'sit p'ért@!&%ﬁi@kﬁ&xit H{e%ﬁ!}%m y an

average pore size ranging fromabout 3 to 5 angstrons, nore preferably from
3.5 to 4.2 ampsufashus pMisesserpeactios progsssadumppgdsitheghystotleaggtegatien ef/es
havi ng 8 nenher ri.ngs. nventi.onal. crystal Li.ne al un nosilicate zeolites
navi ng cat al SR EoLRATER AR B LR EEPEE I 0 B A AGRE MRS can be
used in the Wlagpd &e 1ebert thas désivée Rhtalyst parielswhizh @kit Stialt réReletl fdniat eri al s
are described in U S. Pat. Nos. 3,660,274 and 3, 944,482, both of which are

i ncor por at ed tresaéalyst lanpcargaEoce’pbn- | i niti ng exanpl es of zeolites which
can be enppl oyed i [ 180l [ ] )f b natural and
synt het i E:ﬁ) zeol i te?&%é@%@aﬁ@kﬁﬁ%@f#c@gﬁgﬁ&%g%la?rpggh gﬁé F@glpg%? %%lr uct ur al
types i ncl udedcurms tieecataydt @smpbneiendre cemBbgited tand physigahlgstiardplilbted tby W M
Meier and D. H QO son an ublished, hy the Structure Cgnm ssion of the WO
02/ 05950 PCTP0 9'«}29@@&3@%@6&%@% qasza%l_fﬁ% SRorBReTHEs. oG {987, the
descri ptions cghhykhies fhcﬁﬂﬁ‘n% ACQER951BA SEHIEHR, PerB¥ 16 §c6MBIaBion 4BAV 6€S
typically have Silica-to-alumna (Si02/ Alzoé). nol e ratios of at |east about
2, and have umré oratarjade thatdiosmetselid uhit 6hg.abputic®) inothe Finivhgd statenslhus, They

al so genepal l.y ,caont ai.n_ al kal i tal cations, .such.a i um_and/ or.

ot ase udland! BF TR T s mdlie TRt R Sl 28Rl hing ) o

cal cium I'n Qafltcul @s tHRWaRHRE céhiforfeisalry diBbiaed hnd dubjRfeditbeariee ite, it may
be desirable to decrease the alkali nmetal content of the crystalline

zeolite to | @bysieal prooghissto Hrmypartiglesindnefiniphad sratesThongh aflstion maywm . % and
fror € prefera%'cgurlaﬁﬁga\ﬁkgfeﬁs ?ﬁ@g%?t?%ygt nﬁé’%/mg?{emrT ’%%ééﬁ’l %ﬁj“g?(ﬁ gy content

reduction, as Is a e Co C nge with one or
mor e cati ons cegtribatoeslarerdoying bhad Caloupson. | Bud dufesulgf dluinpingf whhigs Per i odi ¢
Tabl e of _El emengﬂj (the Periodic Table o Eléaments ref_erredet@o herein is

gi ven i n2PandBBeRlyomopHeEAticatal st dHmPpRTEioERed. piP IVBEOThIrOVHiES ERYiteal
Rubber Publ i sk . LO; ey as well as
W th 15 hydr S CrP A RO oGP B Ty By stpitdles, 0 ¥
capabl e of cadmrebrysiedncing catalygidiossgyen cati on upon cal ci nation. Desir ed

cations include rare.earths, cal.cium esi um hydrogen, and m xtures
"thereof. |on- _exch?ﬁb‘én‘?’?eab??o%u Bc%‘felng%??gmcpﬁn PWéeﬁF?WEW Yfe descri bed,
for exanpl e, pmdleddiarsidv@lconPithingdckdiPstd 4B thekeSro&Rbes, Meitioh i dypicddly thod U. S.
.Pat. No, 1,423,353, the teachinhgs of 20 whi ch are hereby i ncor por at ed by
ref erencd0  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



Exanpl es of zeolites suitable for use in this invention include | arge pore
zeolites, nmedium pore zeolites, and snmall pore zeolites. A |large pore

zeol ite gawenalkbyy has a pore size of >7 |~ and incl udes zemt¥tsniiweRs such
as MAZ, MEI, FAU, EMI. Exanples of large pore zeolites include zeolite L,
zeolite Y, zeolite 25 ~, offietite, omeda, Beta, nordenite, ZSM 3, ZSM 4,
ZSM 18, and ZSM 20. A nedium pore size catalyst generally has a pore size
<7 ~., preferably fromabouyt 5 A to_ about 6.8 ~; and,generally the pore
apertures coﬁ%ﬁt@i/esé’r’e %fﬁg’ﬁﬁegfé atrBS“ﬁLté’,f%ber]@‘g’r%ﬂ?@i}loélﬁb‘bfh%ﬁ?cuﬁﬁﬁ%%’te% ring
structures angy ieinyestiddroviEfor McWeritdOattfidn }%d'r@ﬂes ERreitdfhol4thhg Exanpl es
of medi um pore zeolite include 30 ZSM 34, ZSM 38, and ZSM 48." A srmal | pore
-size zeol it etheasingo portelysi coanffosionabout 3 A to about 5.0 ~. Generally, the

ore apertures of -the structure consjst of.from.about to 10.. preferabl
Dbout 5. monber ed 11 APt eltip sE AR mbhigh ST Bsnlieb oesttindl) Usor/ 20676
"CHA,  ERI, 5 KFhitrili&Vpar@iBids; viAin Feaichlaf sie®; afd@®drkintander 280¢rid] €0 holglthele ZK- 4,
ZK-5, zeolite A, zeolite T, gnelinite, chinoptilolite, chabasite and
erionite. Thetitien pardieles apd wirgip meAeqarsicve aprtiskss (tpgeshess Fandpe purposes
titanosilica . -zeol. te. [ » Sleyves | IS
i nventi on. Dtgg?nrlse%{g tﬁogxhkﬂzeeagl’%gg m)+ cu’i%zlger%gol %a\i%gﬂg:!rogﬁog&tyﬁﬁphd& ntop
si l'i coal um nopérosyitiacd CEAR)iomd bedetsand shevafivabifaiieaned akeisi eves

generally conprise a three-di mensi onal m croporous crystal framework
structure of PBagppuPpseiesne hatofqomppsitiae tesy vasions FHalysltononents units. The

way Si ispin X W) . 1 1 MAS
N See T achha el chlb s oAb G B dePe RS BV OH 88 | The
desired SAPOwhitlemolae agiaetitedarwatalystotfardsidristoesuch astheat cgmaky of addede 29Si
MAS NVR, with_ a.chem cal shift. 8 (Si.).in the range of -88 to -96. ppm and
W th a combi AIRBERIAES T AUITHE OGRS ter VR EL ol SR SHETE ol poak
area of all pemksy. vmtcert%ncca@ﬁ} @ghgllafab&b?&u{ﬁhg athhs b efai@gﬁlbm‘der&%iavpm to

-115 ppm where the 8 (SI) chemcal shifts refer to external
t et r anet hyl sifilleneln(anyByvent] 8t least pre viegin badlet biits eqvévadént iscreghived. nophosphat e

nol ecul ar .sieve used in this.invention h .a relative |l ow Si /Al 2 ratio.
" gener 45 the I REm i g sSmpbRte BifisTalediidh pif b exitesdr bt e
sel ectivity, zBalitkd, GHitddnyzdolioR deRgeRERM ITHigkYeral, theaNoleXSEI@IcE afONVer si on
reaction, particularly methanol conversion to olefins. A Si/A2 ratio of

| ess than 0. GEssifiedasbeing micropproys makrialsimvingtd, 40.08r I3gnergberad Bpgt han 20
0. 40 bei ng desi . S i . - 0. bei ng
particul arl y%‘%@?&gd%ﬂ%e%frﬁé@ %fug S"la%hglfl 9%1%1?%{%'3%%@%%%%%%?% I's most
desired. Sil iaboatl Srangsipdras phadiredred the sinall ppreaweszeatite geleenlat digves| assi fi ed
as being

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 zeoliles 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 croporous nmaterials having 8, 10, or 12 nenbered ring structures. These
ring structures can have an average pore size ranging fi~omabout 3.5-15
angstronsw()?@/daeﬂi red are the snmall pore SAPO nol ecul ar sipygeshi@sisg an
average pore size of |ess than about 5 angstroms preferably an average por
a size ranging fromabout 3.5 to 5 angsthonms, nore preferably from3.5 to
4.2 angstroms. These pore sizes are typical of nolecular sieves having 8

menbered rin er si |.i coal ymi nophqQsphat e I cul ar sieves

Conpr | se a moREEERa 450 R ARagHIOTR 18P B SSRHPYNY QSO e ALOD] . and

[ PO2] tEtrah%o%orh't@&hérem-rw&fér&% of framework is effectl ve in converting
vari ous oxygenates into ol efin products. WO 02/ 05950 PCT/1JS(11/20Gr1 9
.The [PQZ] t et rahedealites typicallyihain silicdrto- ilummﬁﬁdDMAl&Ors)mmlﬁmnm‘ oftdte

nol ecul ar si eve i,nvent.i.on can ,be ro i of

Commost 11 ons Cegichspl Sg iRy e BULTROLR B HRE RS & LEBogi T 8hs i ncl ude

-phosphori s adqihgy aRb rﬁlli)l%iﬁﬂﬁ allQS nsdislltaBons, EucBlR¥bdiRRPaNGpRtassiimh
al um nophosphat es. osphor ous-cont ai ni ng conpositions are mxed with
alﬂfdll%ﬂ ‘i?m?l

reactive sil jagdnr roetRlaHoRs, ﬁmmsmé%uma@d@rml@énntk@rdgpr opriate
condi tions to,formlne ool a;ﬁ%%cﬁ‘{}xr ow gaecgﬁg Jfﬁ%}? flés?égbﬁgg%@ea#%és W thin

t he frameworK slt%ruc{ ure ¢ onpositions

Exanpl es of tan@aenahlwmwnﬂbﬁmeb@lsmm zkeht@aanms tHathSutifﬂWt Ydepreferablynum
al koxi des such as al um num i sopropoxi de, _al um num phosphates, al um num

hydroxi de, sdessdhansabgr hat.eo, fﬂﬁdn?@é’mf%bb’l lgy$i than abew 0 3| Wit huﬂh%@mlhl ni ng
conposi tigns n%t%e%iéﬁgre‘&héttbnr Qsaﬁtlén&%n?ﬁ SR p%eggl‘?&f&ﬂ% ' ni ng

conposi t| ons un ropriate condl i ONS ormt ar Si eve.
15 The [Si 02]w1tlﬂbrfe’othed(l$ralcamklmstssletzmeﬂ iiom thb &ronpsiEBatinough Wmﬁtotﬂtm can be

provi ded by var i conposi of these silicon-containing
conposi tions Heﬁhﬁﬁfé‘% fidemengs gh%.ﬁ %ql‘FE?gl?erH? E lemegys Tgatred fe Rt et r o
ethyl orthos 'r%n‘e?ﬂﬁ ?Ian?ﬁﬁ&‘okséf* kaeﬁﬁstﬁ%’?d@lﬁki&g ;ﬁfBHH%%l'Hy' the @héﬁa?caﬂkﬁ@é’erw th

