1 2 JAN 2005 WD 112/ 415950 PCT/ USOL/ 20676 | SYNTHESI S OF NL‘]_ECULAR Sl ENE
CATALYSTS Field of the Invention This invention relates 1o nol ecul aZr J ew5
catal ysts that contain attrition 5 particles. In particular, the invention
is to nolecular sieve catalysts that contain attrition particles recycled
froma catal yst manufacture process or froma reaction systemand virgin
nol ecul ar %Jrﬁ‘ﬁﬁvsssn Background of the Invention 10 A m@bﬁrggm@rm(sl eve i s
general ly a mcroporous structure conposed of either crystalline

alum nosilicate, chemcally sinmilar td clays and fel dspars and bel ongi ng
to a class of materials known as zeolites, or crystalline

al um nophosphat es degj mﬂs&mﬁmf, EEARSREVE DANALABTS! gani ¢ anine or

guat er nary anmoni um sa crysta | ne silicoal um nophosphates which are
15 made by hydrothermal crystallization froma reaction m xture conprising

reactive Souﬁ"%ﬁﬁof‘%@}ehﬁ&la al um na and phosphate. Ml ecul ar sieves have

a variety of ey can be used to dry %ases and ]IBUI ds; for

sel ective nol ecul dfhisiayatenepiss tObT&%lé"d‘labﬂe‘?lci‘ yshh Beopar 2i%er t i es;  as

i on- exchanger g, as Q@Pﬁhéﬁ% Shd ifvepficiGKioNGolecuRy Héva GhtaIgtd E@t contain
di sproportion t| on, kyl ation, isonerization, oxi dat| on,

conver si on of a@u%@ﬁ@ﬁ&fﬁ@}@ﬁﬁﬁﬂﬁ“@&%@ﬁ%H’§““fi‘f&1“‘t PIRLFPGT Y rﬁaﬁﬁ?ﬂ and

di - al kyl et hervs&é?n&h%irglﬂ%ols%ﬁm%mm cal carriers; in gas chronatography;
and in the petroleum rIndustry to renove nornal paraffins from
distillates. Ml ecular sieves are manufactured by reacting a m xture of
several chem cal co epts.. One of the conponents used in the reaction
process is a %&%&Eﬁg—éﬂ—%ugh nore than one tenplate can be used. The
,tenpl ates gre usedainmlecilarsiave sammreills a oricceparmestruciutessompesetelifitess (al so

"called a mcroporous structure M5 %d Wien the tenpl ate
i s renoved, arf SPeR® u%"nomﬁca[e Qhem}gfﬂ?,{}guﬂﬁg%}ag? left ggehl nd in which

chem cal conpchslohgmm@ aGHhss Cémta@nals brpwngnggokies. ?frFéYStaélﬁ'ém cal conpositions are
smal | enough &0, 46 AR fardsAchich chAHidEre! ffialuifaEbSanid ke 80 a mol ecul ar

sieve acts to siev screen out |ar ge no ecul es fI'OlTL Et eri ng a
mol ecul ar por eustemyy Ramenivm sgit, gy edjiys silicoaluminophosphates which are

15  made by hydrothermal crystallization from a reaction mixture comprising reactive

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

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

Molecular sieves are manufactured by reacting a mixture of several

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

25  template, although more than one template can be used. The teniplates 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 a molecular sieve acts to sieve or screen out large molecules from entering a

molecular pore structure.



WD 12/ 05950 PCT/US01/20C76 7 Mol ecul ar sieves are particul arly dedi? aldiNe 2005
for use as catalytic agents. The nolecular sieves that act as catal ysts
have catalytic sites within their mcroporous structures. Once the
tenplate is renoved, a chem cal feedstock that is small enough to enter
into the tunnels can cone into contact wwth a catalytic site, react to 5
form a proqufriuns@and the product can | eave the nol ecul acreseee?d hr ough any
nunber of the tunnels or pores as Ion)g as the product has not becone too

| arge to pass through the structure. “The pore sizes typically range from
around 2 to 10 angstrons in many catal ytic nol ecul ar sieves. To be useful

in commercial scal goealialildsareperiellirftesiislk Grise a0AAGHH QEnts. Nhesi eves are
generally conposited with other catalytic or .inert structure affecting

conponent s t o FOSCHATSievFshu dctes Al fFLARIV RS B WEHR REERYIROI8E ar e
described, f Ol @¥&MOINEs thé Rmpla® is RabeAfa dNemicd f4889ocR s isAntlhough fi ni shed

catal yst particles are general I§ har der. tha? thg1 rrFky%c%eaI[eaﬁoeve
conponent s, t §BSHER IS BRE YRRFL AR SO FIRC FYSHY T A BIVEE PEs €88 95

encount er ed; dygd\Opcbdier, SRt @eduby @n Rhveltivandlécniastiod toatgalaysdunper ti cl es or
during the wuse of the finished catalyst.particles i tion system
Thi s damage t ShHE “F‘Besiftﬂ%ﬁf&%ﬁ‘%f’sa%eﬂ%ag\kﬁ% ngrbeﬁ?%%tlgb %p%r% &?? e., attrit)

the catal yst pabhghchestugttne] The poresizeoypicaiyminge fromefoiindd terifl y recapture for
reuse. The attritted. parti ctlleicin[sml‘gc@1 1msi%j)'%scarded as' waste fromthe system
in which it i <PBERES NAY SEL HRRUFact Ure of finished catal yst particles,
there may al so be Tpboguibbd cpamtrcel sege taittic aretiongstdnzgy gelefl¥ subsequent

use in a reaction system For . QUINALSRRE! Skbgn of equi pment
or transie obbeé’?saatrl%fﬁgsrgﬁa?(tco . 'g{gaﬁﬂlr'ltﬁﬁrﬁ&g&%r end of one pygliée of a batch

catal yst nmanufacberitstp fopefisisied patalyshpageclesc Puppatigles Sndairdedfort he sjeve or

conposi te material . By <f S5 R0 446398l | s or 25 floors of equi pment. The
clunps are then scarded as a loss in the catal %,i%t aélnglnuf acturing
Pdhapdh

process. The di scardhogh Hnisked catrlyst patiglesregegrlyd %

or oversized
cat al yst cl unpgoibjar RERRbL@PBHEAS, tHel @piine RCRMGKE de Siphpsifabitrises Ther ef or e,

met hods for effectively recoverin rLd reusi ng sttha?rﬁcﬁesa(}rtd{x&& ion particles
and cl unps lar e Fugkreg dides ‘P%’B?““@Gm% ‘%t 5 ﬂﬁ]‘s}fgﬁg ystp g

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
cxample, through misoperation of equipment or transient operations at the
beginning or end of one cycle of a batch cétalyst manufacturiﬁg operation, large
clumps or sheets of the sicve 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



WO 02/ 0- 950 PCT/ US01/2067G 3 Sunmary of the Invention In order tofl2 AN 2005
| osses of nol ecul ar sieve-containing attrition particles and/or clunps
during manufacture or during use, this invention provides a catalyst
conposition which conprises nol ecul ar sieve-containing attrition

particles; 5 virgin nolecular sieve; and binder. The virgin nol ecul ar

sieve can wwchuees dried attrition particles and/ or caCulssReszd unps. The

nol ecul ar sieve-containing attrition _particles can include virgin

mol ecul ar si eve and binder or cal cined nolecular sieve catal yst particles
whi ch contain nol ecul ar sieve and binder. In another enbodi nent, the

invention IS kEmmMadyREMethveitionaki ng a 10 nol ecul ar sieve catal yst
conposi tion whi ch conprises m xi oget her nol ecul ar.  si.eyve-contai ni ng
attrition particl ¢80 g tl?f%‘fsé’gg’f)g? L PEVFECORBHEE H{msnpgﬁl t'l"‘l%i nder. The

m xture is thepd/sichags t@ideeiaubhiee ondueiaghsasthis ineantioc proalissstcatalyggnposi t i on.
In yet another enbodinent, the invention is to a_[e: .of . maki ng ol efins
15 from an oxyoEPHEE" g&é&&?%ﬁ@ ﬂﬁqx"é‘q'ﬁfesﬁ%’%'a" S ?‘ﬁ%‘b%&%@%di ng a catal yst
conposi ti o t hagin@dhbahnkvetant bihdeanTipairginaloksylansiergian indidedutdar si eve, and
bi nder; and contacting t catal yst ¢ Lt on W.th. e to forman
olefin pr oducﬁ?tr’tﬁ?é’aﬁuﬁ@%ﬂ{aﬁ’éﬁa?% sg%iurin e ud‘gozécghpn%v%%&oé %%@5@ ing

mol ecul ar  si eyerticleo pirgihciidegirgin trolecilansicparmidibliedr caeifed meleguizat al yti c

composi tion. The. IEIPHRRs AIBLIREPnbBARY GLoA bilg 0l ecular -

si eve- cont ai ni°*hg At 8 on particles froma calciner process unit; mxing
at | east 40%the rEcovtkeretbedimenttheinrvestianieto agsthod phnakénsdt triti on particles

with virglf, Mol SGHALe Sl EQARANGNRh ARfriscf ATRASheiBtndRal Xt Ure (o
alys t abl h

forma cat conposi tionh, Desirably, the mol ecul ar sieve-containing
attrition par tsiegé-eentaimng atifitps petitles Viignmeleqayiieyy copeanenisandt | east 25% of

the catalytic lﬁrﬁ%ﬁ Vit Ynix@hre §sNEenGIRRd © SRRANEH Adleculdt §igk Batilpdrecul ar - si eve
containing particles. It is also desirable that the catal yst conposition

have an aver agé™piti®fcl e di aneter which ranges from40 umto 150 m and
the nol ecul ar si evgr&psHolernbabitient! thoORvinasd is € Afctiddiof makimygefinm aver age
particle dianmeter of |ess _than, 20% of t.he avera?qveditg)artiglte di aneter of the

catal yst 30 cdfRTd¥I ¥ ERate fHIsocle Lo Aol SEBH IR 4Rt e cul ar
si eve- cont ai ni dagpadittoni thit@Bntaipadtitiel peickavpgih selcbessicvh ar B8leut . % coke.

and contacting the catalyst composition with oxygenate to form an olefin product.
The invention also includes a method of recycling molecular sieve-
containing attrition particles to form a catalyﬁc composition. The method
20  comprises recovering the molecular sieve-containing attrition particles from a
calciner process unit; mixing at least 40% the recovered molecular sieve-
containing attrition particles with virgin molecular sieve components; and
compositing the mixture to form a catalyst composition.
Desirably, the molecular sieve-containing attrition particles have a
25  catalytic activity that is at least 25% of the catalytic activity of the corresponding
virgin molecular-sieve containing pa.rticles-. It is also desirable that the catalyst
composition have an average particle diameter which ranges from 40 pm to 150
ym, and the melecular 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.
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the invention, the nolecular sieve of the nolecular sieve-containing
attrition particles is selected fromthe group consisting of SAPO 5,

SAPG- 8, SAPO 11, SAPO 16, SAPO 17, SAPO 1S, SAPO 20, SAPO 31, SAPO 34,

SAPC 35, SAPO- 36, SAPO 37, SAPO 40, SAPO 41, 5 SAPO 42, SAPO 44, SAPO 47,
SAPO- 56, theovas®d containing forns thereof, and m xtBGT&S2AEf eof . More
preferably the nolecul ar sieve of the jol ecul ar sieve containing

attrition particles is selected fromthe group consisting of SAPO 17,

SAPO- 18, SAPO 34, SAPO 35, SAPO 44, and SAPO-47; nost preferably SAPO- 15
and SAPO- 34, incl ubluanthtrrdesmétrathodmntceﬂthwmgntfoo.rthtsmﬂmiae@lﬁve ¢ m xtures 10

thereof. The MRUGEH &L saéve%brﬁaf.ﬁ ik Dl pRLIEEUL o B Bro Rt Bblisigg AL LT T LT on

particles ar ‘st eve can have Sane franmewor k
conposi ti on orof SABY-5, &@RO-ISaSﬁé’CHUf paPari. IAPEEWBARO-EH P8 A0 ons. I n

addition, the %baily%;@%& §Aﬂ‘rdfbeSAP@'§9r§A§’@ BT ORbRo, RRPOI4ial sel ected from
t he group consi st’ing | 'um num 1ron, cobal t, 'vanadi um nickel,

silicon, ard cOMS-HaBABRL4 HECHE SARGES, rthfdeqtqla?p&m%%ggs theseadi | y t akes

pl ace when t N€nG bR rYStherCRTRRR rd fQIb1 Bie neRALAGERLLf Welibldcier wx¢genat e f eed.
Preferably, the catal yst conposition is contacted Wéﬁ%}’@)} xygenate at a
el’o

t enper at ur e ofcoptpigie ZiGEon Ryrielse . selectidfogHibe Srpp FoISsting, city of from
1 hr L to 1000s4pp-18, SARD-33, PUEEE S ERPOHM4 fHOBARD-B7; KtB@t;Q&cmﬁlﬁlySAﬂBa The

ol ef i n product preferaly ri ses .ethylene, pro r conbi nati on
t hereof. Briefls Bé%%ﬁ%ﬁ4dﬁ°?ﬁgtt?%“ﬁlﬁwt%ﬁ%g g’ﬁ%s t%?%i’ éjmi"ﬁ{?%ntl on will be
better understiaqebfby reference to the 25 Detailed Description of the
‘I'nvention when takigwglg agﬁigve%E ol eeul‘%ts{e%c&egmn%r% Q??om aer ein: Fig. I

shows a general rition par reaction
process; Fig. @dskowginarcipeniersidve p:&dl@mhg/sa@eﬁamoeif coatpwitctmcmﬁlcparu cl es

5;&”‘230530 cat gl Y5f; IR AGAMIOHOGNBIAGES Sn 30fiR, GEAGYsONn Rir@eess; and 1 2

comprise erosion material selected from the group consisting of aluminum, iron,
15  cobalt, vanadium, nickel, silicon, and combinations thereof.