reactive al um num and phosphorus-cont ai nposi t'i ons under th
appropri at e Zoblbighiog Coompsny,&léwland ﬁhloméﬁ‘rb&dlmn dbed)eas Babhss ivitht ed SAPGs

can al so  be din this nven se. conpounds e ly known as
VoAPSOs 35 S SrongR s A g BB R G LR b N s AT Do

al kal i metal cofgsioli®H BydrByen @Atlk)ﬁﬂuﬁ&?czﬂ@hﬁﬂ'bm&sﬁleﬂ@ﬁlt%rfs(ﬁi&l@e fated) , rare
earth ions (Goup Il11B, |nc udln e |l ant hani de el enents: | anthanum 25

cerium praseéatysmic ahﬁumewmlum whingan anchmigtiressiberept. gb)@rﬂwhangm terbi um
Gyspr st gl SR STH Ak 1 BLIRAE SR LU0, 300 goerdlum

or yttrium tron i"on calonso , VI B,

VIIB, VIIIB, 3amd) A48; URS . afae Mo 13y1,42105¢ aN&U@W&SI%\tl&lBtmEﬂ&ueﬁha@sZﬂ My,
Mh, Co, Ni %H 30.Ti, Zr, Ge, Sn, and Cr. These atons can be inserted
into the2Petr %F@Ihqqﬁ%%ﬁ%a@ﬁpﬁdﬁﬁreﬁcT ‘Me02] tetrahedral unit. The

[ Me02] tetrahedral t t he

val ence state of t]?%m th"l*zébl sst ﬁlﬂggrﬁtﬂ &%\}\fbﬂg%%ﬁ% ﬁﬂ@lﬁ%ﬁﬂ ngI.)LélﬁgOGYG 10
Wien t he met aeokitespoetimn porszealitea) adcaalitparezalites2 A lagge pote zedlite or +6, t he
net electric charge.is between Inco ratl on, of

Corponent | 5 SEPRPLRAP S BEE SR S HE SO B COhBOMAR: ML ng
synthesis of pAxg PRITe Atiladpl&i TR ge PO ESTites Hﬁﬁide%&ﬁt@?;%éolit@‘? gadif@nge can
al so be used. In post 5 synt hesi s exchan he netal conponent will

i nt r oduc@5catX.crifetitet mbm%mmmltpﬁﬁrb ASMath, EBMopBand AISMVAGE. & t he
S11§coat um ndbrieRhr ST AARITRE 4 baiF sl < dbaeoty from sbour s
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



SAPC- 8, SAPO 11, SAPO 16, SAPO 17, SAPO 18, SAPO 20, SAPO 31, SAPQO34,
SAPO 35, SAPO 36, SAPO 37, SAPO 40, SAPO 41, SAPO 42, SAPO 44, 10 SAPCO- 47,
SAPC- 5b, twaoep2redsal contai ning forns thereof, and m xtures pdpusafweioesi red
are SAPO 17, SAPO 18, SAPO 34, SAPO 35, SAPO 44, and SAPO- 47, particularly
SAPO- 18 and SAPO- 34, including the netal® containing forns thereof, and

m xtures thereof. As used herein, the termmxture is synonynous with

conbi nati on i i.dered osi tion, of tter havi t or nore 15
conponents i %%ﬁr%ﬁg\éfwm‘nﬁ&jﬁ?lﬁ gksmey pqrﬁéfcflﬂf)ﬂﬁfi‘?dfﬁ' tate. An
al um nophosph®ts, 461iRA, ABliRay |gﬁ{eliﬁi_t@,\6ﬁixf§?filoﬁte§ ehdMRsitdldUgRAitk NThbe

catal yst conposition of this invention. um no_ghosphat e nol ecul ar sieves
-are cryst al | zeadites eanarorcompriox galbosiliates and titanpgilieatesn A1P04 franmewor k. They

can have addition el enents wi,thi.n the f.rapework, .t.ypi cal l ave,uni form
e 20 drmans! ondopszeEiTihiedlid Ndbet 0 ALPREVSK!n uh RivERion! P&t
-and are capahbgzedlitdeloldoitir Sict& £€kkicbilMRirPRespAkicGRAPON) nBlERL4t ar speci es.

More than two dozen structure types have been reported, including zeolite
t opol ogi cal &1¥EFBRURO mRleaylas sigregnetallycomipripe # Hreoinggysiosak kgr ound and

t hesi f | j ) . 440, which
S o por aleogRaR ANk GSw b e bSO, [AT8L1 alipgl) cfle® (P 1 €
st & uZ }_ lFJ) rOe Z GaSI?_aﬁﬁdg/I;f\arﬂledMEﬁﬁsl I Thalvrey ?i&s imbﬁﬁr}:&éﬂli imgfatsﬁﬂcmﬂ_ﬁﬁb%i ALPO- 37,
. e . n | NC e.a SuUps ue n S
? P anmewor k. pﬂ@f@&?@ﬁhg,y %&‘iMﬂ@ﬁRi seg @W@ﬁ%ﬁ Satq e )aé)@u%%%n%,su ng of
. the™ , . 4 9!
magnesi ”?3 gggls%pg%g% "gl‘(ﬂcgersu POARPD mBRELIET SLeE %ﬁug{agbﬁ%c o Rrepamierials

preferab ption, ion-exchange an r catalytic properties
sinmilar to alimthedt&iMASANR, wvithmicheminas gifite(Sarid thed tangemo B o Mspns phat e
nmol ecul ar sieve conpositions. WO Q2/ 0S9S0 . PCT/ USO1/ 20( 7G, 11 nbers of
[hi 5 ol ass oAl MHGHCCHLRSTEEK 8ieadh HAGEGE PEITH 20T o Rk 58867, 029,
i ncor por at ed opgn gkdkskyitd £ERMABARKITS (SiFinGhé Hn@t ¥f -SBHnRS Al 5 GpAL @i ni ng

ALPGCs have a three-di nensional mcroporous crystal framework structure of
M2, A102 anavheGrthe ét(Paishemishl difts rofer Th externaktegamathyisdena(iddSst r uct ur es

(which coptain teppl ate prjqr, to,.calcinatiaon) can.,be, represent.ed .by

ol 11 catchen calt & QRIEa PRane SERER AR Bt BT SRLEBE YR A yp2) 02
wherein "R' heRhesehiv @leldtiva§low /A G8bI tn baRllatht OvadraSi/ALesNt in the
intracrystalline pore system "m' represents the noles of "R' present per
nol e of 10 ( KseaoyrriheCidpasafimatensaleativity grar¢uitly RippaneeBCaYity, iid akaxi num

val ue in eac j i Lons h

{erpl at ng.- agRHERis Rl a4 R SRl SRl LA B oillns. 3€. ¢ ¢ e
particul ar mSi/al, atiowf kepthas Plestie dedirabley edth a"S{fAlL tatio,ofabdgteater thapr esent t he
nol e fracgfions aof . the petal "M, (i.e. nmagnesiu apese, .zinc and

cobal t), SQI u@i‘%ﬁ?ﬁ‘% S8 ’ﬁﬁeé’g’/&lb?floroégﬂg%ﬁ%ﬁ? Hgg&é‘rgtpaé%"“haéb’r ahedr al
oxi des. The r&%§i?éd.9@5¥/ﬁlz%ﬁ&oﬂd?%ea@ér%m isﬁ%é]@l‘égif‘eﬁf ed to by the acronym

as MeAPO. Al'so in those cases where the netal in the conposition is
magnesi um the aciSoligoalumipephiosplatpmokdulansicyes acoggesllyi dassif@dms beingy ZAPO,

MhAPO and CoARQ lied to.t iti whi tain zinc, 20
Tnganese andugspaes PR B el 1900 o Bore RSt AR Thefel o
speci es whi cRirfi@kes ¢in BaehiniveiaBe pstehRnendife GbasiRat MHHG angdfihs. COAPO and

MAPO, each species is assigned a nunber and is identified, for exanple, as
ZAPO- 5, RfPoDesiredyamiss gualhpere SARQmoleculpp sickss Hay sl anAvAGSh peystiageet

I I i I . Id. | i hod
gencr al Ly knoun Ui BRESHERUEE bipeitny B BT Rp b BRE A BGE" T OO
4,861, 743; 5,300, Béhstrauns, horkdoe 8By fréra 3refohi2iangtron®.l Theg mie wbésch are

fully incorporated herein hy reference. A reaction mxture is forned by

i xi ng t oget & ypisakel weleeylpn Seres haying S musmbeied BR&sphor us conponents, al ong
with at |east one hGERAL GriefRRAORAE midatld: RviddhpddiutubBaigal ed_and
. heated, preferably Onder  autogenou plpessure, to a tenperature o? at | east
100C, pr éfer dinmevarbk of dGOE-harifd (R0, 1 HAID, ).and POt jaktraledrgd modsicThis s f or ned.
Formati on of _the stal | i.ne_pr.oduct can take anywhere from _. WO 02/ 0S950
PCT/ USi | 1/ 20ORE FFHBRATe IO THGY S M St RE IR Srgerales A PlEHie cases,
stirring or ickd Wth crystalline material will facilitate the formation
of the product. Typically, the nol ecular sieve product is formed in
solution. It can be recovered by standard nmeans, such as by centrifugation
or filtration. The product 5 can al so be washed, recovered by the sane
means, and dri ed.




As a result of the crystallization process, the recovered sieve contains
wthinits pores at |l east a portion of the tenplate used in naking the
initial rweakjoessom xture. The crystalline structure essentp@Eiisi@es
around the tenplate, and the tenplate nust be renoved so that the nol ecul ar
sieve can exhibit catalytic 10 activityd Once the tenplate is renoved, the
crystalline structure that remains has what is typically called an

intracrystalline por stem I n many. .cases, depending upon the nature of
the final product Eﬁ%&,@%}et{q%drpg%ﬁé{; IHE]F %@n‘?"@‘i‘fﬂlsgt“g@“’f%ﬁ% eluted from
the i ntracryafopdchiaPiePObLhiyinl&ifon cn Eé'ﬁfbfgdeﬁ%'%fea varie®y SEciRhRkRioR&N be

renoved by a heat treatnent process. For exanpl e, the tenplate can be
-cal ci ned, or Essmples pEihese pospheseecqntiininglvempesitienciaclutde ghospygeacidont ai ni ng
gas, by contacting,th enpl.at e-.cont ai ni sieve i.n the presepnce of the
Oy gen: cont apreeh TYAS AN ety e bl arf Ao PouRableT T G00c 1
"some cases, bhospRYrols coffiniidtotnpositid8Rhreinfix8d waR EABRNERIcohayd ng a | ow
oxygen concentration. In these cases, however, the result will typically be
a 20 br eakdoahnufumisentamigg eanapdsiions snearite am@mmmrsi}tlmtthéqm%gn by the
conbusti on PLOGEsH, ngﬂés type of process can be used for partial or

conpl ete renoval "ot thé tenplate fromthe intracrystalline pore system In
ot her cases, w t hTaepAIGB] tdhahpdral@sts vatptietfantswqRsiruatirer@aadeal fromthe

si eve can be acconplished by conventional desorption_processes such as

those used i RIAvidediy avaristypfrenposisigns. i Bxamperof tBeserd WRINKIREQWANEEN cont ai n
one or e : 05, : I L5 Is fecting
agents, Tha FomreaE AN AP Rke H oF a S ol o,

hydr ogen or aluocdndon phosphates, edureimiim layridoxdde) sadism adomimta) and | east one al I ryl

or aryl group, with 1.to 8 carbhons bein resent,.in the alkyl or aryl 30
group. Mxtu B%eél\glﬁéoetl%teo ﬂ’ﬁﬁ?‘gmfllé’ﬁ‘b‘lo&faé'gng QWHB?%Wear‘.FTP%etﬁir‘é’éh fﬂamﬂ‘f%/f erent
sieves or pregiesh E&?d"ﬁﬂdépm%%%r%ﬁ‘ﬁi oSifiend SRR} aleSipRopiRiconliftdRg! ¥

directing than anot her. ) 0a9S0 PCT/ US01/ 20G/G 13 "Represent ati ve
tenpl at es i ntd fodm themokastlay biewgmoni um sal ts, cycl opentyl am ne, amni nonet hyl

P oxy ety an no e pRbebrESr B Bl iE oA E g b "

i sopropyl am peovaded BNirRat ddbsnpobieiof9f Exddasits etthtREliRhadnaitng
triethylam ne, cyclohexylam ne, piperidine, pyridine, isopropylamne,
tetraet hyl asombpsitionssa¢lnde siicaodpandaiigiam allsxides suel asdstre pykof . The

t et raet hyl at S.:i: nel J.etr : J: ) i.de (TEACH),
Lot ot hyl - annuR R SR P L LR Mo P B R AE et i
amoni um br alindeumtaed phedphytusaomairingeahpaitiche untdatthaepgrygpriasmoni um

acet ate. sired tetrgethyl 10 a niumsalts are tetraethyl ammoni um
hydr oxi d@ggnﬂo? f‘?’?a?éf’% _ ’éﬁ%‘ﬁ?%&lﬁ%hat e. The SAPO nol ecul ar sieve
structure can be glfatky 8P ARbIEstEinHisGRRLBAL T8 Bfpheil at es.

For exanple, in a particularly desired enbodi ment, the SAPO nol ecul ar sieve
i s manuf act uamsdgenstally kaowe ap MetAP SKndrimetel-eomtaphing Silitedomizaphiosthptespy | ami ne.
This conbination results jin.a rticul arly desirtabl e, SAPQ strycture for the
conver o on. of bRy e bE et el ipns S terBr i St e LERED ® 1 o
l'ight ol efi n3[Quehe aaticbhy (GRep HNH, REREMAACIaniahRIEWdHendd: eMEhanich, cat al yst
units may manufacture materials in a batch or continuous process. 20 The
ol ecul aBS si €o@wmy praseodymivm.epdyraiin, spmaremn pguspripah pydodingae.dembivie
particles. T al liine p i.cles. ] j ] ecul :

Si eve- cont ai nﬁﬁﬁég%ﬁg’ﬁlﬁ’é}}s’}%& %ﬁ#ﬁéﬁﬁﬁg’#’&“ gillb)égnqg}r% g:qlﬁtrlrr@%’ aglhdcf@%nd\lllfl}]é)lrn bi nder
or binder equitviah@aihd tHeedait@hhltrankitien Rhtkdisrof Gibes BBIPB,SEB, WAIRr , ei t her
_introduced al o%wig&h or added separately to or in adm xture with the

cat al yst conﬁ@ pad IB.q provide the 25 m xture with a desired flow
property, such as pyl It ] i pl(}%s r sed and
_dried, formng parpﬁfgﬁ%gg}’g%éhggd gggfé %E‘?‘%Aeémﬁlﬁgzﬁm ﬂ%@ég‘oyyﬁeé%?‘;i ng
process 38 r dfigin, 6d, $1 aad Ga. Thesestteds cat tad insdrteddntoithe tetrabedrale it

i ncorporates the nol ecul ar sie nd ot her, c eqts. Th i r.gi n_binder or
i va ent - odubteak fiyouda e gl e - AU CEO ool bllitriey
particles w thepelehificlcRs @ngﬁéﬁdfd‘grﬂnsthé‘?a@ﬁéeadté{e?bfﬂférrﬁétﬁl! Sbbpg&icher . The
finished catal yst particle itself nmay then be calcined in nmuch the sane
manner descri bed above for the calcination of the nolecul ar sieve. The
calcination of the finished catalyst particle can be used in WO 02/ 05950
PCT/ US01/ 20G7G 14 |lieu of calcining the nolecular sieve to renove the
tenplate fromthe nol ecul ar sieve, and nay be perforned to provide the
finished catalyst particle with increased hardness, or reduced density from
the further renoval of water or tenplate trapped in the finished catalyst

o ~ O~ 1 Y o T



10 functioning reaction system Ml ecular sieve-containing attrition
particles fromthe drying step of the catal yst manufacturing process are

al so conswaedxagesn rgi n nol ecul ar sieve. In such case, the pti/kélDe76
particles are, at the sane tinme, nol ecul @r si eve-contai ning particles and
virgin nol ecul ar sieve. Ml ecul ar si evedBnt ai ni ng clunps fromthe drying
step of the catalyst manufacturing process are 1 S also considered virgin
nol ecul ar si I lar .sie t al i N, for Anp! ttrition
art ol os of LfensS Bl BRp R RbTL SR P BL A2, R SEE TR,

cal ci nati on slepicdhatdeds betably ST anthr ) f mebrpoiafion pf drasdtal coagHoneit isonsi der ed
as containi ngﬁ;/ii rlgi n nol ecul ar _sieve. Virgin nolecular sieve will generally
-have a dif f efwn¢ally pegempyshed gAding theapetpl gqreponent during sypthesisobieecul ar si eve
t hat has bee ik Zeg | 1 Wolall L i t

Simi 1 arty, R g siev e bl bibolnlaE o RLhihel SR ORe BHAH Bfoort,

-cat al yst fanujathedis exvhapgey degnetalotonigoatntobilldnmnedlict catiornsdantpdbm-exdhaagd ri ti on
particles or clunps fromthe catalyst manufacturing progess pr, for to

cal ci nation ipgmegfﬁ%?t&w@an w‘!farf:@w? IS THRIEF U 7 G PSS dragiepgricit fnder or
equi val ent | oses igsa@le sﬁfébélhﬁ]}{ncﬁaﬁo hatl HElecl18r Qe ileiMe SABbI5 particles
together after it has been subjected to the high tenperatures associ ated

with cal ci natSAFI0-8r SAPOekc SARD-$§.3ARM-1dnBAPEO- Ho SAPERS0 . dBARA-31 B4PR-bi nder

or equival ent, ,a i ] lGi i oGe r reaction
system Rat hér4: ééﬁbﬁﬁglsg%éi ggrﬁgf’%@%gdg@@aa‘&?.smhw‘%éﬁ’ S‘gﬁ@cﬁf@nt in the
met th. and C(SPH@WJ ORPOL54 Hiesmét_bll\/&zﬂtdiﬂﬂg f&ﬁlsfﬂé}eﬂ?hﬁ?hﬁ)@ﬁré itlfé‘r‘&fconff ai ni ng
attrition particles froma functioning reactor system can al so contain

erosi on mat edPesired aredARGd 7y BABOOIS, S edd, SHRQ-E5nbbBOHM, and BAPBe4 et al | i ¢

or non-netallj i u t L, nt er nal VO, 02/.0S95Q. PCT/ US01/ 20G7G
75 const ruot PETeBFEBRER AL B AreF ah ThE R ts YR PR E e

i ncor por at ed théit6f, hitbmatttieh tHe@ddfP Ak uk€d B eihihe WeHh @ORtRGE syifoniMeucat al yst

wi th the conponents of the r eactor system  These erosigon materials include
al uni num ( partitieeAraRination apgiin egnsideresa couppsition of G ANING k@ MO | j con
(particuliarl i . : [ ! : I; jred in this

i nventi or%gt hé{l;t0 Fdtp h{é&ﬁ%ﬁl%ﬁr&g?ﬂk%%@l%?rggﬁglfeggéftclzlglrrlIrp g}lgﬁléarllgﬁg‘%t rition

particl es i ncor porfat ddmimiphospghatef (AdiPO)enoleatlal siste caantsb bk éndieded ia the

nmeasurabl e catalytic activity for nethanol conversion relative to the
catal ytic actP 9cgpp<?s|4éorwfrt ’ishl}‘f?ﬂp%uf‘g-lm‘gp&):@ﬁ%%moiﬁw {8FVESA® t he
finished cat Wﬁlliﬁhﬁdr%&o%%%&gﬁ% lkéh hdvB%noape), Yx_%%ne%ﬂ&.VT}?e)ngaﬁ_“ o of

non-virgin nmol'ecul ar sieve NV relative to virgin nolecu Si eve
(VS), k~s/ kvdave hdditichabeleatentserigttin dixcfiam@vak, typisely paefwrifoninpoat | east

about 0.1%, apd nost desirahly.at. least about, 0.3Q. The catalyst activity
fatto kel klmpBTo et e POl L AR R b HendiPrsShE dRy 20 peia’in
a pul se-type dapatté of makipakk Welecthe sepirefictisid nilt@larSheded, iMbieythdraéwe, 50 ny
of virgin nolecular sieve or non-virgin nolecular sieve is 15 | oaded into a
react or t ube,doRehStHIEIITS tyiies bavelbeepmenprigd, ipgluding reolits tonmegical pBAGEYES. The
catal yst is fj : i i and greater than
one at rmspher‘%EI%:reeé"gstgl?éede 8@%&3@3‘&@%&%&? E%gﬁ(?ﬁgﬁhceggggyst is subjected at
350C and a vatwninoplospbatgs 8dbwmid AR, B4R ot 4B 10,441, whitdehit idcolgoeated Then one,
3 mcroliter pulse of substantially pure t hanol is passed acrqss the 50
my of 207%i rd}emﬁgyé%falreaﬁegw*&@tlw-nﬁﬁﬁmﬁ%&mwﬂsaw FePe: Alditr t he
conver si on ofy MRy peNes Ap@eiCATPRESs W RHAkYALPO.3Mahd AR PRYIE aDI € gas
chromat ograph, "a porti’on of the total vapor product bef ore any condensation
is allowed to occufhe A PGs car dey inchide inmmtallsubsitiend irrteframewodd, and t hus
the catal yst ,activity index.k~s/ is.determned.as hi( 1 - pethanol
convey ai on skt R RRET iSRG Jrort S el SPeauREp bpheesiuny 110

et hanol convfirpafesef £ia6,ldobilt, Wl RelxtkdsGhdtedD | Tfetd MhatcPinR\RdferabiCex@iBit I ti on
_particles of this invention should be of a dianeter effective to forma

fi ni shed 30at sdyerptipmrien-ckehange arsbier cgtadyiicf prepertips siaflprtoralwyinopidic#ar dness of
the finished I : ik abl he fini,.she i of the
present. | nverft Bk PEE 28 i anfoprooRofeUR H8le ARG o\ or age
particle dianmeter of 30 between about 20 m crons and 300 m crons, nore
preferably about 30 m crons and 200 m crons, nost preferably about 50
mcrons and 1 SO microns. The nonvirgin attrition particles desirably have
an average particle dianeter of not greater WO 02/ (15950 PCT/ USQOL/ 20C76

| 6 than about 40% of the average particle dianeter of the finished

catal yst, preferably not greater than about 25% nore preferably not
greater than about 10% A preferred nmethod of determ hing average particle
dianeter is a laser scattering technique, but mcroscopy and o_t_her