The reaction process readily takes place when the catalyst composition is
contacted with the oxygenate feed. Preferably, the catalyst composition is
contacted with the oxygenate at a temperature of from 200°C to 700°C; a weight
hourly space velocity of from 1 hr' to 1000 hr'; and a pressure of from 0.5 kPa

20  to 5 MPa. The olefin product preferably comprises ethylene, propylene or a

combination thereof.

Brief Description of the Drawings
The present invention will be better understood by reference to the

25 Detailed Description of the Invention when taken together with the attached
drawings, wherein:
Fig. 1 shows a general recovery scheme of attrition particles from 2

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/ 05950 PCT/US01/20676 5 Fig. 3 shows a recovery schene of a1d$sTArhe%[15
enbodi nent where the catalyst reaction systemis an oxygenate to

catal ytic process, and the process includes both a reaction unit and a
regeneration unit. 5 Detailed Description of the Invention This invention
significantly reduces the | oss of nolecul ar sieve-containing catalyst as

a result ofwattigdsei on or clunping. According to this PRVEMEYH attrition
is a physical decrease in catalyst pasticle size which occurs during the
catal yst nmanufacture process or during the use of the catalyst in a
reaction process. 10 Attrition particles are smaller than desired catal yst
particles which exiig 3sheviaesvsry schemppfiirdsied FROISEEYEETSIe r eact i on

process. O unpip clreacttda%yM%@@lyg@@@w@atm odlalgtfc peats) andthepar ticl e
material that ta E‘l ace in the cata({%rt manuf a turl ng process. C unps

are | arger théFPC?;Fé?i" def hodyadpardqn Yl Ag eege‘e&ﬂ"élﬂl ‘exit or are rejected from
the catal yst manufacturing process. 15 During the catalyst manufacturing
process, attriti an. and . cl unpj ng_ occur as the catal yst conponents are
corrp05|ted5an e esgamion gilas ated to provide a catalyst having a
desired size as we'rths ﬂsendbm&gmﬁ]:laﬁtbfaﬁdubaashe sk ef hd@eawlar genrpostrinisg i ncl udi ng
its associated verb f C nor e
material s t hat®P¥as %regu dfaghﬁﬂr?nto hén.lpgn?g,' %@%}g% ﬁ%l n9ént15%("% i shed state.
Thus, 20 in thﬁapﬂﬁmw‘laenrcmsaenozftalgstpmﬂiréec;iﬁea\rhi@ioecxué d@mfawﬁf%@fcat al yst,
attrition and C'-llmlil roc:gsgl &9&%{1’1 Qs%oﬂﬂgca(%ﬂ}tsﬁnX%ac%@?&@ﬁms are combi ned
and subjected TO va i processes to formparticles in the
fini shed stoat e%ttrl'ﬁhmplg!ml%statersrrtaﬂ@Ifhaﬁﬂ%ﬁlfﬁQféélYﬁt paltﬁc%wdswﬁ? “1¥he catal yst

- manufacturing Agarngﬁaﬁégf ]glt;‘éﬁul)@ﬁrg&%t ClEQRMi daapx%sdlag egdﬁwcﬁg and

cal ci nation. a res what is 25 t known as

cat al yst cl unyratabypi@attigle mstprialthat hiiti Al 8\9‘?38 m\ﬁ/& 5

rei ncorporate @t éartél eﬂl@ffntdeﬁleﬁﬁatﬂﬂdpa@dxdwﬁ%mh etitortaft@ejbdtedd fedned cat al yst
particles, there uci ng catal yst loss. Attrition also occurs in

conventi onal rbu@t Yéhm?i'l”f?&@ YRO%Hi ch use nol ecul ar si eve-cont ai ni ng
catal ysts. (4 n thesgum@ﬁ@&m&t maﬁ;faﬁmﬁngmnodes myim'amliblymphgcareo result of

relatively harsh en |ro nment al nditio st is exposed
during the ove¥at s Pe5Ht ?'Séﬁo%"l%%' §§e.°°?ﬁe§%&aé%m@ t&gh r{ga%fp%%} 4 % extreme

t enper at ur es asowd d catalysthecihanisadd sgt pesdlas othbraropetiies CAe4™Mist encount er s.

Attrition composite, including its associated verb forms, refers to 2 combination of two or

more materials that form a solid unit (e.g., & particle) in the finished state. Thus,
20  ia the manufacture of a molecular sieve-containing catalyst, attrition and clumping
can oceur as the catalyst components are combined and subjected to various
physical processes to form particles in the finished state. Though attrition may
occur at many steps in the catalyst manufacturing process, the two largest
contributors are drying and calcination. As a result of clumping, what is
25 typically known as catalyst clumps are formed. This invention provides a way to
reincorporate attrition particles and clumps into the finished catalyst particles,
thereby reducing catalyst loss.
Attrition also occurs in conventional reaction processes which use
molecular sicve-containing catalysts. In these processes, attrition is typically the
30 result of relatively harsh environmental conditions to which the catalyst is
cxposed during the overall reaction process. These conditions inc}ude extreme

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



12 JAN 2005 WD 02/ 05950 PCT/ US01/ 20676 6 particles are produced as ?
result of the harsh conditions in the reaction process, and this 1 JAN 2005
i nvention provides for recovering attrition particles and reincorporating
theminto a catal yst conposition. The nol ecul ar sieve catal yst conposition
of this invention contains 5 attrition particles; virgin nolecular sieve;
and virginwonrdessomaterial to hold the attrition par tPCEUBY/Z8TE virgi n

nmol ecul ar sieve particles together. Fqr the purposes of this invention,
the adjective "virgin" refers to catalyst conponents that have not been
cal cined. Conventional binders and their' equivalents can be used, their
primary pur pogetitied agpothatd ofa rmhrpﬁhct harshgondtenyathegeastiontredessst conponent s.
10 O her catal onent s d ruct ur al

aids, or fill é?'(dsﬁnsv\%vm Onﬁr%’lq%%p?k%gr% ﬁtrfngr?ﬁagté‘%l%q{lﬁslt% &Eﬂgﬁggitgerl stic, such
as heat capacititeyn ioto aaatdlyet compasition.i on resi stance, or surface nodifying
agents whi ch cont rgl, rﬁéiécﬁjﬁi?gem&té\w&ar&pos;ﬁgrtdf\&hé fﬁvenhsh GBhthigd N cases, a

si ngl e conmpound nay act a“virgin binder filler. In any
event, at |Seastritmeaniclegivirsipimetierlarsievs pad @Eﬁﬂiwe@ﬁ@e‘i%mr‘*@ﬁ&‘? ed. 15 The
nol ecul ar i e‘éﬁn&d?ﬂmmes@srﬁi\/&fwmhtyle%u1hﬁyeeafadrﬁm\ss@@gethae Faend } \Irﬁﬁe@r non-

zeolites, with non-zeolites being desired eneral i mol ecul ar

si eves are clohthsinveaionnthe BRGHYe rﬁ"&ﬁ“of?&?‘%‘%mﬂﬁ SRR ?1"6 ust 10, or 12

menbered ring bcéltcfaléﬁﬁe&'f@&veﬁﬁﬁﬁemﬂdmaﬂiemqmm&&cﬁ:xausbdaat\/ﬂucmn average pore
size ranging from about 15 an strons, ﬁswed are the snall pore

non-zeol i t e MFIBRLN PYFPOss Reingdhas b ATRTSHgE S VANAES ARYShHIROM e of | ess than

about 5 angst rm[@,catggﬁfc&ﬁ@iakr)ts @R iRMed hoR thapmts ssuch@atrapdagir fitjers r om about 3
to 5 angstrons, nore SIEA] dde‘ghese por e

n
S zes are typ i et v Ry s & e
Convent i onal Qﬂttﬁﬁdsxﬂledmmﬁe al umﬁamsqdi@mgagmx @bich tmolrsamqqgatdmlcal yt ic

activity 25 are de?l [ amca.s égﬁ%p?ﬁrmé)%ﬁrﬁl Suchthi@got QO}rQ@bM&&dea{] the

practice of thql‘élfyh\fbc Fon. ze0|te materials are
descri bed in UilSr Raty evstsat lBst@80viRivbingdador iige@unglengoreqiesth of which are

| noor porat g her of i Pioib Gl LA SmpHiafls b (B iffon EXATRLARs B o0l T LS whi ch

can be enp oyed in € practice o I'sS I nvention i ncl ude bot h natural
and synt het i ¢ zelisks, Wil norFivelles beigldesireds [ gerietah &heRobonisieveYarg he 30

structural t ypc..?ﬁmh&fzgs lﬁgﬁg nﬁc'?oplbn»@s ﬁ&&a@s%a%g Z_‘QQJ drliemebdiedingal Types”
edited by W structures. These ring structures can have an average pore size ranging from
about 15 angstroms. Desired are the small pore non-zeolite molecular sieves
20  having an average pore size of less than about 5 angstroms, preferably an average
pore size ranging from about 3 to 5 angstroms, more preferably from 3.5 to 4.2
angstroms. These pore sizes are typical of molecular sieves having 8 membered
rings.
Conventional crystalline aluminosilicate zeolites having catalytic activity
25  are desirable molecular sieves that can be used in the practice of this invention.
| Exarnples 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, .
inciude both natural and synthetic zeolites. These zeolites include zeolites of the
30 structural types included in the "Atlas of Zeolite Structural Types” edited by W.
M. Meier and D. H. Olson and published by the Structure Commission of the



M Meier and D H O son and published by the Structure Conm ssion of the
12 JAN 2005 W) 021415959 PCT/ US01/20676 7 International Zeolite {7} JAN 7005
Associ ation in 1987, the descriptions of which are incorporated herein by
reference. Zeolites typically have silica-to-alumna (S 2/ A1203) nol e
ratios of at |east about 2, and have uniform pore dianeters from about 3
to 15 Angstwmmsvsb They al so general ly contai n al kal i PEBUSI2&AE | ons, such
as sodi um and/ or potassium and/or alkaline earth metal cations, such as
magnesi um and/ or calcium In order to increase the catalytic activity of
the zeolite, it may be desirable to decrease the alkali netal content of
t he crystal |l i mge@mshiltZeolito Absesation a8 3 lduieschptints oR4highraef er ably | ess t han
about I wt. % and ['rgrhemitr)lrbe;e%rgmy | ess than about 0.5 wt. % The al kali
10 netal cont éCPPBFGCETORY "48° 1S known in the art, may be conducted by
exchange with oneZwtitentypizalydiavaoniva-tedlenine@i@rdrid:) meleGtisugfst J1 B t hr ough
V11 of the Perj.odi £ Fl t iz @i of El enents
referred to hek'fd%({aﬁa%tg’ Jg?%‘/“gr‘m‘gﬁf"ﬁﬁ I&g%?%g%ﬁ&(ﬁa ﬁlc%hlggl[r#g{jlrf/ﬁagﬁtgdn%hysi Cs,

publ i shed By tlhey Gvesriaally Rutbibebcali peip|cptions. seph chipgamand/or ST d, Ohi o,

45th Edition, 1664k i8Sk hetaBStids shens® rydEi@R aRricABEmO(n Ra@si ¢ adducts of
hydrouiumions, e.g., NH4' , capable of conversion to a hydrogen cation

upon cal ci nat itoincreBe dierca@lybarctighof i grolitelt pay be degigblefydeceayetheym

magnesi um  hydnQageR.aamedi ofkidl8StliResemt o 1h:0 ineuahenges, frekhogs are wel |
known in the art and are described, for ?xa%, Ing U, > )l;a ....No.

3, 140, 249; U. dess phap abonpl W8 e ansl mase prefergoly)legs thgsgbout Qg wig %, She sl ¢ e
teachi ngs af 26cMabBdnt AEBERER ¥ndwido 1P af i be byndiedddyendenge Exanpl es of

ool s SUl e Lo MRt L KB OB B RLgE, pore | ool 15
general | y has mripd Batid dfelenfents hoPenindc Tabdd af Biesnente oifirted it hppasis such as MAZ,
Y. Zeol ite 25 ey RREbTHE Cugs ERPsE BBl R YRR P - S ©
and ZSM 20. A PubidhingOoppaey, Siezatand A¥tad, y§th Edidiored 6d4).ys Welbasavifbor e si ze <7 A,
Bper tur o5 ConalSen aisn i AR o A et ot Rper ed ring
struct ures andohvecdiande a WrlirogeEition pppcalcimton. Rasired qappns irp:EFQ? a8nd TON.
Exanpl es of m&hm&?&&ﬁ, rﬁ&ﬁésiu&n@hﬁ‘d%l:ﬂjﬁ@ mixtures thereof. Ion-exchange
methods are well known in the art and are described, for example, in U.S. Pat. No.
3,140,249; U.S. Pat. No. 3,142,251 and U.S. Pat. No. 1,423,353, the teachings of
20  which are hereby incorporated by reference.
Examples of zeolites suitable for use in this invention include large pore
zeolites, medium pore zeolites, and small pore zeolites. A large pore zeolite
generally has a pore size of >7 A and includes zeolite types such as MAZ, MEI,
FAU, EMT. Examples of large pore zeolites include zeolite L, zeolite Y, zeolite
25 X, offretite, omega, Beta, mordenite, ZSM-3, ZSM-4, Z5M-18, and ZSM-20. A
medium pore size catalyst generally has a pore size <7 A, preferably from about 5
A to about 6.8 A; and generally the pore apertures consist of about 10 to 12,
preferably about 10, membered ring structures and inchude 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 § to 10, preferably about 8, membered ring structurcs and include



30 ZSM 34, ZSM 38, and ZSM 48. A snmall pore size zeolite has a porle sJAzNa 2005
from about 3 Ato about 5.0 A Generally, the pore apertures of thé
structure consist of fromabout 8 to 10, preferably about 8, nenbered

ring structures and include 1 2 JAN 2005 WO 2/ 05950 PCT/ USOL/ 20676 8

C-1A ER, KFlI, LEV, and LTA. Exanples of small pore zeolite include

ZK-4, ZIPwsoaseiite A zeolite T, gnelinite, chi nopPfT'BIHE®E¢ chabasite
and erionite. The zeolites can, alsogconprise gallosilicates and
titanosilicates. Non-zeolite nol ecul ar sieves can also be used in this
invention. Desired 5 non-zeolite nolecular sieves are

si | i coal um nopHAsPRAKEL (CEANPOY LiTsl Esarpes of spadhpore zedtifPiarlngsi el ar si eves

general |y COMpl S &l £8 ) HEORON B, SROLAURMCRNBE 2 1 arevior k

structure of , F corner sharing tetrahedral units.
The way Si i szioliorquabsaiceprispgadlosilicates andjigangsiécattan be deternmined by 2 Si

MAS NWR. See Bl ackygl J.o @0 Rafid QRves dan RBYS use@PHAND invEidion 10es3265 (1988). The
desi red SAPO nol ecul ar sieves will _ exhibit one or ggre peaks in the 29Si

MAS NMR, wiSt hnen-zsabirimekacularsioves e lispalumigophipiphite, YL Oy polegsiars o _ 96 ppm  and
with a conbi ngd,Reakp@iRRcif sleldtzedctig oriris@d thie@@GhendOR4l Of the total peak

area of all peaks wth a chemcal shift S (Si) _in range of -88 ppmto
-1 15 ppm  widHeporqys crgstpldiamewprk giryehye ‘grﬁﬁ’lgﬂsﬁr‘%ﬂ apd d"@zﬁé%‘?“‘efr nal

tetranet hyl si kg (hMBNral vkis.| Theiviy BiS ioc@forhthdintot thestraithde evelieuni nophosphat e
mol ecul ar sieve used inrthi ipvention hav rej ativel ow Si, "' Al 2
rati o. In gendftgimungdhy I%W@‘% ‘Pﬁg %eﬁakfg‘val:aflﬁg%on’t“}hgk ‘o%%ﬁ"% He G -C4

sat ur at es 19el egis (1948y,, TiRakdiict BARD nplepriopams wilbbmdiftions orymoré pran  oxygenat e
.conversion reactien,.. i.cularly me G i on } ins. A
'Si/Al-2 ratio'bf®l S%R? H&’r&‘ﬁd‘f‘@é C?{%m]%?ggsh%]gt)sloé?&\\}ém?ﬁé%n%% tﬁﬁ Zﬁ)ﬁr{ati o of not
greater than 26d Qitfcdnenined pehisica éxthat smgk of 28kdspl0% ofdhd totalifealasea gr eat er t han

0.32 being partigyl | i o BERILGH 5'?81??1141@% 3t 1@ pth 11015 Gheat er than 0. 20

. H ¢)
i s nost desired. V'Coal um nophosphat e nol ecul ar sieves are generally

cl assified as wefenliy MiS)chopet sl refat te pitemal terapethygsigre @H1S)or 12 nenber ed

ring strucgures. Thesg rhng: mslifdshMhEshoshte: RRKBIANIAY BEBRELPOT € Si Ze
rangi ng frlz)sm aboutﬂgs.sc%lgf%t ngstr " E'f')ho%siared are the small pore SAPO

mol ecul ar - si evesTRAVETRE raﬁﬁé%iééég”ﬁb&%@ wiggwergihe lpwerdne Har ot 5
angstrons, prefehakl i QLCAVSHLAIIRNE, Fittelanpngbagsddcomyabent 3.5 to 5
angstroms, o ro?cygpe;st]; Sgn%gLi¥11 Ie&%@l,%hr?ic&la&yﬁﬁe%m?ﬂ%ggvgr%{gg to Jgh%g €A POT €SI ZES
Si/Al, ratio of less than 0.65 is desirable, with a S/Al ratio of not greater than
20 0.40 being desired, and a Si/Al, ratio of not greater than 0.32 being particularly
desired. A Si/Al, ratio of not greater than 0.20 is most desired.
Silicoaluminophosphate molecular sieves are generally classified as being
microporous materials having 8, 10, or 12 membered ring structures, These ring
structures can have an average pore size ranging from about 3.5-15 angstroms.
25  Desired are the small pore SAPO molecular sieves having an average pore size of
less than about 5 angstroms, preferably an average pore size ranging from about
3.5 to 5 angstroms, more preferably from 3.5 to 4.2 angstroms. These pore sizes
are typical of molecular sieves having 8 membered rings.
In general, silicoaluminophosphate molecular sieves comprise a molecular
30 {ramework of corner-sharing [SiO;)], [A10;], and [PO4] tetrahedral units. This

tvpe of framework is effective in converting various oxygenates into olefin

products.



are typical of nolecular sieves having 8 nenbered rings. In general]) JAN 2235
si |l i coal um nophosphat e nol ecul ar sieves conprise a nolecular 30 franewor

of coner-sharing [Si02], [AL102], and [PQ2] tetrahedral units. This type
of framework is effective in converting various oxygenates into olefin
products. 1 2 JAN 2005 WD 02/ 05950 PCT/ US01/ 20676 9 The (P02] tetrahedral
units w t hwo dhesé ramewor k structure of the nol ecul afCEUENRIAH t hi s
invention can be provided by a variety of conpositions. Exanples of these
phosphor us- cont ai ni ng conposi tions include phosphoric acid, organic
phosphat es such as triethyl phosphate, and al um nophosp hates. The 5
phosphor ous- cont ai The (g0, piediat indnwitEn e fiamedorpsttusturedeitci ve silicon and

al um num cont ai ni co itions ' Ltions to form
the nol ecul allmzeic@?gfesfeveﬁfgﬁlfﬂwtfn?%% ?gﬁg@?\da uﬁ?ﬁbeméotﬁﬁﬁﬁ%g %e f r anmewor k
structure can Eeemplgro6ihestatiodpioras-srakingizyomposiionriindideipbefghorierefipl es of t hese

al um num cont ai %lgﬁhc?géhqgeﬁmgﬁ‘%ﬁ%ﬁ%gﬁw WS LAl PheRS) kgxi des such as

al um num i sopropox um num ph ates, al um num hydroxi de, sodium

al umi nat e, SanghosplmerdebBEhing cauPoTHERS AeEHIUHNCBRE SIS ™ Conposi ti ons are

mxed with r e%&Eﬂh}{]ﬁ_coﬁlahﬁr&qﬂmﬁ&qmQJ‘\Q@&I@@’#F@&Q@@hg{iﬁdﬂg tRAP@si tions under
e

the appropriate conditions to formthe nolecular sieve. 15 The (Si02]
tetrahedral umidesulpisigyPn the framework structure can be provided by a

variety of conposi fi.qas0,) xRk ERitOVitHiNHE Gafitdde Q@b Ng
conpositions include silica sols and silicium al koxi des such as tetra
ethyl ort hosirrdvedgd By a yasistyf F?%Hil%n?%ﬁ‘??eﬁ P%%?ﬁﬁ%%‘i“ﬁ%ﬁ?%‘%‘?é m xed with
reactive gl UnbRApSRAGnARRSRAGHIIS2l B ileaiuth £Q et poissroporide, under  t he
appropriate 20 conditions to form.the .gol ecf:u% g{lm;o;lg eveq Substituted SAPGCs
can al so be us@HPIPHR pFRleieh U B SPHES P LThPOTRES “"are general I'y known
as McAPSCs or pmidabocianint dihahlnginsiniconaiaing pmpoghos plvatissl withTeastiveet al can be

al kal i netal igﬁggn %qﬁ{p@%{%lﬂ%{@-dﬁ&%ﬂb@lch@%sﬁ@l(éuﬁdﬂ@%@@rbﬂﬁ& oidigp 1A, rare

earth ions (G ing-t ant hani enents: | ant hanum 25
cerium praseadyorinulmmaeotlysitvam samari um europi um gadol i ni um terbium

5 The [Si04] tetrahedral units within the framework structure can be
provided by a variety of compositions. Examples of these stlicon-containing
compositions include silica sols and silicium alkoxides such as tetra ethyl
orthosilicate. The silicon-containing compositions are mixed with reactive
aluminum and phosphorus-containing compositions under the appropriate

20  conditions to form the molecular sieve.

Substituted SAPOs can also be used in this invention. These compounds
are generally known as MeAPSOs or metal-containing silicoafuminophosphates.
The metal can be alkali metal ions (Group IA), alkaline earth metal ions (Group
ILA), rare earth ions (Group IIIB, including the lanthanide elements: lanthaoum,

25  cerium, praseodymium, neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmiuni, erbium, thulium, ytterbium and lutetiom, and scandium or
yttrium} and the additional transition cations of Groups IVB, VB, VIB, VIIB,

VIIIB, and IB.

Preferably, the Me represents atoms such as Zn, Mg, Mn, Co, Ni, Ga, Fe,

30  Ti, Zr, Ge, Sn, and Cr. These atoms can be inserted into the tetrahedral

tramework through a [MeO,] tetrahedral unit. The [MeO,] tetrahedral unit carries

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



dysprosium holmum erbium thulium ytterbiumand lutetium and i%aﬂ_{ﬂ ﬁb
or yttrium and the additional transition cations of G oups |VB, 1 , é 3
VIIB, MIIB, and 1B. Preferably, the Me represents atonms such as Zn, M,
M, Co, NI, Ga, Fe, 30 Ti, Zr, Ge, Sn, and Cr. These atons can be
inserted into the tetrahedral franmework through a [ Me02] tetrahedral

unit. The Mwe@2f*stetrahedral unit carries a net el ectPCl¥SHREHe dependi ng
on the val ence state of the nmetal subsgpituent. 1 2 JAN 2005 WD 112/ 85950
PCT/ USOL/ 20676 to | Wen the netal conponent has a val ence state of +2,

+3, +4, +5, or +6, the net electric charge is_between -2 and +2.

| ncor por at i on Yrenglsenat comporg B ianiensestaepf it ¢ 3 TPy W et Wi "&hed addi ng t he
et al Conﬁon?@tepﬁu ElhaRig hiwé’tktr&ﬁsz' z&df}fz. Inlaﬁpormbgat:qub ﬁlétaﬁdoﬁx‘g&enﬂ'ﬂﬂ\r/]\lev_er ,
post - synt hesi s i on exchange can so, pe used. i.n post . nt hesi s
exchange, t he el 2Cemplis de&’F“ﬁeﬁf‘i"BﬁﬁfE@t uirg %H‘g‘esl“n‘if%}éi on- exchange
posi tions at afbiREersiddl Haeeenbost-byathesd va elchingStauBe benotd.i lnpastt he
framework itself. _ Suitable siljicoalum nophosphat.e | e i eves

ol ude. SARO Syntisas SShE B R Bl S B i P GRB A OB BaedaD 5
SAPO- 31, SAPOpc@fons SARMQpatsurfRARONS GolcBARGI S not SAPGe AQmevBAPBefl, SAPO- 42,
SAPO- 44, 10 SAPO- 47, . SAPO- 56.. the t .al.ni farws: t hereof, and

m xtures ther eof . %@%“‘F?é‘é‘“&‘r“ﬂ&gﬁlﬁ g@%@@%‘%{"%ﬂ%’&%ﬁ,ﬁ SAPO- 35, SAPO- 44,
and SAPO 47, (-8, 84lPax1lyS SR, FArand. Sl AP R0] Uiyl BABOnet al

contai ni ng f°r3'15§/A1§6l}§§,"s9fPo-3%”§k -’5?,%5@6-40%}%’_31-, sABoUs eshptRELI N, the term

m xture is synohyno w th "tonbi nation ahd is considered a conposition of
matter havithg SAD-6F SABDS6,1t6e wetatsorteining fanns Yieresfi ad MpFeportFdns, regardl ess