. o o o L T o, T L T 1




10 invention. A nyriad of other finished catalyst particle geonetries and
sizes are al so acceptable. To add strength to the finished catal yst

particl eswgdéssadot rition particles are desirably substantipdtys§iregcof coke
(i.e., carbonaceous material which formi on the catalyst during the
reaction process). Preferably, the attrittion particles will 15 have an
average coke content of not greater than about 10 wt.% based on the average
total weight ,of th tri;tion,particles, nor r.ef er abloy,not. gr eater than
about 5 wt. o e g ioias e AR el B SRR El T ROt The Coke
content of tHes6A029] Incoporasd heptif byirsfelungbritd didifetglesi red, some or all of
the coke can be renoved by contacting with an oxygen containing gas, e.g.,
air, at a tenperatibeanstd) copteining AREOH hayep three-dimassiopakmisroner@is For

exanpl e, cok 1L .Gl anhe it 1:.ai

Compor ai ur e o Bty ARe BIE GEMGE RIS R R S Tkl ) oy
-of coke i§ remwvédturdhsridures(vedclc edmdiy s¢mysifitetphios td ¢alendtionl carsbepr ef er abl y
formed by mxing the attritiaon particles or clunps _and virgin nolecul ar
sieve with alSAESRPARYFagrieal ghemical samppsitigg. of 3 W drQys Pasitngdhe fi ni shed
catal yst particles. Although it is ﬂ@%Mﬁ@'Pt Q)zm' X together the non-virgin
or virgin attrition particles or cFu' sxvmytﬁ) virgi n nol ecul ar sieve and
vi rgi n bi ndewhereie§Ri’ vepiresetitstad lebsirame ohganaatemiplasing agdére pedsemtiinition particl es

irie. By moibiraa iR Rt 3 SR P IR LI P aiebel

silicon, 180 QM{MYP%D@%H@ hROD§ RO bEFoMPIROBYN, The AbMAGMWAIe & edcBRade ONE

tenplate, used to formthe virgin nol ecul ar sieve, as described above. An

appropri at e merengingupoathe molagnlae dimagngionp pf the dempletingjagentrandeibal ar si eve

w t hout signifi. tl WO 1 05v50 PCT/ USO1/ 20G(G 17 .affecting the
attrition garaf’ pﬁq%Zechch;glupggﬁﬁ{w B%F%y%%mé)yﬁber%&(ﬁ% n&ﬁtalat triti og particles
and virgi n mahggivbgtiosphaY ivoSRay et “enand i epgssietHeansic Gabtihe oftes.

Exanpl es of conventional nethods include, air drying, heat drying, spray
dryi ng, fl ui ®eddMedl ¢iiyagagsiugy Mangenass FEeianh solat) alymipur t hereof can

be used. e NV : i ' ; t he production of a
parti cul éshe ?@?{)‘%‘Rﬁﬂbr S}éée/lctug%’é@%gé&??%%ﬁgﬂ‘#%%i%l}is&e%i n fluidized-beds is the
spray drying proceéds.mekil conpuing A3 POsardaemetmngsirefeadd toby the aproagiacdsi on of
various catalys partjcularly fluid cracking,catalysts and .catalysts for
converting o}\é@éﬁgt é@sq]g‘tgq)sgfqa .W@&%%fﬁdf@? HB.tlEﬁgl%‘Fp%‘t%ﬁ’llH@nber of
advant ages oyglenglialiraticRily Rl MASE REBLAL RPAShI GG il DA OCeSSes.

For exanple, spray drying c be readily scaled to comrerci rodiction to
produce | ar geMgdBOtantliGesA RSP a appbelliotthe Spmpgsitthmg iwigel eomitdin zaces t he

addition,gf other additives and reagents.ta.the conpositjon sSince

2ddi 11 ondD r e e edgRoPeshidlath eyt OF yRROR RSPl SR ay aryi ng.
Spray 15 dryivigcit kel eadhr hdIgibpaidric dlRsesMARCY ZIAPQI T IAFOhed ze and
shape. In the production of fluidized bed catal XStS’ the uniformty of the

particul at e pYiBAbes cachsneaies is gssignsd gvaanbsr aedisddetidisdniot exdmple.f8 foirn of a
hi gher produ hal ) S tional spray drying techniques
can provide Cniepé%lq)?’ gdﬁ%(g lgggéé%fésé;faeq%%%ﬁgarti cles having a size suitable
for use in a flui dilesiliddelmihoplossiatefokasiassievdstatd gyntliekizadyy of the spr ay
dried particles need to be discar %egsdas waste. An exarlt_PI e of a spray

dryi ng plz_éceé’é’df‘gh% ?laéfeHIZP%owst 0 8‘?“6}%1}’_1@9’9’36{1{4?& 138 fPéscr! ption of
uhich IS | nCOLRAPRL & N12aeNL:DY ARGRP1ANGR, 74805 BOPKOLERA sUBRBRNACT d stabl e
surfactant with §i T ca-sol " binder ’systémio provide nolecul ar sieve

cat al ysts of rséthodsfafesakingofl whiclhaedulip ingpoglorgyd hereindytrefarence. and 25
attrition resistance. Therfaci d, stabl.e sur act a?r}t Cﬂn be .added t o, any one,
or all, of tHEEFORIFXYYE 9”%?%9’0‘_??8&‘.% CBRCPUERFrY e a1 YRR ca sol
slurry, the qihéspmﬁsrdompoh&ﬁs,?émgnwml ANIAROnetehBPte ! Geddrtily the rMlivn Ot her
binders are suitable for use in the present invention, for exanple, alum na
chl or hydd9l , mxgIrels serled and hedtedh prefenaplynmdesautogenowy pressusgs 9 eal | y

id d fill i I . i I .
i nder -ana tPrfae B iR PR Pkl i FAB IR ah ot hF iRtfisieh s~
al umi na chl orghygic s om0 FZkBGSGr RETH B 39T BeAPaft by HERL Boiral S can

al so be added to the m xture containing the catalyst particles during the
manuf acturing process. Such materials can be various inert or catalytically
inactive materials, also knowmn herein as fillers, or various additional

bi nder materials. These materials include conpositions such as kaolin and
other 5 clays, various fornms of rare earth netals, netal oxides, other
non-zeol ite catal yst conponents, zeolite catal yst conmponents, alum na or
alum na sol, titania, zirconia, nmagnesia, thoria, beryllia, quartz, silica

o o o, Y —yr o o




10 during regeneration, densifying the catal yst and increasing catal yst
strength. It is particularly desirable that the inert materials that are
used in twe @akedoyst to act as a thernmal sink have a heat m@pesiiizgeraf from
about 0.05 cal/g-C to about 1 cal/g-C, gre preferably from about 0.1
cal/g-C to about 0.8 cal/g-C, nost prefefably fi~omabout 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 t co Lt t hey n epar at e

mol ccurar o EaRd 2R3 s FRRRATp <R T DRReRERT ehRuk B e BRe R
desired. Strygistaliale hatped will Betliate o f@nmibeobiRprodwRyes that are suitable
for use in this invention include AEl, AFT, APC, ATN, ATT, ATV, AV~-TW Bi K,
CAS, CHA, CHI, DAGypiopy, thepmolecar sigye piodyctpg-formpgin sqledipn. Trean goN,  PAU,
PH , RHO i tut gr=Y . =t ur of

medi um por %ﬁ%&éﬁ?&?@%@%@éﬁéﬁhgtﬁg‘}} éﬁoﬁuﬁnaﬁgﬁgaf%lroru%s}gyﬁl&tﬁ#esﬁr ?‘%\%nti on

i nclude Mrl, chfchlso M WasliedecMieted biEthie sklBR meARE anddtied. TON, and substit ut ed
forms thereof. These sml | ﬁnd maﬂi umrfore m)%ecul ar sieves are described
in greater detail A5 TRt oithe crysiellizatipn Process, W8p rerovehed SIoYS peUaingy M Mei er
and D.H O seamiBil bGEVRYIER: BBbRRARE thoefhpBll useh 3 Makiddand il e _
description of which is expressly incorporated herein by reference. Desired
mol ecul ar si eseesomhiixthre; dihelreystadlig stattime esssntidllyomtapsimopd depghapktayol ecul ar

i , ZSM 5 SM 34 i gni t d ite. Th tal yst, . iti
ot of or abl y ¢ ANSMRLEEPAETIS Pt BRRDag RSB Re R rEY P Rr SR B 5 %
Lo about 180 HerARd OMS(inoicalela b wirabaythd O¥iknina horduOhar bimaiEhaht of

total nolecul ar sieve. WO 02/ 05950 19 PCT/ U S01 /20C70 The catal yst of
this i nventi efhatiriypeallyseadled en itipcryatdlinegoge systpm.ds; fox sel ecti ve