OF their phySigal. 5tad oA sAPUIINORIRSPIAARE. 36 AL saalacaticarr Si eve can
I'n e catalyst f th

al so be include co_rrp-os; tion o I's invention.
Al um nophos phateicnipiliesAP A 8 sdeSAPO-Hy clugipg e Birtel SR IHIE fBPSr ous oxi des

whi ch can have,a0,:AlPOkkdEATBRURT Ks ushh8d it AR wdiaiRmaddijebgabs el enent s
within the framework, typically have unifaormpore 2Q di nensi ons rangi ng

from about 3 amgsemsHainnd FGaTsidersd A RYEROFEARCT e Payee WOZPEBI% of nmmki ng
si ze sel eci§ Ve sphrhati @ifin®frofBRticas wealdicsuf tie physibirsatet han t wo
An aluminophosphate (ALPO) molecular sieve can also be included in the
catalyst composition of this invention. Aluminophosphate molecular sieves are
crystalline microporous oxides which can have an AIPOq framework. They can
have additional elements within the framework, typically have uniform pore
20  dimensions ranging from about 3 angstroms to about 10 angstroms, and are
capable of making size selective separations of molecular species. More than two
dozen structure types have been reported, including zeolite topological analogues.
A more detailed description of the background and synthesis of
aluminophosphates is found in U.S. Pat. No. 4,310,440, which is incorporated
25  herein by reference in its entirety. Desired ALPO structures are ALPO-5, ALPO-
11, ALPO-18, ALPO-31,- ALPO-34, ALPO-36, ALPO-37, and ALPO-46.
The ALPOs can also include a metal substituent in its framework.
Preferably, the metal is selected from the group consisting of magnesiunt,
manganese, zinc, cobalt, and mixtures thereof. These materials preferably exhibit
30  adsorption, ion-exchange and/or catalytic propertics similar to aluminosilicate,

aluminophosphate and silica aluminophosphate molecular sieve compositions.



dozen structure types have been reported, including zeolite topol g%s?@l 05
anal ogues. A nore detailed description of the background and synt p
al um nophosphates is found in U 'S. Pat. No. 4,310,440, which is

i ncorporated 25 herein by reference in its entirety. Desired ALPO
structures are ALPO-5, ALPO 11, ALPO 18, ALPO 31, ALPO 34, ALPO 36,

ALPO 37, aRrgh AkRGh46. The ALPGCs can al so include a neteahusulsdsit uent in
its franmework. Preferably, the netal .js selected fromthe group

consi sting of magnesium rmanganese, zinc, cobalt, and m xtures thereof.
These materials preferably exhibit 30 adsorption, ion-exchange and/or

catal ytic propgdnite@Sf thisrdds&ndti@irplepmitivasicl decabed,in UssParNaiophosphat e and
silica alum noogﬁg@hate WSE{%I aé *eve €9 95| tions. 1 2 JAN 2005 WO

02/ 0950 PCT/ US (Y s & 2P &Y S Hi '€ "t1"dES and their preparation are
described in U S %nmtd&l@ontmﬁn@ﬁll?@hﬂﬁyeathmadmnmﬂelimhepgpw by reference in
its entirety. Th t al ntaln - v I ee- Ch i onal

m croporous W {ére roe%(nsg%r h?[ﬂ)ﬁféflt %d?? %e&tﬁfggs'dfhgﬁq%z t et rahedr al
units. These asnuBctnedsHuantes(edehsionteio tappe Knnmo@aimc@ml)eﬂambq enpl ate prior

to calcination) r&g&&;& %%gls?wgﬁz lggﬂ%u %uhﬁfﬂcﬁlg‘o&?sl asCONposi tion, on

an anhydrous BEST S erein represents at Ieast
one organl c tenp lating agent predsRriMARPAGe |ntracrystal i ne pore

system "nf ' Rleft 9%’% gfrégs‘m@he%é oflf orgdRic t&ﬁﬁﬁﬁ@ﬁge%res@ﬂ?hﬁh@f 10

(1y1, AlyPZ) Q2 an val ue of from zero t he maxi mum val ue in

L |

each case depetmgrmtgiha@me TYREMNT SBRIFSEHS F ﬁ*ﬁlﬁ%?foﬁs PGETCnESEMPE Rl at i ng agent

and the avgj | Etpi 3 P"% %MQASL&%IU@f)fﬁCh'EZCRQBe 3SHSheimeh vilheinpahtchseul ar net al
~al um nophosphat e i nvol ved, "z" represent the nole fractions

‘of the netal depgndingppon th%‘ﬁ‘d?ﬁé‘?f E‘H‘;"“SH’&?\%WE%‘BPMWH%“&% ®obal t), al umi num

and 15 phOSphQ{vhi{%blerveiﬂ%mm%Bﬂhypor@fy@tﬁﬁmfth&ﬁarﬁcﬁ.tafalh!ﬁtlral oxi des. The net al
cont ai ni ng ALPCB a

nmet i s refer .o MeAPO. Al so
in those cases\iHaY pgoslp %e%?'é‘id’ “Me a'i‘fﬁt heep{%%ggfn?ﬁgrﬁ‘%s Oatﬁmagnem um the
acronym MAPO iifetappt j(eel rie@ndsiaen, menpesd, tinomd cBhair), klamiopmaMPO, M 1APO and

CoAPO are Eipl ied to th osli tt %amla&:‘p}uggnt ain zinc, 20 manganese and

ec?ve esent as t
cobalt res ctH’\?séﬂh?”S TBP Pt R Var ous Struct ural speci es
The metal contammg ALPOS are sometimes referred to by the acronym as

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

20  manganese and cobalt respectively. To identify the various structural species
which make up each of the subgeneric classes MAPO, ZAPO, CoAPO and
MnAPO, each species is assigned a number and is identified, for example, as
7ZAPO-5, MAPO-11, CoAPO-34 and so forth.

The silicoaluminophosphate molecular sieves are synthesized by

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

30 mixture is sealed and heated, preferably under autogenous pressure, to a
temperature of at least 100°C, preferably from [00°C to 250°C, until a crystallme

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



whi ch make up each of the subgeneric classes MAPO, ZAPO CoAPO anq %W%%
each species is assigned a nunber and is identified, for exanple, a

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

nol ecul ar sieves are synthesized by 25 hydrothermal crystallization

met hods generally known in the art. See, for exanple, U S. Pat. Nos.
4,440, 871; whBRbsy43; 5,096, 684; and 5,126, 308, the wethadsisof naki ng of
which are fully incorporated herein b?/2 reference. A reaction mxture is
formed by m xing together reactive silicon, alumnumand phosphorus
conponents, along with at |east one tenplate: CGenerally the reaction 30
m xture i s sealegl Antrstead @eth ap? etas.alnlsymasncksystiaing ogengswipr essure, to a

tenperature of at |east 10 nreferabl y fr to 250C, until a
crystal line P&l etm'i‘tgrw#gﬁﬁéﬂﬁta SF |%°ﬁlo(§&g]tpﬂng‘9°gr ystal | i ne product can
t ake anywhere fromybically] AN i20B6la\MEvERHESE4 (REFY iSO ROB?8 bel2 ar ound 2
hours to as nmuch as, .2 ks, oathlof fkRhnOThSf6ic-Ng W th
crystalline ma Lg‘ﬁreeclllbyvﬂyawﬁfartflg%%hﬁis?cglggb}fﬁgtﬂﬁ B?t?r%tof %ln of thez&pr gduct .

Typi cal | 'y, 5t hearadoge wasicd gr@yaedirydbiureme ngang.gpddiédi n sol ution. It can be

recovered by standgrgd oman Rz ASn PSRk rdbHaakle @ oRhint I | tTation. The
product 5 can al s%g_%ec msﬁlgéwe%ovgge% b tﬁe samg rrg_a_ﬁlsn, and dried. As

a result of t athisrityporst dilsasitaineriop plibelswplate yed invadingsdriditleve cont ai ns

within its porr@d%tirﬁltmikﬁa@t’I'i@ctﬁQilfiﬂeQﬁ‘udﬂfre {sbRilIgTRAR bRuMBEEEePlattaki Ng t he
initial reaction mxture. The crystalline structure essentially waps

around the t enpd the Emplagraust braemesa Fuhd haalecplar SEREARPSHRECHAML t he

mol ecul ar g eug;GANORNhDiedpla@isdbaldved tHQrasliny ihyure @ @nbighdsenpl ate i s
.renoved, the crystalline structure that remains has what is typically

cal l ed an i nt ety ypErly stledsg ey @inaroeY¥ighy cases, depending upon the
nature of the fi naly fHnQdaked, dfperdimchpodt thenatire afthafirel praducitferntedthd ar ge to be

eluted fromthe intrac st?ggl i ne pore system. I N such a cage, the
tenpl ate can Bﬁnﬂlﬁﬁﬁ‘%é‘%ﬂg’/ a °ﬁ‘£§§t° '%dg:%?f%é%’f‘ ipsEdagp Edfra‘ '%5 exanpl e, the
tenpl at e can Bechcadagd me tkmptute c@s e et by a baxhipaasteptihrodess. e presence of an
oxygen- Con#Sa i Qﬁixgl 19 %?e’tentl) fat€ ga%tbggélj:ipe% ér%&:&t%ﬁ?&oﬂb@sﬂéﬁoﬁw ﬂ?és@:gseSi eve in the
presence ol t he o&ygen-c ntal ni ng ga’s an ]heatl ng aft tenper atures from
200C to 900C.of kmoyasrecantsem, gas, by prajacting tebdenl b Fetainng et I He an
envi ronment hap\{fi:sg 3t (lh9 X\.l(ygen—containing gas and heating at temperatures frora 200°C to
900°C. In sonie cases, it may be desirable to heat in an environment having a low
oxygen concentration. In these cases, however, the result will typically be a
20  breakdown of the template into smaller components, rather than by the
‘combustion process. This type of process can be used for partial or complete
rcmoval of the template from the intratrystalline pore system. In other cases, with
smaller tefnplates, complete or partial removal from the sieve can be
accomplished by conventional desorption processes such as those used in making
25  standard zeolites.
The reaction mixture can contain one or more templates. Templates are
structure directing or affecting agents, and typically contain nitrogen, phosphorus,
oxygen, carbon, hydrogen or a combination thereof, and can alse contain at least
one allkyl or aryl group, with 1 to 8 carbons being present in the alkyl or aryl
30 group. Mixtures of two or more templates can produce mixtures of different
sieves or predominantly one sieve where one template is more strongly directing

than another.



oxygen concentration. In these cases, however, the result will typizdANy 2005
be a 20 breakdown of the tenplate into snaller conponents, rather than by
the conbustion process. This type of process can be used for partial or
conplete renoval of the tenplate fromthe intratcrystalline pore system
In other cases, wwth smaller tenplates, conplete or partial renoval from
the sieve sam:bmso acconpli shed by conventional desor pttLoHESpR2EBEEesses such
as those used in nmaking 25 standard geolites. The reaction m xture can
contain one or nore tenplates. Tenplates are structure directing or
affecting agents, and typically contain nitrogen, phosphorus, oxygen,
carbon, hydrogen diepmsanoaibs nmplatonine!iderteinthylammoaism salisso contai n at | east
one al kyl or ar i qﬁ%ﬁ [ nt in the al kyl or
aryl 30 gr oupa’cﬁp%g{}?rg@e’o%lqto\%a%ﬁ&(#gl}egﬁ{c’e Igigg_’sﬂ%ﬁ Hgl?a?),duce m xt ures of
di fferent si exctshexylangne torthsl dyrdrpxyelylamiss apehliney @PERdaighpl ate is nmore
strongly di [ eqbi yriRRN AR BRne alkPeotbaRR0RR. B24:LE2RRIRETUSOL120676
13 i Representati ’e.tenpfat eS i nclude tetraethyl anunoniumsalts,

cycl opent yBar ficthylamine syslebepriprineyRIPSSHES RHEID5 SPRIPRYSTHRS, te‘ff?‘iﬁéf? hyl ani ne,
cycl ohexyl am Q,%moﬁiﬁiin-sﬁshdqxoﬂMﬁi@%xﬂtrﬁy&@mne&of. eE phedtyenmativar opyl ani ne
(DPA), pyridine, isopropylam ne and conpi natiqQns thereof. Desired

tenpl at es ar esBisineude iracini HamoRiye Rk I('BEEPh(:) tetr Iaﬁ'éf‘rf“a?‘ﬁ‘ér? pyri di ne,

i sopropyl ami n?hosb]?aker, ReLAIMI amABHTEA AlkeAAS adtksthyldinplosipy bestiie, and ni xt ur es

t hereof. The tetraethyl arnnpni.um saptﬂﬁ? i nclude te rae?pcyl tf?‘r[”m”i um

hydr oxi de (TEK@%‘PYIPW&‘&PWP“MW MHHEELIERE: CREF SEtHY!T anmoni um
fluoride, et haaiolyh salfImtEtHARDI @M oddm hythekidaatdhyttaethpimonioumchl or i de,
tetraethyl a nium acetate. Desired tetraethyl 10 aunnoniumsalts are
tetraethyl art’ P8R m hydr oxi de and tetraethyl ammoni um phosphate. The
SAPO nol ecul ar si elie SPCUstlenuir sevs sttehed dae bt eifestivelycwntroliod bweg usi ng

conbi nations of t.e rq i j sired

enbodi nment , t“ﬂne‘gl%%ﬁ%a érrtg??ﬂepé% arF 9352?6 ég?nsd%%ﬁgg%{léaﬁgfﬁg?{ﬁgﬁé tenpl ate
combi nat i on ofthelBPTEA@Etuian sie i ipmerpAcRirsl naEng al"ﬁingla@é?iﬁ‘?lﬁaéﬁlég results in a

particul ari'Sy q%%\id}?*cglld%ipropylamin& This combination results in a particularly desirable

SAPO structure for the conversion of oxygenates, particularly methanol and

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

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

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

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

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



SAPO structure for the conversion of oxygenates, particularly rretﬁ/a‘n I ﬁh
dimethyl ether, to light ol efins such as ethylene and propyl ene. 3&'}{32 5
sieve and catal yst units nmay nmanufacture materials in a batch or

conti nuous process. 20 The nol ecul ar sieves used in this invention are
preferably crystalline particles. The crystalline particles are m xed

wi t h nol ecsoannsiseve- contai ning catal yst attrition pa8fVF¥NEs7or cl unps

and a virgin binder or binder equivalgnt. Generally, the m xture also
conprises water, either introduced along with or added separately to or

in adm xture W|th t he catal yst conponents, to provide the 25 m xture with

a desired fl owsemf@ﬂemmg;hesmmd%ulassme ®oesive yhe tehmbatgrirom the enojesularhen

physically process dried IL.Ghies paficidwfesi red size. The
product of ﬁléved?‘gl%aé’ esgdtlog%('ﬁ%g)rgﬁg%(ehg ag;tg fini shed catalyst -

particle, si n(ﬁardatedilmdmasponaﬂ@sd dendity froml teecfuftionr f@ioéﬂiéf‘é{ﬁﬁfoét her conponents.
The virgin binder Eé:&{'_%%f%@@ d%%?ﬁééfﬁ‘l‘éy acts as a "glue" in that it
SEET i n ar

hol ds the smali é)[ate cles w er 30 finished catal yst
particle together. Fr&'ﬁfhéf rhdnnfastheed nekewdryisye \ﬁawqr%lp@m%@imo Hiy then be

cal cined in W&tglyét*a?th?s%ﬂ}%m%%%rso%&f%ak&ﬁﬁ&:ﬁi@@}égnh@rec&mlee@l cination of
e

the nol ecul ar eve cal ci nation of Imf’% c}i catq st particle
can be used i fhgsemolaplar sieygprefgridpnglydegbryemplatorpierig 1 PO F'i eu of

cal cining the u@éc@lﬁﬁgl@é" s?:'eﬁﬂ&il} RiednS MR Vidleb e sle@dMRk ﬁ&t&eénl‘c@lﬂilnﬁd‘,le nol ecul ar
si eve, and may 1per or med provi de the finishe ‘{ylyst particle with
i ncreased har Gﬁﬁé longyr 2 éﬁﬁé@ﬂ cﬁﬁﬁéi"’t‘%}”lq‘ P INEY £55P e eroval of wat er

or tenpl afe tRRARL: LRtbhgsEnnvaledarertaloiamijpartitialperticles Fmeshl y

-manuf actured nol ecular sjeve re. incor t ed cat al yst of
"this inventi oﬁ1%%“%?‘%091&%‘#\%&“&?‘6@%%Prr?ceoﬁlgar\?| Ty ?oﬂélﬁ'r% de‘éljﬁaﬁar si eves.
These mol ecul &ﬁol@hﬁﬂﬁ&eprﬁhmmﬂ, the torition phatidids @ret Gmlplsam%tlrnat erial. The term

"virgin nolecul ar si eve . cal I si&ve has not
been cal ci ned, ™ /& PHEFE rgﬁ'g'llﬁpldécggaa %Iw%ﬁiarﬁgeéfhgg?léam %H!S‘g%rts. cle, or

previously Us edutaining cfuuniph frodh Ehefdupivastsiep nf thgcalt@ébm%wﬁc%l?% RPRESSNE ecul ar

si eve- cont ﬂ ning cgrgst{{eleﬁlvgé’ln P‘l%i’euigrlsﬁ% ThOmiedResicleYdoR@ingd igffo0f the catal yst
manuf act uri'ng ‘process are”al so considered virgin nolecul eve. In such

case, the att rixempin agatian rettislss afrap OXYEENafFan'EEIAE retaictﬁbsystem or %rom the

calcination step of the catalyst manufacturing process, are not considered as

containing virgin molecular sieve. Virgin molecular sieve will generally have a

different, usually higher, catalytic activity than a molecular sieve that has been
20  utilized in a fuily functioning reaction system.

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

25  ability as a “giue” 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 toa 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



nol ecul ar sieve-containing particles and virgin nol ecul ar sieve. 1'\’?"%!“?&05
sieve- containing clunps fromthe drying step of the catal yst

manuf act uri ng process are 15 al so considered virgin nol ecul ar sieve. The
nol ecul ar sieve contained in, for exanple, attrition particles of an
oxygenat e conversion reactor system or fromthe calcination step of the
cat al yst nmeMiQPaEPWUri ng process, are not considered as PEFHIMONG virgin
nmol ecul ar sieve. Virgin nolecular sieye will generally have a different,
usual |y higher, catalytic activity than a nol ecul ar sieve that has been 20
utilized in a fully functioning reaction system Simlarly, the binder or
equi val ent matenitattione@fithy rdactbrsyetere eSlich glatehals cag &tcainy sicopemied mét ur i ng

process, or t ﬁﬁ‘é a@?gft#@ges tﬂr&{?ﬁ &ﬁ%%ﬁheocfata@%ttvﬁfhttl'lc%fng@l{eﬁé Sf e, Of cl unps

fromthe cat al yst actur process prror to calcination is
consi dered " viwgita Sbtendél"ﬁleagreroelqmm’aﬂlémclﬂde\a’i“ﬁgﬁw (prtierdaly@tuminidi val ent

loses its 25 afil {dhit Q&a@mxg%x%l sﬁl&ntlﬁll.rﬁuﬁﬁy"slllciw&.Jomgﬁﬁt;dnﬁh@[%oft oget her

after it has been subjecte % nperatures associated with
cal cinationfor a réta%‘ﬂﬁsﬁﬁl%?’@tl@fwﬂ%rﬁ@ti §“°ﬁ1‘6‘fg“’c6‘ﬁ§i’18@r5€83 virgin binder or

equi val ent af t &p,Bel RGNk RS EEH IR rfedGatb memﬁtshéar&mgst%ﬁas K8 ad reaction
system Rather, 1t must be considered as a or other .  conponent in

t he met hod and“@?é‘ﬁﬁﬁ%?aﬁlﬁﬁ agffvity Fr §‘B'ihﬁ‘¥Pé‘"rPPi"6ﬁ°“ fS’(é“W% hestERin ar

si eve- cont ai ni Ngvigtdsietvirgi md@clibGleeSintdriuntal ihtd MGt fin@éd@talykteact or system
can al so contain erosion materials fromt he react.or %/Y %em These
material s can HEGeRPIGEL, theHAYTATYIT jabo o Jep &R ML HBH  Tfe i nternal 12

-JAN 2005 W¢ M&Eﬁﬂ?ﬁ'ﬁir@ﬁ@ﬂcﬂ&ﬁ&%&va&m kG@anss, suatd tent lefst 4bhat r eact or

tem Such i al d t t.h t
parti ol s thr ol PEGRER o EHEcehDarer o EREt M s aSnEed’ of e
reactor system Tha"ﬁecseadysswomtyfmmcekwdk\s formeithaad Gaivmmonurﬂp(eplamdl cularly
alum na), 11055 Ge0Rh Lo oy ARl UR e blPlopaibl | FRLRAL L ar Ly ST 1T ca)

or conbi nati onS "thereo ol esired I'n this invention that t
non-vi r gi n nol etulartis 5@yeof v meleufgsigie of hankingingegliechlel ¥ayeithcor por at ed

into the il Shef, &Rl Aks chRldoblly YA Gm EASULARIS falal LT C activity

for nethanol conversion relative he catalytic activity of the virgin
nol ecul ar si ev@ﬂatﬁnc%ﬁétﬂ%[!le%ﬁfﬁtﬁlﬁﬁeqW@W‘%lhéllﬂ@agf’éaft%)pﬁ%nd gFarti cl e.

Specifically, #Reodkat@shite RGhiryiot 3 Hotd hid 1 tRQARMEIGiuBjesrR] £CUl ar si eve
350°C and a vacuum of no greater than 102 torr for about 1 hour. Then one, 3
miicroliter pulse of substantially pure methanol is passed across the 50 mg of

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

25  sieve)/in(l - methanol conversion fraction using virgin molecular sieve).

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

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

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



10 (NVS) relative to virgin nol ecular sieve (VS), .ivs/kvs, shoul g qu 2005
| east about 0.05, nore preferably at | east about 0.15, and nost desirably
at | east about 0.30. The catalyst activity ratio kNvs/kvs for nethanol
conversion is determ ned at 350C and 40 psia in a pul se-type reactor
apparatus. To determ ne catalyst activity ratio, 50 ng of virgin

nol ecul ar sveeweswe non-virgin nol ecul ar sieve is 15 PEEUS2I6M 0 a react or
tube, nomnally about 12 mmo_d. by about 120 mmin | ength. The catal yst
is first treated by flowi ng heliumgas at 500C and greater than one

at nosphere pressure for an hour, and then the catalyst is subjected at
350C and a vaciibaboaf 4030ofghiemteye il didle@r ¢foterfinisbed abbett 1 hour. Then one,
3 mcroliter I of substanti o e i d across the 50
m of 20 vi r gPlreRt R e Dok R R Rl ee P BABRET 2°T 208 S
conver si on of 10%et frefantd reshod of detavinimé absragapatigie dingetends 2 lasea sui t abl e gas
chr omat ogr aph, aortian f th t . nr - fore any

condensati on i*’%‘ﬁgﬁqgéﬁ’e q”feoﬁ)uéglécﬁ%’?épgiaﬁi%d%%gg&efggﬁtftgﬁ ki netics are
assuned, anid thus Alfieisicdicablys paride pia sustantiedleargenkiad o slse e det er mi ned as

| n(1 - met hanql,, GRAVEL L.l Akl ATadsk BRlOR Bl mRLAsUar 25 sieve /

I n(1 - nethan [*YConiver Sion fraction udl g virgin nol ecul ar sieve). The
attrition partbait &8 infiambiesani iiddm o tonges kaath.gensally for aerdicatitBifer ef fective to

forma finished Sds. BAtibiE s WstinoWuifikdfl dikigaiyabaieaf f ecting the
har dness of thlée&f%%c%%%hesd caltt a ’;/s%wslil)esi rua{bl Y, the&ﬁ ni tihEd cat al yst

particle of t lxenamtesom suniprenayst pagiigles il gnpgatingyaad methadpfdhs cal ~ shape

and have af) avVQLAGR. RahjdagbEous ARBLakatafs 3RtdeisaR.aROEes 3R Ni crons and
300 microns, nore preferably about 30 mcrons and 200 mcrons, nost

preferably abdtie 258P®Rler ons and 150 microns. The non- virgin attrition
particl es desirabl ¥, favwgemth taihe fiagdpalydt piracid demtraion pitikataregr eat er 12
JAN 2005 WD 02/ 113950 PCT/IU§01/ 0676 16t f%g.ggmsarqa(\)tu&al \A{f .((’:/?1 %frm% glne aver age
particle di amsrupdlyFubspatially frsfeaedle PPapeccouspdsiat 4B 08t *r eat er t han
about 25% nore: @hekBiuEh fie radtiog peedser Ptefuaablyatheatteitiod Batidlespridf er r ed net hod
of determning average particle diameter, s, b ri ng technique
- g (& thdnSp Sy | AR ba3§ B the )
but micr osgﬁlopamgﬁﬂ a&%ﬁ”eerco SRR ques gfa_r e SUi té':lnb e 8 K ?I ni shed cat al yst
particle of a subgitanieadht yf theeatigeon miticls,cene tfoablsot grasvinged.  For
exanpl e, a commpg ;GaLa }'r%&tpm?&gbtl)} 1]&1|t %‘e!ﬁ@ﬁ‘xaﬂ aGok | RE8T 1 hdRrsharga: of  about
1/8 in. dianeter and X i'n. or longer length, ?ener ally for application
in of the attrition particles is higher than desired, some or all of the coke Can be
removed by contacting with an oxygen containing gas, e.g., air, at a temperature
20  sufficiently high to combust the coke. For example, coked attrition particles can
be contacted with air at a temperature of between about 250°C and abeut 700°C
until the desired amount of coke is removed.
The finished catalyst of this invention is preferably formed by mixing the
attrition particles or clumps and virgin molecular sieve with a virgin binder and
25 drying the mixture to form the finished catalyst particles. Although it is desired to
mix together the non-virgin or virgin attrition particles or clumps with virgin
molecular sieve and virgin binder or equivalent to form the catalyst, the attrition
particles can be mixed with virgin molecular sieve precursor materials, heated and
dried. By molecular sieve precursor materials is meant the reactive silicon,
30  aluminum and phosphorus components, along with at least one template, used to
form the virgin molecular sieve, as described above. An appropriate mix of

precursor materials will fonn virgin molecular sieve without significantly



fixed reactor beds. Simlarly, it is possible to utilize the attri 'go.m 05
particles Venerated fromsuch |arge catalyst particles in the conli) N(ﬁq
and nmethod of the 10 invention. A nyriad of other finished catalyst
particle geonetries and sizes are also acceptable. To add strength to the
finished catal yst particles, the attrition particles are desirably

subst anti algefisge of coke (i.e., car bonaceous mat er i alcraehc7h or ns on

the catal yst during the reaction proc? Preferably, the attrition
particles will 15 have an average cok content of not greater than about