Tonexchanger | as Arasngrge Sasl B BE AR JARR b T 2R e e

di sproporti onaiphlar.ma) bytoalarge to besalarRd ifdbat ihefntradxystlindpore dpderaomyer si on of
oxygenates to hydrocarbons; as a chemical carrier; in gas chronmatography;
and in the p&usin? ease thetamanlaty cabe ramnyed by ahspt tratmentipracess. ofrdi sti | | at es.
It is . rti rl i . | agcki

hychoocr aa1 ci i B TABARE caflbe HIEiRY, @ @Bt Lor el PP Bresence: it on,
and conver si ofianbxygepgoneiiesg gas, by domaaintpahs tenistt-cpatatningisiavd iy, the he

nmol ecul ar sieve is suited for 10 use as a catalyst in the conyersion of
oxygenat es t FresgareRidhoemgenicantaininggasiand depting At spppraatrs droas 280°Cdeal yst in
t he conversi es. d eed. Mgl

oxygonat o 5 00 oSt SERANES oy BCIR TR R Reas B AR PABE BN 1,

mol ecul ar si exgg@donbyfiatioh. Bi heaScase) Roveved the efstiR adill wipiéAlyeaduce | i ght
olefins, i.e., an effective tenperature, 15 pressure, VWHSV (wei ght hour
space vePBci tygakdpn optheitemnlateinto; smaliqreemporeningather than by théent . correl at ed
to produce Ii f T qﬁgp]'r i (o] i il bel ow
Usual Iy, the ng%lglge{%ogltﬂég%gséd?ﬁg?yc}%nt c%dg%q%nt T tsﬁgﬁggta gﬁgg{&) errslét he
oxygenat e i s removal\wé fierteippasefrolthematybtglline ipergrystess dnrodherlbesesawith ed out
inaliquid or ﬁ _m'xeij vapor/|jquid @Pase. i/\gen Ehe {l)roc ss is can~ied 20
out in a |iqiM3lpHERRIAtes, SompleiePrpapi! Fameya! HOpHAS 8eVyPak RS ent conver si ons
and sel ecti Vighlggpihed 88 dohRnRbRA Wedoryldh froseibds sUEPRNELAILR I mERgCat al yst
and reaction conditions. As used herein, the termreactor includes not only
comer ci @b sctindanderackites.s but al so pilot sized reactor units and | ab bench
scal e reactor unitg. 25 .0 ef.ins can neral |y be produced. at wi_de range
of tenperatures. ;ﬁ“eéﬁc@é’flin%}é b%ga,nacto(ﬁffén ?léen%et}l%rteﬁgrgﬂageﬁggeg‘g}??%gear‘f rom about
200C to 700Cstrittutd drdcOME br £ffcttial abéifts, haapaiiclycOnfadNtiGogdd) PhdphbRls on of
the desired olefin products nmay becone markedly slow. At the upper end of
“the tenper at (&89 Aot hydrqgen ©& 8 somhipation theeomn and cap alsmeantaigiideasof

product. An U raﬁéyil BparE/FQiBﬁf),a\;/hlﬁ % 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.



30 of between about 300C and 500C is desired. The process can be carried
out in a dynam c bed systemor any systemof a variety of transport beds
rat her thaootmsesofi xed bed system It is particularly WBCHAK0 H9&06

PCT/ US( 11/ 20G71> 20 desirable to oper ateﬁithe reacti on process at high space
velocities and in a fluidized bed syst The conversion of oxygenates to
produce light olefins nay be carried out in a variety of large scale

catal ytic reaCtorI?eevarié{%ﬁ{a'ﬁ%Pe% 18% in@@lé\e!té#gﬁfhﬁfg\%ﬁm fulnlilgg bed 5 reactors and

concurrent riser ors as aescri at1o~a Ehgi neering, D.

Kunii and O.cychypemshintthe, aRohahéthid cylohegsr, fpblidialitightamingy, | 977,
incorporated in its entirety herein hy reference. Additionally,
_count er cur r €iyclohegdame; tri-afyt pyrdsomre{ivianipe.anoipholing duseRMaBISN process.

See, for ex , A4 : | ' =1.d- icle
Svst eas, paZ@@BP%@lﬁ%.l%gﬁ%éﬁ%m%gqggg&gﬁh@éﬂ&qﬁﬁg@%%ﬁ% F%’hlgﬁtgﬁ%ﬁtsehi ng
. Corp., N¥ 196i6thylaneneeyclohatylanmeppipsvidind) paridinexipomepylymine; etpethgt ed her ei n
by reference. Any standard commerci al scal e react S steh can be used,
i ncl udi ng f i AEHOBEE BHSrERORY MG & Maesmeq,foﬁﬁ%ﬁ%{asr APEIELCt o
systems can difs ARAIR!EtheRly] AmtiRinlth YA (PRAERDY RhAEhlYarhibivy Of from 1

hr-1 to 1000 hr's. In 15 t'he case of " comrerci al sca e reactors, WHSV is
defined as tplespheitgheirasthyhgoimeoarh dnoride, tdiraethybamponiunobronpde, wei ght  of

nol ecul ar si eve nt ent .of e. cat al yst.. The .hydrocarhon.cont en il be
oxygenat e anGra AR APEHITING: EResiR BRr R s o B LOHERAELh t he
oxygenati®. ThembBuBrdalta areste@¥ethy QiirRdHiur hytifokeRded tétehe@BAAnPtnyurthhe

nol ecul ar sieve portion that is contained" within the 20 catal yst. This

excl udes conp®splite such as binders, diluents, inerts, rare earth

comonents, et o HESRPAINESR) I8 el ho R SRty S ARRE el Ut 10

aut ogenous pressur- es. §e3| re(} pressures are 1n gt 0. S

| cPa to abougonbiMtions dheeniplateg Fdt@xmhplsirSartiafl@ly dairehembadinient, pressure
of the oxygenate conpounds 25 and/or m xtures thereof. One or nore inert

di | uent s naythseASQLBBlCulaR sigyeismaaydacird usipg a &mpiptecombinalian §kount of from
1 nol ar r : : : nol es of
a1t oed and o PrEa R OB oo o e e R B T )

Typi cal di | URAPE sirocturdfer theutonaersion@f orggeaswearpattjcularty mettana ahél i um ar gon,

30 nit . b i de, b di oxi de, d , ter, ffins,
) kanes ( oopUETLRY b LRE Olef R s BB oyl ones. aromati ¢
conpounds, and  M@iddlar 4ePSkdd Pﬂﬁygﬁitéﬁ%\ggﬁuﬁuﬂ Hatdi B thRefagfor The

desired diluents are water and nitfogen. ter can be injected in either
liquid or vaputmbeusmroddse process nmay be carried out in a batch,

sem - condj nuous continuous fashion,. The process gan,be conducted in a
single %dacti on (Z)’g%eéméﬁecg oS c?mrntggdwe oggﬁe%reéra?)%&ga{%ﬂwese” es or in
paral | el . Theartig¥e! TS croanias ghmale@faretIhs;e@waﬁﬂalbe@alc@@veb@ﬂmmﬁagai ned to
reduce the level of unwanted by-products. Conversion can also be maintained
suffici ent | ycatglyH attgtian prgicles er pluams ped 2 ¥BERdiRdei|or Pindarediiyaddite | evel s of

recycling of 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



unreacted feeds. A reduction in unwanted by-products is seen when
conversion 10 noves from 100 nol %to about 98 nol % or |ess. Recycling up
to as nucwoag/@abmut 50 nol % of the feed is comrercially apcgpt@oss
Therefore, conversions |evels which achieve both goals are from about 50
mol % to about 98 mol % and, desirably, 4rom about 85 nol %to about 98 nol
% However, it is also acceptable to achieve conversion between 98 mol %

and | 00 m)l % in_.order t ljfy.the 15 re clln oce S. enat e
conver si on gt BECHaRed s B Ge bt Fewe foasaove Sgm Bt ima b o molet R s
famliar to Bfele,nd n‘i%fy &rﬁgrfb%'h)!d &J‘}bﬂo{qdb@héﬂﬁslféﬁtoata@%@?ﬁln%l% wiacl ude, but are

not necessarily limteéd t adj usting one or nore of follow ng: the
reaction temperedsed hardp¢$SWE®ceﬂld©w1Waft®n thie. fartherviei@oyal dfeveddr cand degr ee of

catal yst reg i.on Ci rcul ation; the specific
reactor 20 cger 15{? raBP?CgﬂltH?ﬁ@sL%cg %3‘%&’8&@% and ot her parameters which
affect the conver §&hly ﬁaﬁnﬂf@&ﬁféﬂﬁﬁdlbdﬁfﬂarlsﬁe%@ﬂmt{ﬁﬁandoﬁ%ré]@&%ﬁb”tlﬁar si eve
catal yst can be continuously intr oduced as a noving bed to a regener ation
zone where i tcaighst @fethxsegmpata@cﬁlscwéqﬁredéo hereinegsaiipie mplec airsieh ¢ig

car bonaceous eri b d C |n|@ .

at nosphere. ITrrIgéa f qesr |L§%§£lee r%(? %‘ra'rr%ﬁb' ﬁélﬁggtgg? erﬁ&)/ %)(I?{%grsublb%gjgt ‘o vcfrgm

regener at i on pidlequldd\sidve? Bhdeificafly nkandibe actetitar dRRO Bid ﬁot&iéﬁmlﬂalbﬁab@,d during
t he conversion reactions. The oxy enate f eedst ock conpri ses at |east one

organi ¢ conp&ither akpiec 28 arfinished Cﬁtf‘ YeleRpsticle, i PESWRSH wied A a@éﬂ:}h as aliphatic
al cohol s 0 ﬂﬁﬁ% xylic
acids, car boﬁ%xgnﬁ%g?éebr‘?ﬁsﬂha erﬁ g@cﬁ E ; %%%H%éde ?(tglf/rgﬁecﬁl e | s a%ﬂal cohol ,
the al cohol ¢]mmduymg| st&j:eofathe adtalpktaharmfauhnratgyprb@asi; g a‘lsoocrmﬁidbmdjvﬁrguar bon

atons, nore pre abl i‘g% 0 4 carbhon 'TB W]) OS9SU

PCT/ USUL/ 2UG7’E§’ "‘I—feé &s i$GeF ec?é‘i’i’élp’é‘ p?ﬁ’é’ c§aEe gt eé?‘@eﬁ’&e’ necessarily
limted to | %@Ectﬁ&rrs?évg%nﬁﬂﬁ%%f)ﬁﬂ€1@§Qnm?glﬂ nflld DA Gieve AMAERN S sRRE. thei r
unsat urated counterparts es of suitable oxygenate conpounds i ncl ude,
but are not Iconfaingap ¢lompsébhatheldrying stapof thewaipb{spmanm’facho@pwasscdm 4 -
CZO al co nmet h et h et her.; diethyl ether;

di-i soprggyl a@f)ﬁé?}lg‘d‘fr&& Hég &aéﬂlafoﬁ‘%t };FFB]@ﬁng‘ée CaPﬁé’Fﬁngr Ret one;
acetic acid; eamepRl MifticdSpati@sLstian diggéﬁa%kdﬁwmgﬁmé@ct&m@ﬂﬂdﬁfraﬁﬁhe

met hanol , di net hyI ether, or a nixture thereof. The method of making the
desired ol ef icalciiagan step ok therfatalysh napuiasiyriag pracess, Migaof hensideaed 3sonal st ep of
maki ng t hese a 0 r sand,
shal e, bi omals?%é‘[lgl a?% té-'?&%@é@é 4 Q’lg hé@%ﬂfm%iéﬁﬁ'l ?%8 ﬁl %‘r?gao |}{alv‘(5)%s are

| ai own i n t helifferent, ifshﬁﬂgz higheh @d@tyiticcikctidiey then mmlechﬂamletve tladt bahbdenor et her,

maki ng synt hesi converting the synthesis gas to al cohol or
et her. Xﬁt h&di 1%@(8 @QM%B‘E"UBPB‘&GE%OBW%%M processes such as steam

refornling, autot kernaly RE BAbNG ei?fjvaﬁﬁf ful t%balod%!vquég dd%cc{)tjofth%e skilled
inthe art will also apprecrate th ol ef1 ns produced t he

ox?/ge nat e- Ej o} ;catabfst mannﬁavuafla% PIOCEESa 0t ihemhltbdined]ﬁom[ree,}@m cl)ﬁ a’mrzmngaarticdmn be

pol ynmeri zed to for olefin cul ar 0 ene an

pol ypropyl ené* © L’W&?efg %C&PWS(SSWE}@ %‘WBF%%?SEE %3‘6 IgIaEONE are known in
the art. Cat @Joﬁém&e@r‘ﬁegﬁmcabﬁemaﬁd Vitgituisdér af byuitkshteds Ak €

nmet al | ocene, Ziegler/Natta and acid
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