10 wt. % based on the average total weight of the attrition particles,

nmor e pref er ablaytediag tt@"a@@ﬁdﬂr akibiad Toabult will bk cSfapoBisSds aprith eirBifiky not

greater than about 1 vvt If the coke content of the attrition particles
i's higher t harttdugsn gglec ﬁ‘ﬁ"eor all of the coke can be renoved by
contacting with anC&ﬁWﬂEjﬂai@@Iﬂ{g&hd&ioﬂgc@aSuse& Qxamp&is of comtenonbienper at ure 20
sufficiently high.t mbust e coke. For, exa ed attrition
particles can™ ‘%&’ ?:’(S‘H‘Pgecf“é Wg’t até‘fyﬂngafpr%%%gﬁ‘ fﬁbég Bet'ween about

250C and aboutcoBR&ionsisttivb of here desbf @dbamedint of coke is renpved. The
finished catalyst aof this inyention.is era m xi ng the
attrition particl e§ neypartigiaHy desigble teshn UQ{OWF%’ "fcé m%ra \a/lgm\ll/?m&l %h a virgin

bi nder and 250ﬁéz}tiongatzﬂhesumbtetﬁurlaeutoﬂtﬁdmmbbdtsés tlhcsprayrﬂexjnmocabwst particles.
Al though it is.desire the attrition
particles or c hls mccssqlta °“'m“&f“§¥%%tp m#umr?onrshﬁga\flé’h%%k @5{3 pa%ﬂc[ugél nder or

equi val ent to tflmim':&ctme cgaywd apd catalyshefondon vartingony gepaasttd @Hﬂiﬂt@ 8eray be mi xed

W th virgip Wlﬁgé%ffeq's Slfive: REREHER0L RBLRNLRL S o iBRbRMANd i ed. By

nmol ecul ar si eve ecur sor naterla S is eactive silicon, 30

“al um num and phosplorferingowgseTiesn 3L cxampp oy tpiingcan kssediboyaled ®npl at e, used

to formthe ViL@RiMPo@EUbAE pRldeMeareSGatlBSCEaDeAuAL ISy dfiag appr opri at e
m x of precursor materials will formvirgin nmol ecul ar_'si eve w t hout

si gni fi cant | y tglitgnboniygiones abr sblyiss pdriaenire S967BroHF T PEct i ng t he
attrition partiighiemi reI@:ﬂts'bﬂﬁsﬂhﬁlyN dddeds d@luﬁQBﬂﬂQ% doeny@fyidl Spialyi ON particles
and virgin ﬁm)l ecul ar sieve, en gm 1.ng thodﬁ can be used.
Exanpl es of? cd%W%?@&H&Pm"'ﬁ‘éP%ﬁ H‘l‘éﬂ&ﬂ‘é‘ é f ﬂ‘:‘;{g}i‘aﬁ& at drying, spray
drying, fluidizeg-hadredopizaphedodtalyss, Gombitonaly @b paftictlwe porudror e t her eof
can be used. results in improved process economics in the form of a higher product yield. In
many cases, conventional spray drying techniques can provide nearly a 100
percent yield of particles having a size suitable for use in a fluidized bed. In such
20  cases, little, if any, of the spray dried particles need to be discarded as waste.
An example of a spray drying process is disclosed in U.S. Pat. No.
4,946,314, 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 siurry, the clay sturry,
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.



One particularly desirable technique for the production of a par Lj 2
sorbent or catalyst suitable for use in fluidized-beds is the sp a@ éﬂy Wé
process. This process has been enpl oyed in the production of various

catal ysts, particularly fluid cracking catalysts and catal ysts for
converting oxygenates to olefins. Spray 10 drying offers a nunber of
advant ages wamemsygr anul ati on or aggl omeration parti cuPETESMEEH ng
processes. For exanple, spray drying gan be readily scaled to comercial
prod-action to produce large quantities of a product. Spray drying
facilitates the addition of other additives and reagents to the

conposi tion si nce OthdGiatdrials ain aise &g edibdtocnmisiuregbytaives iddddysto a slurry
prior to spray dr i n ioel es of

hi ghly uni forﬁ‘i @%/zdg'a%lg ‘é"facgmf‘%gm egs nggho J%{[&}sgw%ﬂﬁ di zgd bed

catal ysts, theataljtichlly mdnye mﬁtematmealpalmpwcmranes fBletsdurcvarious é@}lopé in inproved
process econom ¢s in t | many cases,
conventi onal ﬁ%{y‘a&f\? %ﬁ%ﬁ%@%gﬁﬁ C'rQ]{E)Iw ﬁgéhr%e/g% I?aﬂdortha(r) per cent
yield of part Lhaysesarhayfon@ qi raé gaeth sglatsabitdl okides, eibw npmzeglipcatilitzed bed. In
such 20 cases, llotugntg edite c%n%/tcgél s, SRS pixﬁrﬁﬁa Rilitdnl B2oiged to be

di scarded as \X/a 3\ P8 sSpray 3 process is disclosed in
U.S. Pat. No. nwgnc@ldﬁh@iwberﬂh%%ﬁ@éérlicwsdﬁa@ﬂmWﬁP’tﬂ*inéoh e or porat e herein

by reference. nTmJ[%s thPfe O Gficse Hﬁﬁﬁ)né}lﬂs ALY HEARE B rSMih@chantiaW th a
silica-sol binder systemto provid nol| ecul ar sieve catal ysts of

si gni fi cant |y overpk exadst ¢rsk fas Qfg'*)}herl§ﬁls§bfq a5yigt{n heahsiieldine e cptplysion

resistancey, TheiRGkgtaShaR! @enﬁﬂzﬁfga&tc&ﬁtyst(ﬁ%m%sﬁh@dﬁﬂysﬁ‘ ﬁxeﬁﬁth’ Dli];e or all, of
the final slurry corrponents i ncludin g hrﬁz al umc{]a hS| ca, s sI urry, the
‘clay slurry, pefieulahidesirhlediie med w2 B8y P eyt B%LFR/’S BtaﬁerS bi nders are

suitable for use,iRinkRgve a%ﬁ%ﬂﬁ&:tylorﬂﬁ&mamﬂo os‘@r/ge@;aampbmcwgmﬂ na
chl orhydryl, ALCLOH In addition, onents that are Efﬁr?rtagll cally

consi dered fi Inllmsfefe@b’dtfmasabbléﬁtiéﬁl(&’ te plgyt 0.8 eaYe-"gomest Heously serve

as a binder a L& 1 caf b@} r;,ggdt@g Lheceed for a dedicated binder such
as al umina chlqg’r‘r{]db& o O e ) 0350 PO LBD1/ 20676 16 O her

material s tan al soAb@tlwb@de@b“f ﬁlﬁ‘@ mpfegily a8 e dietagra s Aget Hdhat al yst

particles du“dwly&t@am ok BLhLY daR e @@@mﬁpmmshmumlaemmman be various
inert or catalytical g/ inactive materials aﬁa}ém}m a@erel nas fillers,
or various addldtnlﬂ@ﬁawﬂ e iished qaelast ifgpsired THipe BOF % PPl ude

conposi tions syghufs:ikae bkt kPddat® B st in this invention include AEL AFT,

ADLC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR, EDI, ER/,

20 GOO, KFIL, 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, M’I‘W, 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, 31d 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.



5 clays, various fornms of rare earth netals, netal oxides, other IZJAN 7005
non-zeolite catal yst conponents, zeolite catalyst conponents, alum na
alum na sot, titania, zirconia, magnesia, thoria, beryllia, quartz,
silica or silica/alumna or silica Sol, and m xtures thereof. These
conponents are also effective in reducing, inter alia, overall catalyst
cost, acti pgpmsss thermal sink to assist in heat shielPGTHYPILKE cat al yst 10
during regeneration, densifying the catalyst and increasing catal yst
strength. It is particularly desirabl'e that the inert materials that are
used in the catalyst to act as a thermal sink have a heat capacity of
from about 0.05 CaIfh/cgatﬁysIte*tﬁbmwtemibnea:lb/egseﬂ:to d*prgases pdéfedsabry from about
0.1 cal/g-C to ahout out 0.1 cal/g-C
to about 0.5 b%%@"ecf“"li%g’ﬁﬁfat“f‘?o&%ﬁe lzeega& 5‘%&? | %me fragferllgrgl s can be
included as aepafiige0hs atd‘aalysnahﬁ:lrgeertbonwmmgaItyrlmpramna hey can be used as
separate nol equl ar si eve r finished
catalyst if d ’§PFP%°(§“°“§1°rnU%:%G§m %O%erl%m?gﬂhg&foﬁ E’"gcti)zr%en%Q’Srrlib)(hifcuI ar sieves that
are suitabbe hoygensss to hrydtdaarbmsmemhqnowl ¢apriel eiges AlEpmatagrphy: aydine, - ATN,  ATT,

ATV, AWV Bl | %clﬁgﬁ%%dusﬁ%wu}%go ’t‘afﬁ@lﬁ?onmuﬂatgso Igp) KFl, LEV, LOV,

LTA, MON, PAU ubstituted forns thereof
St ruct ur al typerswjf&iyrseﬂhdtfmtpmseiCﬁ’@lygeﬁﬂfmkm&bé@f@%m?m‘ﬁt are suitable for

e in thi Nl JNFLg on, : M dsioi6), FER, AFQ  AEL,
use | i's 'qvg P&rg&-*aloébnéﬂ%?%owk meEdion, MEMNtioF 4Rk MU dsio

TON, and substi hereof. These snall and nedi um _pore nol ecul ar
si eves are dewsydelues t hydggoakprsr Moskparticulitly, hpgolspylarsieys s JuGH fY o 25

Struct ur alyoTY RESy: o WiMystMeine Eor@iSloibfidxydehfi o byBittickBensor t h Hei neman, 3rd
1 talyst on 0 ¥,
ed. 19970 t he éeat alMyS 1escrl tion of which S expr.essly incorporated

"herein by referenats mpalensd cRPRGURTH 3 AP} dLhHFANKE! be conbined are
silicoalurni n%RMﬁH&% L S L T axZSMgéxateZﬁMnﬁélad @ri onite, and
chabazite. The catal yst congom tion referap é ngﬁ Fﬂ)%g)out 1% to about
99 30 % nor e THERIERRLIER TG PPERTE VD SBAST S 0t S AN 2B r ef er abl y
about 10%t o0 ahoktns S8%ivdry pieicg ikht@fefibol &anriftctictiempergireve. 1 2 JAN 2005

WO 02/ 05950 PCT/ US01/ 20 6 19 st. of IS | L ion can be used
to dry gasbs AR JUT W"‘I’%‘ h"“é%ﬂa‘:e"c"tcl"?}lég K tlo{[ﬁly aggggc(r%atl on based on

size and pol arqllmmme&muem¢ommteam produee [@hthelingeThesamnditaanl yst i n
hydrocar bon Crﬁqcn cdg'lh thggcﬁ)o ! a[?slt(lgi[}gthe oxyegenate 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. Atthe
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 carricd out in a dynamic bed system or any system of a

variety of transport beds rather than in a fixed bed system. Itis particularly



di sproportionation, alkylation, isomerization, oxidation, and conJe? siidh 7609
of 5 oxygenates to hydrocarbons; as a chemcal carrier; in gas
chromat ography; and in the petroleumindustry to renove nornmal paraffins
fromdistillates. It is particularly suited for use as a catalyst in
cracki ng, hydrocracking, disproportionation, alkylatign, isonerization,
oxi dat i on, wandn®dhver si on of oxygenates to hydrocar bBﬂ@S“%Og?G
particularly, the nolecular sieve is guited for 10 use as a catalyst in
t he conversion of oxygenates to hydrocarbons. In its nost desired
enbodi nent as a catalyst in the conversion of oxtyﬁge&@%eil Ido ydr ocar bons,
a feed cont ai Aisirgblee cpseyty s arretiqngresess fpgbarce Keloptiss Aol g S %8he of a
react or appar g@&gstgﬂl.th a nol ecul ar sieve catal yst at process conditions
effective to produce light olefins, i.e., an eLJective tenperature, 15
pressure, WHSV (me’ﬂ'glﬁ?mﬁ@l?ﬂd%%&@awa@fi‘f“ﬁig%ﬁ P EATF M an effecti ve
amount of dil ?Narie@gffa?ée%a%a{a@ﬁ@femﬁ&cluﬁ@@%uﬂduﬁfiinﬂﬁitofﬂﬂﬁlﬂ:@dCondi tions
are described 1n détail bel ow. Usual I%/, .the;qx.é ena I.I!e%%g i~s cont act ed
with the dat &ogiet anheRcYat ISR FERSIRE 2 dparibef n{ ™ Ig‘br‘mpﬁ%se. ternately,
the process May,Red @ akidngflel Rifbert B. Kridgtrqublathiog Ca. WY,X8%W, vapor /| i qui d phase.
VWhen the process is carried 20 out in a |igu. Exed
vapor /| i qui d prraPerategit ‘F&P’é‘ﬁ?ﬂl&%ﬁ\tp@ ':rs}?r%nr?es‘ gﬁdg%négﬁ’i LZC%F {g{‘/:}n??ng}gé%gf
f eed- t o- pr oduGl] dRyors @stctusdiap e donversiapprcdsh See forakympie, - r eact i on
conditions. As herei.n, the r.mpl . 3 y commerci al
scal e reactor éﬁg?r?%aﬁﬂgé‘%ﬁ‘?%“& "%’idtzﬁzlﬁmﬁgggi%%gkﬂﬁ’i%tg %ggﬁggf?gb Zt%lltiaﬂnch scal e
react or unjgt s.an@B. Oelhs Keinbeid Gentistizd Topp. BEY pa8dhe degeriptions ohiviieh r ange of
itenperatures. An_effectiv {1 erature range can be from about
200C to 700C. aﬁ'{’texf’rﬁseS(ylfl%j\?\g?atéeaﬁﬁ{eg]fﬂy? t(z,frﬂit?:gprr})er ature range, the formation of
the desired ol ef i nApy sehderdsomparyiakjediorsectarsyskariay be rsh Adi"ehe upper end of
the te”peraturf?xe&?éagﬁmo iﬁgbe&;v&&%%ha@aﬁmwalmrm@m gleintambanount  of

g

product. An operating tenperature 30 of between ahqut and 500C is
desired. The proetedst aiehhbouslysparetrlasty (WY DEQHQB&“C‘ Bﬁg&gfs't glm or any

system of f Vi@l i81 o cOfimbhRANS RO FehctredBHE Aiskiefinet hathe iwnight of | xed bed system
It is particularly 1 2 JAN 20U5 WO 02/.05950 .P /Uéf%lc/&%%ﬁhe 20. desirable
to operate thevdwabign s fese aadionreni et dBIE RIS Tes “and in a

fluidized catalyst. The hydrocarbon content will be oxygenate and any hydrocarbon which
may optionally be combined with the oxygenate. The molecular siave 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
componerts, 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 (ot catalyst).
Typical diluents include, but are not necessarily timited to helium, argon,

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

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



bed system The conversion of oxygenates to produce |ight ol efins {nRyJAN 7005
carried out in a variety of |large scale catalytic reactors, including,

but not limted to, fluid bed 5 reactors and concurrent riser reactors as
described in Fluidization Engineering, D. Kunii and O Levenspiel, Robert
E. Krieger Publishing Co. NY, 1977, incorporated in |g§ fﬁ@i’%?ty her ei n by
r ef er ence. WARI@M¥Pbnal | y, countercurrent free fall T may be used in
t he conversion process. See, for exanple, US-A- 4.068, 136 and Fl ui di zati on
and Fluid-Particle Systens, pages 48-59, F. A Zenz 10 and D. F. O hno,

Rei nhol d Publ i shing Corp N-Y 1960, the descri ckgs of |ch are
expressly i nc@r\ﬁé?séb%@fhé?eélﬁﬁreﬂﬁll‘fcéi“éﬁﬁé‘f‘?}?éa“dﬂﬁ g‘é‘t %f%francon’merm al scale

react or system&@@lmh&a_@dmot%bﬂdmng fi xed bed or noving bed systens.
The comerci al " scal e reactor

S a oper.at ed at i ght hourly
space vel ocity (WYibp8ipressmay P%%‘/?Ficgﬁ?“‘“ﬂ F%c 1588 e ?rcoi%u%e case of
comer ci al  scak@od. B lpeicsss cz‘xN"tbSVoﬂdSctétBﬁlalﬁﬁgle asctioh eonser gimbsf of hydr ocar bon
in the feed per Hour per },l| ar sieve content of the

catal yst. The R§UEr3eHF B%Wgﬁ‘Jo‘ﬂfcé'r’?f onfj Fﬁrﬁge oxygenat e and any hydrocar bon
which may opti onaiﬂeyevbleaf@ﬁxﬁensmedfm txygenhtes o Ygmpakieed Phelveighecul ar si eve

content 1S i IR 5BaTEaN S0 b e MLLAU RinaSlaNA sBBERIGD that s

cont ai ned wi t FA ¥ HEY i's excludes conponents sSuch as
bi nders, dil uephso avlonlehdxsapdfoac@mmlh undrairgytsrients of reecling ofhe pressure al so

may vary over uﬁaclte.%g‘egdgn ?édugftrag nl'{gkvg[g c@}uléﬂ&ﬁagﬂ%eenmh@ﬁ%‘z@ﬁen Desi r ed

pressures are™i Fange o Pa to about 5 WA. The foregoing
pressures wef efovés(frdnhé]Oplatﬂf/i tlabqut Bsmeirecidesst Resyding ge Rae Euepounds 25

,and/ or m xt ur e?outt %a m?lq'/f’ omg‘fe% 1a eﬂ:@l@z{ccéﬂlalﬂ@e'@ltle?efm)/cob@rsmhgsent in the
f eedst ock, for

from1 nol ar%gggr;ntd to 99 nol ar
per cent , basedlevghawm:é atlmvalboth@?ﬁbsearleﬁw at}?ﬁ‘l Wenobte tgppout FaBOlAhEP i | uent

conponent s fe%&)gh@orﬁ ARG dsQRb! m@bcﬁma rﬁ@twlwm)m it FyiRb cakptatid uent s
i nclude, but are not necessarily limte 0 ni t rogen,

car bon nonoxi deachisas ereMeePHYGIHRET 9%9‘8*’0@%”%9&? @r‘“ 018%{ %g?lflﬁf% *al kanes
(especi al | Jg@i&%pr&tedﬁa@@ oA oY RPANEy be alaltyired esthis &vdnmitg € conpounds,

and 1.2 JA number of m%{hggsgfgxglhaprct:;r{;g%g} é%?d@mry slcx%llm 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. Ina desired embodiment, the
catalyst is subject to a regeneration step by burning off carbonaceous deposits
aceumulated 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 i§ an alcohol, the alcobol can include an aliphatic moiety

having from 1 to 10 carbon atoms, more preferably from 1 to 4 carbon atoms.



m xtures thereof. The desired diluents are water and nitrogen. Wte
be injected in either liquid or vapor form The process may be c é-@]mﬂﬁ
out in a batch, sem -continuous or continuous fashion. The process can be
conducted in a single reaction zone or a nunber of 5 reaction zones
arranged in series or in parallel. The |l evel of conversion of the

oxygenat es WaIF & mai ntai ned to reduce the level of &RWEMEY by- products.
Conversion can al so be maintai ned suffgciently high to avoid the need for
commercially undesirable | evels of recycling of unreacted feeds. A
reduction in unwanted by-products is seen when conversion 10 noves from

100 not %t o Abmesent@@episphodsiplude yiare RERFEPINGITFAELIORE SHEEH as  about 50

mol % of the f adcﬁed%ﬂﬁmﬁp%tﬁ'alc)shcﬁscaﬁ.emeﬁlfahﬁmraﬂa%@i@gsaas conver si ons
| evel s which achi eve th goals are from abo t 50 ({gto about 98 nmol %

and, dcsir abIﬁyamﬁlﬁ@ﬁﬂé‘ﬁﬂﬁ?"YSB’EWISP‘“P}B“PQ?‘ ‘%%‘iﬁ’ﬁ e %nﬁmé Powever, it is
al so accept ablngthaﬁ& mlqyﬁgigﬁavgapﬂ,@mltatmaao&ﬁs eihyélgnethet00 mol % in

order to sinplify e 15 rec n a nversi on nmay be
mai nt ai ned Sat dt“?ﬁﬂ§’1 ?tE‘Ve‘i‘e‘%F% ‘%{ sgoﬁ\??ﬁﬁé&wrofo“%{{‘%ﬁ%s&fnﬁm iar to persons of
ordi nary skil latbghateh@madhil keﬁma@hemd laﬂitnhluﬁiees thetedf. dregiradokymeagtessari |y
limted to, adjustlng one,_ or r e ok b{t}/\nrg{g the reaction
tenperature; [PBRUAFSETC ‘flTﬂbE\}bolr?;{’t“& ('le 1§r °”vﬁ% T&Vel and degree of

cat al yst regener at fi@mhectiedobinbkief theddsiaddyosdin podet mgb avéndipn canhe speci fic
reactor 20 configurati met ers whi ch
affect the Céﬁ Fg.‘eaﬂngndnalltsfep oI‘mggr t ”QQ,? %[{élgggOIE??dr%gﬁgé]e&%{D%eCU' ar si eve
catal yst can bae, coﬁlomt sandl(smsd ymmmsmuuwd g2ts Nwmé‘vfph@almgdhﬁt 0 a regeneration
zone where it can be [¢ %%%rrgtgg g&hﬂ%déﬂ&lu@fé%ﬁtﬁtom{o renovi ng

car bonaceous aPEYIENS oxi at| on in an oxygen-contai ni ng

at nosphere. | mcahalesﬁh@mwétma@mth?@hgas fgneconyeging thpsythesisgifif ect to a
regeneration S&L%Rolta{et 4T @ﬁrﬂga@éas SRR BY RudlBRAR NS susGe UMl at ed during
t he conversion reactions.” The oxy tgenate feedst Qck conpri ses at | east one
or gani ¢ conpoufrdmtfprting, é‘é?ﬁl%ﬁﬂﬁée axmipgnd pariiy @XIgRPEN at om such as

al i phatic g cohol sg,eidiel$ theaF PR affectTRO 8 drfifreibyideshe ket ones,
carboxylic acids, carbonates, esters an V\@en t he oxygenate is

an al cohol , t HaygaRaBHOP BT QT EASIoRP gﬁpbﬁ’ﬁ‘&f i“&e%?‘?Py having froml to
10 carbon atoqﬁiyﬂ[ggg@ t® forrh @b1adIk fihs fiaaiuldi]t lyéthelamdrod paywomlend. 2 JAN 2005

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

processes are desired. Particularly desired are metallocene, Ziegler/Natta and acid
20  catalytic systems. See, for example, 1J.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 4 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 barto
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



W O2/11-5 950 PCT/ 13501/ 20676 22 Representative al cohols include zujmilre
not necessarily limted to | ower straight and branched chain ali p?h tdro¥ 2003
al cohol s and their unsaturated counterparts. Exanples of suitable
oxygenat e conpounds include, but are not limted to: nethanol; ethanol;

n- propanol ; isopropanol; C4- Q0 al cohols; nethyl ethyl ether; 5 dinethyl

et her; di ewshylwebher; di-isopropyl ether; formal dehydecTdsometsiy|

carbonat e; dinmethyl ketone; acetic aci'3d; and m xtures thereof. Desired
oxygenate conpounds are nethanol, difethyl ether, or a m xture thereof.