20 catalytic systens. See, for exanple, 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, 565waohs450243, 691, the catal yst and process descri ppcouso@fosgach
bei ng expressly incorporated herein by reference. In general, these nethods
i nvol ve contacting the ol efin product wilh a pol yol ef mforning catal yst at
a pressure and tenperature effective to formthe 25 polyolefin product. A
desi red pol yol efi n- for n% cat al a | ocene cat al The desired

I net a
tenperature SPOLHYE & %achrdbf&%cs%h?& L?rﬁﬂn ﬁ%or?ee%P%GFPt%da]ﬁ‘tooe
carried out ahe Atamonrrﬁ%drég Bfouh SOnBERTMNY GualRivith BO¥NRBSSenty tfh@boOUt 1
bar to 200 bars. For processes carried out in solution, an inert dil uent
.can be used, 1em¢br30stt=mue ’lanesa gregion peteaiaisigclpdeslymizum pariiaadyalbmim)t 0 150

o " 5L GBS NS R R B0 B P

‘tenper at use gener at isweélrwmﬁﬂglﬁ@nﬁw@at @B Aok Rl hlQneiaidveg pressure

fromb5 bars to 50 bars. In addition to palyol efins, nunerous other olefin

derivatives CRBIPINRE mrrtmopamd@ﬁ inpRrpelatstiing the Bpishedentalyiy perticlhavriges e

I ncl ude, but rﬁéa@uﬁgllte ca’ca ceaq,t&lé)%ﬁo n?étga%g ers Cl%ﬁ(ﬁgé 1o ﬁﬁ%%ﬁfaﬁrtgc' d, linear
te, yI ene dic I

al pha ol efins, vin or1de an ori de

et hyl benzene acemlwd)iahe vﬁgindﬁolemlm,e ihaopsrapy Ixntaltlca)ﬁmbheda@tahjrsel n, allyl
chl ori de, propylene oxide, acrylic acid, ethylene-propy ene rubbers) and
aci yl oni t r| | Partiehy $chr¥1saa§y,afh%rcairlbrﬁtra§tlwy erlﬁﬂf aﬁewrgrnomn EHET 8IEVR UL y| enes.
The net hq C(fp%? r v he 10
art, and theref 0 gaag'%éénddéﬁdfnlsagegglggﬁ%e@iegf)hm%%gglgﬁe{b bg'?‘ P}(l)g?SttaE?ﬁst

i nvention is Quf, tnawpmfémblymt teaktlabotitd). 15y 20d imsaddsirubldrazbdstbxbdulr(emt ion

system In these stens, he cat.al nmoved t out, a
rgactor unit and ;ﬁ’r% @i@é&d’ﬂwdﬂw Nty sifer éﬁ”&?ﬁ‘é@t"@ﬂ‘\’lﬁrﬁo "l?@"t‘?ufdof
mechani cal ang 35dver 4 4@%&@%@1&%&&%&4&@&5@ h?@@et@ﬁﬁﬁé%@tﬁb st he

particles generally bre apart 15 producing attrition particl es The
attrition paratctlwlt)eeltlaréog]gmérva‘girynolowlamwe araobeyingirf motaculat gievmied t hr

oughout epeat e Ceneral t-he d t.o enpved with the
Vapor pr dduc iorisade SBERLFI pOBPRIR a0 T LR Bfosed ac
waste. I n thigndthvend taalystiharsdtrbsted bpnon@rgthsrlhﬁﬁga@raesomwgdatand reused
in the 20 manufacture of new catalyst. The attrition particles can be
recovered usithe QusrAIBASRISHRPTCSMERIOR AR Boure i the the, cafatiest ifciubigeisdet not
limted to, b FeS i a general ,
the separati %%eggﬁ%%%%d&vff’fnﬁ s?trg%al 1tllge%:l* if;?gea &Cl |u§1etlgér§?rhele§pr oduct
stream from tthdleerqimsre afrsu!bdmnfallgapu@aﬁethéxroewpafssedmcmsc aieaﬁ()/mg of egener at or,
the attrition . parti separ at ed,. and particle be 25_sent to a

cat al yst Zanuf W%faaﬁrere ?foronprlaeew %} 4 ffege o8 rrri%eare\aqr%m%onpos. tion.
I'n one enbodif&Rino] i WetGRIALYS] arldBy2iH, Gz'itHra's'Ilﬁalﬂé Ese&ﬁoﬁq@ﬁ‘) RHhCA PSEogoup! ed
with a reaction system By close cou i's nmeant that vi tuaily all of the
cat al yst nadeofitke totad veparagirgduct hdnwmtonndmigaﬁcms lllowedto degur. | Fitst exlet s

dedi cated to 30.0 ion in a give temo and at

| east a port i%?‘r“@ﬁ?%ilcﬁﬁeraisﬂnb cftlh]u%fhg %Fys? K wr‘téf %@@% Brs are
returned to tdegermatedas3h(1mandthael bédvessidr®adtiohsing e aelddlilafg facility
need not be physically I(ocat ed WO 02/1095U PCT/LIJ1 a }12 11(>76 24 near the
react i on 2y stsedye )yl -anethanol penversion fantionngingtvingin melecplar sicedes f xom t he
eact Lo Syetem oof Mg EATSRRIACS 8 Uybh SMARRYo! Pl ke A0 1 £
very cl os edt Cfoﬁﬁ@ﬁhﬁdﬂ&&rcata@ﬁdpdrﬁﬁe @raﬂlahmgmﬂMtl?talﬂrecﬂmg)rhemafd#eslcﬁslﬁd:an be
transported t m eac ity or fa ties mechani cal or gas
“bl own convey mg&?ﬁ shePest t18“$h?6§étag'l§r ]pqrg@}epiﬁtheﬁges;p{ verHIoR c| ose
coupl ed oper r @;ﬂtdr entially
.100% cat al yt ?‘{':’mgdgtcf \%f enéxjaﬁy éﬁf“‘gﬂé@esﬁg‘? Hab%%a@&ééévﬁ rﬁ@le Hrﬁa\ﬁfen&? ?nes and

cl unps, st bat\fveamcﬁboat IQ nnn‘romsrmldétOOrmmlousr, mmetprdbmblymbout wmﬂ;cromr be

reused in the nuf actu of, n at Pr ef east 10%
nore prefer alﬁr’éﬁg TELLE, B fﬁiﬂ&gwcri’f’“‘gr e’fl@r‘%’ﬁﬁ?ditsglne‘g 546

recovered at tyiidih QtfritheH %drﬁ&l@§désh@ﬂl’5l@1a% aiPSRSS et ticltianeRe o'ff"ﬁé)'tsgﬁrélauzlaﬁl the
manuf act ur e of new catalyst. The r ecovered attrition particles can be

recovered fi~oma process unit selected froma catal yst manufacturing unit,
a fluid bed reaction system an oxygenate to olefins reaction 15 system or
a conbi nation thereof. The catalytic activity of recovered attrition
particles froma reaction systemis likely to be |l ess than 100% and in
such case, only a portion of the attrition particles should be reused.
Desrrably, the recovered attrition partrcles should have catalytrc

e o, AN 2 n7s7 _r b1 L . . —o~N~ D



25 type of catalyst in the catalyst used in the reaction systemare the
sane, e.qg., SAPO-34, or simlar, e.g., SAPO- 34 and SAPO-18. In this
decoupl edwaydpadbsvent , attrition particles nmay be obtai ned pit/@80/7508t¢e and
interval, subject to economc and facility constraints and optinunms. In
such an operation, there is no desired ievel of how nuch attrition
particles should be utilized froma given 30 reaction system However,

dl f th ce.of attrit ticl i.t.is,desired that th
catal yst comiArabontHva gt the siemaee neblelimerrl tha it @m0 WO
02/ 059511 PChiddShbl/ R erchter ?f@nra%&%tt%% 180t8 pRdterabBY ot REQLS i aboat | east

about 20% and nost desirably at lea, ~t about 40% An exanple of recovering
and processi 1§%at preferredhmgthot iof Hetsrmigingtay@rage particly. diamedot isgi laserrol ecul ar

sieve, virgin hinders.and fillers are | oduced via a 5 ream 10 into a
catalyst un coneRREiRnRAle. b nfbdyBpg b bEROMEERaerbEaRle "o ch s eve i s
m xed W th bi nder Aafiflishéd datdlyst padiclets asubsstenittallydader sige eanthisbeci Nned to
produce a fini Sh@eﬁ% %e;%al yst1 parti cl e.g({lctenﬁtég(g §(;at al%_sr{d 116]§i é:tafgorlrcred, it is
sent to a re®REMVIEHS- CEHALD, § GNP Qie CHAIYA f ya% a PRINCREISYEAPRPO! The
reacti on sys : venti I t i LAGQLpQrat es t he
use of a nol tggﬂqtz]iirgg g?@%?g{% 158%%{%? gﬁqéé{)‘glbﬁ%@slﬁﬁﬁﬁ g%/r\éﬁ%%} agpﬁ%ﬁlfg ?(1)% t akes

pl ace, reducifixgd trdaetos bzds. Similagy,Moisgposdible ts ke thatatitiol padckes cl es. Wien

t he nol ecul ar si eve catal yst particles hecone significantly reduced in size
as a resul t GFRCIHER SO 13%@C%tﬁléfstrr@s&ff%wgﬁ%gprgm%mm@ﬁaﬁh% ®such as
by the u of; abp rk i ad | | pitator,
e gas e L BT HHA @ o e L B M e B0 P (e
are separ at edlsaradceptabduer ed as stream 13, at |east a portion of the
particles can be recygcl ed k.tq the.catal yst .manyfaciyring unit 11 as
stream 14 to be iﬁo%ﬁ&ﬁﬁ?ég%? meg-mﬁl?gd ﬁ%ﬁﬁ'ﬁm{%’ eaj&giopipgﬁt ©S@at al yst
particles. Adp@fdblypsubRfantifle Béd 6 doke ﬁ.e@,&%?ﬂ&b@e%u_!‘@ﬂa‘terﬁ?wﬂiiﬂh%ﬁn@@n stream

15. 20 Another exanple is shown in Fig. In this desired enbodi nent,
si eve precur $ls catglyssdusing therreaction pragesdu§referablynthe2@irition pasiclss avilynt hesi s

unit 21. ;kn j [ Cl.l 1 ks forn~ed hy.m xi ng, t oget her one
or nore (%# a%rgjé%%ﬁjwf%a%ﬁokgg?ﬂte@% ﬁ:oﬁéfﬁétglr ﬁ’ﬁﬂ%@%‘#&ﬁﬁ@%@ﬁf%‘n" qp? along with
at | east oneaveapd etd weignef ele dfiritibh aftickds iherd reRedleaotahentianied,

preferably under autogenous pressure, 25 to a tenperature of at |east about

100C, prefer &B?‘}t X Wh e BI9SLRICIEIAPLY BotEBRAtST thenr ahous 1 wrtyer Hithe pekepoptpntt i s
formed.  For Mt/ hiihich RArfclS! Alht1RaPEQHEE!sofiRfhr WS e OMIRhERL T OM ar ound

2 hours to as nu wee n some cases, stirring or seeding with
crystal |l i ne mahevdddly asuintdctifigeiithianatkggdrhepntainingtghgre.of ait, hea engdratire
Typi cal | t he | ecyl.ar sieve fornmed in the siev ynthesis unit 21 wll
be 30 f oPed PRKINAIgH GombUshiiy Eolice £y X aBPIBy ks PRRETOPAICIRRSHS, such
as by centrif | af e o atdon. ,
recovered by b? %gﬁﬂgg@rr% err%l a‘Jl ﬁi&t;ﬁ%ﬂn@@ ?té;loll-&gf %&%Q%%btoﬁf‘%%(f%d%@%ﬁ 2UG/ G
Once t he nol eatil the dssisdeanithint sf dodend eehavedsi eve synthesis unit 21, it is
sent to catal yst it, 22 for combining with virgin binders and fi]lers 26a,
and virgin attri t?[g‘ﬁfﬁ‘éﬁa‘fafle?t@@sb‘?tjtg‘ls tl?‘?“fﬁ%%ﬁ%bﬁ%???énﬂmnﬁt , and/ or
non-vi rgin atatfitibh BAHRRE bf Elifips 2R@vEERTIIBGI SN i&eRelh 29irgRbikdRahd OM t he

reaction system24. The 5 conponents are m xed together and sent to a
dryi ng ugPt Zgyingthe mixterd tafeorte Agished eatrlygmaitivhest Adthangh itdudésingd tde

consi der eq.t STBORGRT A ol ok R bRy e MR o7 ®

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



recovered and recycled back to catalyst unit 22. Product 28 fromthe drying
unit 23 is sent to catalyst calciner 29. Attrition 10 particles 20a are
sent to the @alsedoyst unit 22, and desired catal yst particlpsr/@doidogice sent
to a reaction system 24, which generates _a reaction product 25a. During a
typi cal reaction process, attrition of fle catalyst results, forning
attrition particles 22a. These attrition particles 22a are separated from

the reaction stemand.split .into two str , 23a which i.s recycl ed back
ot he oat ol EECARtRE riaGhprrie, B R FAIE R4 sRBost of Aty Rles

embodi ment, HHe vEehahygbulkiidve22 receives attrition particles recycled fiom
both the catal yst "manufacturing process and catal yst reaction system

Anot her, desired éivbwehitioanat diymgahethwds qanbiegsal. Expmpiessofaobuetitionalt , cat al yst
cont ai ni ng nol ecul ar ,sieve attriti articles.and vi.rgi.n |.ecul ar sieve
20 are tod vt Poifde iF PHbE AP M SRoR Bt St RUBE Ot £ 51°
-a fluid cat alcyinbihatb@Cdd the dr @it Gerddf can bk Usddl, zed bed reactor and is used
in a process of nmaking olefins froman ohygenate feed. The product from

reactor unit 31 i Onedesiaialy dosalie tachpiqgpe iRyrhe pisdugipnif apagticdpiet recovery
. | o S S ‘ . o
unit 33. Typig e{lt?’or{ ¢ {?ys't %Jhl&gle@gf p]égecxb?ﬁu&‘i%a-ﬁ’e%ts 19%@§P1fa§tcﬁglﬁggP&@¥é, ng the

product throug e he casSe, the at articles can
be recover ed This gropgse Hauchech@agi@red in et produdtidh of varisseatatysaapartiealady The
attrition particles are separated fromthe reaction product .and recycled in
t he manuf act did greclHagcatalyats pad cofalysls igieepnysrting Qxyaedates 10 plsfing. opP1aY ~ t he

cat al yst {jn ry

?ﬁﬁgggfelg;ai ﬁué%r\gg bdvahifBECANd: riBRioh Or B dclagggner ated. This

regenerati on occ S co yst to reggenerator 34, where
t he coke is mertimubtk-fdrmimg pvetdssésu it ienanplg, procédymng dhbe regdpecadedth

catalyst will be recycled barcﬁk tacﬁ)1 re@ct or 31. fV\AD.OC?/ gsg&o PCT/ USOL/ 20G/ G
27 Light gas$8TMeiRtPradiqtigniRpiadues pesesientitipsolanadict aeray 4% om

regenerat or 3gojlifafes ARIWABRRES otidrlabiikivedaREreh entad tNd ¢dmRRitlAGHRr ed al ong
with the flue gas. In such instances, the flue gas can be sent through line

35 to separ atdditionalireag®8ts can ssgpPnbanddad tanislurgepriadovemay doring. Bpraps ar e

used (0 QEPaRle Q0D LIS AN gy RIS L8Pand Bspll B b1 On particles

production of fluidized bed catalysts, the uniformity of the particulate product
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.

4,546,814, 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.



manuf acture or purged as appropriate. The correct proportions of virgin
nol ecul ar sieve and virgin binder (whether fromnewy nade materials or
fromrecyolgeeh/@bdori tion particles or clunps), and non-vir gper/aBliResHear
sieve and attrition particles is a strai ghtforward 10 al gebraic

deterni nati on. The paraneters are set by®the desired properties and rates
of the product catalyst and the given properties and rates of the
non-virgin attritign particles to be jncorporated into the catal yst as
desired. This i an’iﬁ rdﬂat%“ﬁ? C%balﬁ%gff @&ﬁmﬁwwe fRRiHgthe %ﬂ%@“t o the
foll owing examRlcRs dulits 8l BARAMEIAGEcS. ShHRbEALIS cBDEE Lir dus GG Ment s
within the o?/Berc'chl,§ }L15 %cope of the mv%ntion as cl ai r%ed. Examcs)l el

.Ref erring toc#ialyticdlly mactisteahatstials,ralso knbwoderan esfitlerspanafiant additia@@d0 | b/ day
SAPO- 34 catalyst 16 i.n, a.continuaus.manner for..use in reactor tem 12

ah o 15 20 AFeLTAIE TEE R R R Tk mer T wisher SO adier e

SAPO- 34 cat alckst, vhfiohSTorREBY F23€ Barflf mE@ARY flef] 8kided, LiRAnORLESIRE BRalyli Nder and
fillers, and exhibits a catalyst activity ratio of 0.50. In the Course of
oper ati on of cpapendndt zegle egtalyst congooenty/aduminapor alamana/snl, Htameszinednigs e
gener at ed, having. a .acti vty L ;. 40:. 20 of, the original

cat al yst act %alg? %lﬁéfs}&gaééﬁ&ﬁlbasﬁﬁ#yni’ %%185réggga?%ﬁggésqréﬁ{c(a %?b?%@ -.40) 25/
0.50) x 100) miffiees thérdely THes@tdripdriean apalkd effesivd 4n Adaciag Wi unes! y
provided to catalyst unit 11, while 600 | b/day of attrition particles 15
are di scar de@veiah catalysteashiaging ey thermmal sipdolp gpsiddn heas shiglding the cafelyist xt ur e
to be drijgd it sl ' 1 Q. DEOV] xed.particle
st engt h\OFr uifp SeahSEch, ThRLIR aRRbhS! &7 ha R & HEN PR P

mat eri al s t o paflicahilgldgsirablinihbt the itieat paterals ehdt be: wded i thd caalyat wdct d6a at t he
desired rate can be cal cul ated. For exanple, the catalyst 16 contains 50%

active si eve hespahbiink bavsiohqapsapagity pf Semiabeautd]- @yealig160t abprtbgrlie-§:.5
catalyst act 'n¥dr£: ¥re&'@r&$19’)fron?ggo& %01 éal?/lgg%yto%%out 0‘.’&8@’-&&5&03?%%3%%/ 20t 71.

28

from about 0.1 cal/g-°C to about 0.5 cal/g-°C.

15 Additional molecular sieve materials can be included as a part of the
catalyst composition or they can be used as separate molecular sieve catalysts in
admixture with the finished catalyst if desired. Structural types 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,KFI, 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 Atlas 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.



active sieve cones fromthe recycled attrition particles 14 (400 | b/day x
0.4 catalyst activity ratio; the 20% difference in catalyst activity from

the origiwaoméserial 16, representing essentially 20% i nagdt/vsnineéml yst,
is counted as filler). Thus, the virgin nolecular sieve in stream 10

conprises the difference of 340 5 Ib/ da}? In addition, the catal yst 16
contai ns 10% bi nder, equal to 100 | b/day ( 1000 | b/ day x 0.1 binder

fraction) and the ala st.reamof atal yst .16 is b/d of filler
( 1000 | b/ day - Eg IenEpL, Cbelise 1 ¢y #d5esra “%q C{S'g%nce 240 | b

day of that Lhbdige n@ﬁ%lérrseﬁaramseéo&@a&@w@ﬁo@ﬁﬁ@é i aRah tdi! es 14 (400

| b/ day - 160 Ib/day active sieve), the anmount” of l'er produced in stream
.10 is 160 10ekdhangey; {st0tdlpstdmhydriotdrben tnaclang.duydrasfackimgal yst of 16 | b/ day

to 240Ib/da.fi|| rfrom am 14). .Havi ng.now f ul descrihed this
pventi o, 1 Hispiopprisaniy s BASRE SeperHhh Gifiiou Ad pRES T hat ¢ he

i nventi ons cagxPenies {Phyd6chrMdrsdsh cheiche cArdiBg $n gis &ﬁéxﬁ%?ﬁ?ﬁy%ﬁhhn what
is claimed, without departing fromthe spirit and scope o

i nvention. thapetpleusobdusity toranyes Wiatal pa:raﬂinaifmudlsgllatgs 1ltisA cat al yst

conposi tion I ul ar R ition particles;

vi rgi n nol ecﬁ%glreﬁlgﬁgggltedﬁd % AS ca?eﬂf%% %%%l{"% %@g)é?af%{]f The catal yst of
claiml, vvheﬂspfbpbhemuumgIankyrtmioapisbmrxﬁatmemﬁmm aﬁlscoduvexerbnatﬂ rition
particles, catalyst cl uncio or mxtures thereof. he catal yst of claim

1, wherein tﬁéyg?aﬁféélﬂlé)f rg?%wwcmsapmlﬁ@awyttm momubaﬁwwes@lt%fﬂrau n
virgin mphecylals SiagiesdtheoRds: mn%f )gyrge;ln_ ﬁfyawc%b opf. claiml, wherein

t he nol ecul ar sieve-contal ni ng tr| con ain cal cined
nmol ecul ar si eve ahdltsbmadtedesu&d erﬁbﬁhmht&dsmaiata@fst ol the eodversibeofi n t he
nol ecul ar si eve-cont ai n| attri tfPFHGZO particles have a catalytic activity

that is at |8é>é&en2tss/my @r'a%nsaq oRfaining anoxygenaiis CoPAEEAIMAI ng virgin
mol ecul ar - si ?éﬁ%u&?i&é‘df‘éri‘éao%fﬁﬁb&ﬂaﬁx% w&amefecﬁla; ak:\yé&atmst%k gfd&s% wher ei n

t he catal yst conposition has average particle dianmeter ngi ng from 40
~mto i 50 Veomditens dfﬁetwmtoqn’udme lightolefi®h i.com effertivg taparatiieon particl es

have oD YT B RErN KL RS i S5 AR AU Bl WSERURT° Partiele
we%rrgloﬁg ul ggn@hﬁVcﬂ"dﬂQBﬁtab@fé]ﬂe@td profihcRrlighebletifd. €Bhek® Wdlﬁ&:S' £8s than 20
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 a liquid 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



WD 02/ 0S9511 30 PCT/ USO01/2017C~ 8. The catal yst of claim11, wherein the
nol ecul ar sieve of the nol ecular sieve-containing attrition particles is
sel ect ed {yswydsh® group consi sting of SAPG5, SAPC 8, SAPO ddy/uSARGs746,
SAPC- 17, SAPO- 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35, SAPO 36, SAPO 37,
SAPO- 40, SAPO- 41, SAPO-42, 5 SAPO- 44, SAPO 47, SAPO-56, the netal
containing forns thereof, and m xtures thereof. 9. The catal yst of claim1,

wherein the vir, nmol ecul sieve is SA 4. 10 10..The cat t of claim
1, wherein ¢ HeSRbledE GBI D Feich i PHre ot B RS e g ﬁ?lﬁgdsath rition
partlcl es anged BRiaphr i n nol ecul ar sieve have the same framework
conposition. 11." The catalyst of claim1, wherein the nolecular sieve in
.the nol ecul ar 15 %evenmmlapfwmcmtcsruOtplexiuCpélghu @ltfigs may be baried ogi n

nol ecul ar si eve _have

oot 2 ¢ o SRR of et e oa b AT R et 3R o S iR hEL > ©

consi sti ng O?Ga@{dﬂmﬂﬂﬁﬁnchfr@rﬁ,ns@&l%ﬁétbns a‘éﬂ@@ﬁ'bﬁdlﬂn Fl‘uﬁdiﬁitboné‘l'ﬂg'ufe@ﬂng@d 20
conbi nati ons thereof. 13. A nethod of mak |n‘gda nol ecul ar sieve catal yst

conposi tion Kewpranéu%@evmsmhgllqhsgeﬁ KetegapPedishing (i MN%-1931t ai ni ng
attrition paﬁﬁcoﬁio?ﬁgd Y11, ftsgérﬂ%rg@hgge%ngﬁ; refbr EM& COITRREN &a?o%fﬁ?erpﬁr&%ﬁ‘c and

drying the mxt or m ecu sl eve ca ¢OMGStion. 14.

The net hod offaitteactorsiiay bmgeanm thbrgolmgrsiod pﬁﬁfeisﬁ)rmﬂfob)txaﬁplayUSfAl—l ng 15. A
met hod of naking olefins froman oxygenate feedstock, conprisi %t%
Ban ng

provi ding a &d081lj6and Skydisrtioosndioridl aiticl Srsteasupages 4806l do
t al t tt d WO
gg ; 85520 gl EE&rPEP' ggrw.g%eﬁgwpﬁﬁisﬁm@%&ﬁ?w 1$90PUR deBSheRInB AL GvhicA"

are expressly incorporated herein by reference.

Any standard commercial scale reactor system can be used, including
fixed bed or moving bed systems. The commercial scale reactor systems can be
operated at a weight hourly space velocity (WHSV) of from 1 hr! to 1000 hr. In

15  the case of commercial scale reactors, WHSYV is defined as the weight of
hydrocarbon in the feed per hour per weight of molecular sieve 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  mitrogen, carbon monoxide, carbon dioxide, hydrogen, water, paraffins, alkanes

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



contacting the catal yst con Zposition with oxygenate to forman olefin
product. 16. The nethod of claim 15, v~herein the oxygenate is selected
from t he gooopsésoconsi sting of nethanol; ethanol; n-propanatt/us@@ps@panol ;
C4 - Czo al cohols; nethyl ethyl ether; dinmethyl ether; diethyl ether;

di -i sopropyl ether; fornmal dehyde; dinetﬂyl carbonat e; di nethyl ketone;
acetic acid; and m xtures thereof. 10 17. The nethod of claim 16, wherein
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process unit is an axygenate to ol efins action system. 23. The nethod of
ol ai m 19, WhEPERFOGTCH S o ToSERHORIm UM EL Y BFAiCial seehden coryersion

£ 2y Conbl i B 05400 A GLon 0 S RE AU | g oo
recover ed nohkkouilS8mali % wé ledisedisriomumeaciblly téceptapler tThetedoreacamveaisiord Wi t h t he
virgin mol ec‘lje!v%{s vs'tlugl\{ gch]igve %’Eﬁ’g&ﬁ? Elrsé'from about 50 mol % to about 98 mol % and,
desirably, from about 85 mol % to about 98 mol %. However, it is also acceptable
to achieve conversion between 98 mol % and 100 mol % in order to simplify the
15  recycling process. Oxygenate conversion may be maintained at this level using a
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., WHSV); 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.




25. The nethod of claim 19, wherein the virgin nol ecul ar sieve conponents
are selected fromthe group consisting of SAPO5, SAPO 8, SAPO 11, SAPO 16,
SAPO 17, WAR k80 SAPO- 20, SAPO 31, SAPO 34, SAPO 35, SAPG@EBustino&SHPO 37,
SAPO- 40, SAPO 41, SAPO 42, SAPO 44, SAPQO-47, SAPO 56, the netal containing
forms thereof, and mixtures thereof. 2622 The method of claim 19, wherein
the virgin nol ecul ar sieve conponents conprise dried attrition particles or
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SAPO- 47, SAPQ 5 the netal. containing forns thereof, and m xtures thereof.
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particl es andxygeateitodilefimBineedloarresdtion of fiRvRedeRtinsaitn can be
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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removed with the vapor product in the separatlon 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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those skilled in the art.

In a close coupled operation, if the recovered attrition particles have
essentially 100% catalytic activity, as is generally the case with virgin fines and
clumps, most, if not all, of the attrition particles or clumps can be reused in the

10  manufacture of new catalyst. Preferably, at least 10%, more preferably at least
20%, and most preferably at least 40%, of recovered attrition particles from a
process unit will be reused in the manufacture of new catalyst. The recovered
attrition particles can be recovered from a process unit selected from a catalyst
manufacturing unit, a fluid bed reaction system, an oxygenate to olefins reaction

15  system, or a combination thereof.

The catalytic activity of recovered attrition particles from a reaction
system is 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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10 catalyst. In such a system, attrition takes place, reducing the size of the molecular
sieve catalyst particles.

When the molecular sieve catalyst particles become significantly reduced
in size as a result of attrition, they are recovered by conventional means such as by
the use of an appropriately sized cyclone, electrostatic precipitator, flue gas wash

15  scrubber, or filter press. Once the attrition particles are separated and recovered
as stream 13, at least a portion of the particles can be recycled back to the catalyst
manufacturing unit 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 a temperature 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.
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recovered and recycled back to catalyst unit 22.
Product 28 from the drying unit 23 is sent to catalyst calciner 29. Attrition
10  particles 20a are sent to the catalyst unit 22, and desired catalyst particles 21a are
sent to a reaction system 24, which generates a reaction product 25a. During a
typical reaction process, attrition of the catalyst results, forming attrition particles
22a. These attrition particles 22a are separated from the reaction system and split
into two streams, 23a which is recycled back to the catalyst unit 22, and a purge
15  stream 24a. Thus, in this embodiment, the catalyst unit 22 receives attrition
particles recycled from both the catalyst manufacturing process and catalyst
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.
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manufacture or purged as appropriate.

The correct proportions of virgin molecular sieve and virgin binder
(whether from.newly made materials or from recycled attrition particles or
clumps), and non-virgin molecular sieve and attrition particles is a straightforward

10  algebraic determination. The parameters are set by the desired properties and

rates of the product catalyst and the given properties and rates of the non-virgin
attrition particles to be incorporated into the catalyst as desired.

This invention will be better understood with reference to the following
examples, which are intended to illustrate specific embodiments within the overall

15  scope of the invention as claimed.

Example 1
Referring to Fig. 1, a catalyst unit 11 operates to manufacture 1000 Ib/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 lb/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

lb/day of active sieve (1000 1b/day x 0.5 catalyst activity ratio), and 160 1b/day of
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Thus, the virgin molecular sieve in stream 10 comprises the difference of 340
5 Ib/day. In addition, the catalyst 16 contains 10% binder, equal to 100 Ib/day
(1000 1b/day x 0.1 binder fraction) and the balance of stream of catalyst 16 is 400
1b/day of filler (1000 Ib/day - 500 lb/day active sieve - 100 Ib/day filler). Since
240 1b day of that filler came from recycled catalyst attrition particles 14 (400
Ib/day - 160 lb/day active sieve), the amount of filler produced in stream 10 is 160
10 1b/day (400 Ib/day filler in stream of catalyst of 16 Ib/day to 240 1b/day filler from
stream 14).
Having now fully described this invention, it will be appreciated by those
skilled in the art that the invention can be performed within a wide range of
parameters within what is claimed, without departing from the spirit and scope of

15  the invention.
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5 L A catalyst composition comprising:
molecular sieve-containing attrition particles;
virgin molecular sieve; and

binder.

10 2. The catalyst of claim 1, wherein the virgin molecular sieve comprises

dried attrition particles, catalyst clumps, or mixtures thereof.

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
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9. The catalyst of claim 1, wherein the virgin molecular sieve is SAPO-34.

10 10.  The catalyst of claim 1, wherein the molecular sieve in the molecular
sieve-containing attrition particles and the virgin molecular sieve have the same

framework composition.

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
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10 17.  The method of claim 16, wherein the olefin product comprises ethylene,

propylene or a combination thereof.

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.
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sieve-containing attrition particles are mixed with the virgin molecular sieve

10  components.

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.

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.
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30.  The method of claim 19, wherein the catalyst composition has an average
particle diameter ranging from 40 pm to 50 pm, and the molecular sieve-
containing attrition particles have an average particie diameter of less than 20%

of the average particle diameter of the catalyst composition,

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

particles comprise less than 20 wt.% coke.

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-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 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.

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.