The met hod of naking the desired olefin product in this invention can

i ncl ude the agdgithé @RpbratGie@pnetdlly MBI tbh66°€, X Yigethabestiig prasstredr ocar bons
such as 10 oil, coal, tar sand, shale, biomss and natural gas. Mt hods
for making t h&°@GEBR %S are known in the art. These methods include
fermentation to aheeditdn topolatidias, nuiekisnghesylefichiesisivgasay behen converting

the synthesis gas.to _al cahol or her . nt hesi.s produced by
known proc essé%rm%%?f“% °F8§Pser5?ﬁv?r5$%?rﬁl Ny ,Syhgﬁet'%ﬁwg’rb%g%? ﬁéﬁrgfl 1(lli;tgdm' ng and
partial oxisdi zatideHydes| sicdbole, asdeic lhtiddinkan alphweolefing, vialyl dcetate.sthyleppr eci at e t hat
the ol efins produced by the .ox ate-tq- J: F Sl reaction of
the present i HW‘&HE‘?GOWQ¥§HI %gngepgﬁgglﬁ%%ug’ee y&' I'(%gé%arlm&%%ﬁgsﬁfgg é}ri]s

particul arly prbyttabyleanalyactdoride pygpyBrodxaiscacryliPrad etbylee-frenylehdr i ng

pol yol efins T n%&pfrg::,a]%{ll iacggor%{n & MQM\”HeHs ﬂxdtdlﬂﬁer%ftethylgﬁet, log)m:rﬁ gr Processes are

desired. ParticC sited are netal [ocene, "Ziegler/Natta and acid 20
catal yti c systeiyEnesS@hg métbeds ekmamplasturing t:se patvatives apyell goyg n thes-

3, 305, 538;,, 3,36 ror? a2 Bt dssedncfnd, 685, 4,076, 698; 3, 645, 992;
14,302, 565;10and§f§53}%%g°§1’,& t[ije, ccsab%al.syst_and process descriptions of each
bei ng expressly i nEwropelyaitod hisiuieaiiay 1s H??‘GP]élfliéﬁl’éﬂ%eefP“l‘sﬁ“b"e‘ﬁ'I% # these

met hods i nvol ygy GomAGHstRY It M6se@)pef dysRinRAMEtataist iDmoRedpbypabfi n- f or m ng
catal yst at a pressure _and tenperat ucLie Lﬁffeé:ti ve to fforgﬂhle 25

pol yol ef i n pr cersier unitend a SEpisErtas 81 aps FRLFST OGS et al | ocene
catal yst. The jGagishagst RFpakat dtRsadreRRehapdritsigaefalp meB0Gatto 240C and
the reaction can be carri edlou% at .Low, di um olrallh@oggmﬂftg%gure, bei ng
anywher e fPomPaMsibeine AHeE PaFles) G PR PPREES i BPELSEEY BT 1780 out in

sol ution, an idettivellimonenthrooghnuthie e repeandly3 Getdnaly dbsi tewido bper at i ng

pressure is from 10 bars to 1 ans, LD, 8.d6Si:hed uit rature range of
from 120C to i?ﬁ?f.eglg’(')r thgcégpof)ﬂ%gué:plﬁlrt%c:%%%els[} %iStt i's desi re%w3
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 cutalyst regenerator, the atirition particles separated, and the particles will be

25  sent to a catalyst manufacturing unit for prdcessing into a new catalyst
compaosition.

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 systemns, 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



12 JAN 2005 WO 02/ 05950 PCT/ USO1/ 20676 23 that the tenperature, gltegewllzyéu5
from60'Cto E 60'C, and that the operating pressure fromb5 bars

bars. In addition to polyol efins, nunerous other olefin derivatives may be
formed fromthe ol efins recovered therefrom These include, but are not
limted 5 Lo, aldehydes, alcohols, acetic acid, linear al pha ol efins,

vi nyl acet afoazn®thyl ene dichl ori de and vinyl chl ori dePCEVHiVI¥EUZene,

et hyl ene oxi de, cunene, isopropyl al ﬁohol , acrolein, allyl chloride,
propyl ene oxide, acrylic acid, ethyl ‘ene-propyl ene rubbers, and
acrylonitrile, and trinmers and dimers oil ethylene, propylene or

but yl enes. Thegert hactsn@fstdma butf:abdr teicmglysthes etirdien paridlisiem ths e wel | known
inthe 10 art, and therefqre, are.not .discu : at al yst of
this inventi off*f"O0p5FE R0l §f[ia§fp%fgﬁdtt%zb"flgmfn§?&§§cghe§?{lﬁgm%els E‘:ﬂﬁllcged bed

reacti on syst gmanskftridvesaait sape s lefatwplyt Becilitidsecap bt wirydeseitseagby ed
‘throughout a react upit. and . a.reqge i ) P bjected to a
variety of neﬁ'ﬁ%fnfrﬁig ¢ cél{rgfh' st atn%eaftgn%n pg‘?@g{s%}égg R&A‘gﬁotém? tgsag(lg?brtﬁﬂ? &"E’l hese
stresses, the it drdiciisiegenmerchiniop] dyrgediovapnTeyISYHIGHREI KRG B ri ti on
particles. The attnifi rticles are generally too small to be
effectively n@\?%cas ltﬁgrlgﬁg%%gt the systemrepeatedly, Generally, they tend

to be removed wi tlhatchee seaplod onsrebiei fthererop fied BB RREClER b st em  and are

Utimtely dic%@rﬁﬁﬁfjlm WRSHE actiblly, bhlis erePUE He b8 with higginfiles add On particles
are recovered and reused in the 20 manuf acture of new %at§I yst. The.
attrition par tihopssogaif ipielly fdkspared raseiyer cRERY BRr 515 S®Bar at i on

equi pment , 4 NG| ok Rgte BEttewt @tk Pty & leabyiohipMes prefdrdulies sastand

el ectrostatic precipitators. In general, the se aratti ?n eq%i prent wil |
desirably be 2p% adaepst mielprable atdies e prreuetd aé?‘ﬁ@’a‘?‘?ﬂ‘c T Re reactor or
the flue gas g&&:@ﬁﬂhiﬁ 0B réus6Ah Al iatuficge sRratcanlystt Te redovered | on particl es
separated, and the particl Qs Wi | Jranufacturing

unit for procedBiRFauGEycag ﬁé"\?\?"@%fi Efl%ﬂféat% r&g%%np%%}e?tle%%&ﬁ:aﬁﬁ%ﬁe enbodi nent ,
the catal yst neaubhactdghinng fuidee sscteanyshn, ot ogeendcouptiod raitioh a reacti on
system By, cl ose. couQAmqunai S, fEant t hat virtually all of the catalyst
made by the, dETAMYER SRS Uring facility or facilities is dedicated to
30 operation in a Ghwvenltieagivitor! wyayeredibition psicrdlomieAcl?t | east a portion
of the 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, €.2.,
SAPO-34, or similar, e.g., SAPO-34 and SAPO-18. In this decoupled
cmbodiment, attrition particles may be obtained at any rate and interval, subject
to economic and facility constraints and optimums. In such an operation, there is
o desired level of how much attrition particles should be utilized from a given
30  reaction system. However, regardiess of the source of atirition particles, it is

desired that the catalyst comprise at least about 10% atirition particles from a



attrition particles of the reaction systens are returned to the c y;ﬂ 7005
manuf acturing facility, The manufacturing facility need not be ph SI ca

| ocated 1 2 JAN 2005 WO 02/ 05950 PCT/ US01/ 20676 24 near the reaction
system but rather the catalyst and attrition particles fromthe reaction
system can be transported to and fromeach facility or facilities by such
nmeans as tiwcksseer rail cars. Alternatively, the faci PCTI®S26EN be very
close to each other, and the catalysf.and attrition particles can be
transported to and fromeach 5 facility or facilities by nmechanical or gas
bl omn conveyor systens well known to those skilled in the art. In a close
coupl ed oper atda@ba systent, Rdre Referisty edeastabat 20%Rnpanttideiralgy Hasrel  essential |y
100% cat al ytlc aclw ity, as is generally the case with virgin fines and

cl unps, nost, tall, of the attrition particles or clunps can be
reused in the 10 rmrnucfaagite@f&cuyf:mrgemdpxatcaém&tttnt@neﬁ@i@bﬂ gowmin | east 10%

more pref er abH’gt ft Xu%gﬁo ecﬁg'oé?e}:ea VI 1HP1§&ersQaruﬁ'ﬁér§QL Mltr@&uc!ec?@§£ 40% of

recovered att process unit be reused in the
manuf act ur & ofqtrﬂmmooabalcgﬁslystuﬂihé r(btalwtemédl lsatC@WFlﬂoéﬁubléWtWhéﬂhes can be

recovered froma .progc t f [ &is QAL BdnY Slicind@nuf act uri ng
unit, a fluid BEd PESEM %lﬁl’[ﬁgém e aﬁ&it(t)lxglgerﬁatse to ol e?l?ns reaction 15

system or a qonbiendinisberd ctﬂk&éfﬁ%mﬂlcleTﬁ)écedhﬁ catalysti 1€ inferned; i § 53 ©r%ecover ed

attrition partj Ao LRACT bRllyst SYRts@yint. STk rds@ilox systenDE da@Ss t han
100% and in shag#%ssﬁt&gmonry a pod(rpaltqkl[son ofs?bf@he attr| tion particles should

be reused. Desi patropventivnal Hyalemwaich Hcomprales B WA Ohae P&V houl d have

catal ytic Act 'c\{ijalgyt ﬁ%khéﬂ@{remaétmh&ﬁéﬁes Fl@ce\/\ﬁed&&r@fthésh@ of BEeaviesutd attrition
20 particles can"be recycled, preferably at |east 20 wt.% and nost

preferably at sieapfalysuRagais. % | n anot her enbodi nent, the catal yst
manuf act uri ng faci inbymeBklcbear sBecatphadarit kotacanysipéicantyutdred eact i on

system al though preferab ar, e catal yst
made by the cd‘t‘%{F%t“??ﬁ]ﬁﬂ‘%%ﬁtﬂ’rqﬁﬁz/‘?écmimfl n?céoﬁlgg{tﬁﬁ iglg&\ﬁuclelQ?E)flhcat alyst in
t he catal yst LtS@.de bfhntalﬂpropzﬁ’wbt dii cEyst. elecosatie frecigaive ﬂ“eg%j wash SAPO- 34, or
simlar, e 4 ed egmgggl ment ,

b%rt I %1 eé or ?‘ﬂergreg %ff)l negttnt oﬂgzgrmh% g:esgﬂ‘r%d dr

attrition rate and i nterval subject to
economi ¢ and facirdant i, ztdmsttamaﬁm of thqpirtisiss F%ﬂ?ﬁﬁecyqlfﬁl hagkcth e g2 e¥r at i on,

there is manufacturing unit 11 as stream 14 to be incorporated into the manufacture of
additional catalyst particles. A partion of the attrition particles will be purged as
stream 13.

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, aluninum 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, recoversd by the

sume means and dried.



no desired |evel of how nuch attrition particles should be utilized?f}&hnz05
given 30 reaction system However, regardless of the source of attrition
particles, it is desired that the cat al yst conprise at | east about 10%
attrition particles froma 1 2 JAN 2005 WD 02/ 05950 PCT/ USOL/ 20676 25
reaction system nore preferably at |east about 20% and nost desirably at

| east aboufo #k@%se An exanpl e of recovering and proces$CRgSELeé ti on
particles is shown in Fig. 1. Virgin | ecul ar sieve, .virgin binders and
fillers are introduced via a 5 stream 10 into a catalyst unit 11. Catal yst
unit 11 is a conventional unit in which sieve is mxed with binder and
filler, and the m @hddki@ hBedllt &6cang fmbminr@@emthegs odiudieit @ sénitni shed

cat al ySt par ti c| eﬁlyﬁ%}?fa}s{l r (é)ln% nn&yv{l{h v1r§1%1 %dgrornq%(ﬁers l2ISa E&Tﬁggﬂ‘% to a

reaction syst émn® fie system "reaction
system 12 can dmbtemaﬁmckemmmmtps@ﬁ&bmﬁrygw:gwmhhnd/wcﬂan-pmgla%tt!éwtlhe use of a

mol ecul ar si eve Jg'les(;) tﬁi_?rrytﬁe alcm@ ﬁja?lﬁ'.ilﬁ %&@@ﬁnﬁ g)}’sfeln'ﬂanl@kes pl ace,

reduci ng the A TPecul Sl eve cat articles. Wen the
mol ecul ar si ewemmabwsmnmdﬁqge@tresd saldo AdrysiE ik ?3 enfrdriey aqcerditéed i n size

as a result of, g kédusaa?ﬂman%hé?(mﬁgﬁﬁediﬁ&g)ﬁé&re&qnmd@%\aﬁfm enalstmeans such as

by the use of an a si zed cycl one, el'ectrostatic precipitator,
fl ue gas wash 111510155:2'{mbé1ral‘° mﬂmﬂ“r‘f!ﬁ{t@be fop é@%l foryse & &TRASHiOR W% particl es

are separat ed @é&%&%@\f&pﬁ@hbaaéto%stalﬁ@m@b?& at least a portion of the
particles can be recycled back to the

cat al uf agturin un|t | 1 as
stream 14 to be i nRefysrhirea the dOMeRib 2hia atpt ééf‘tﬁlﬁ’ﬁ af’m"'rggdf‘?‘i‘ cat al yst

particles. ;A BRficOMaQfe Lhtgo @Etzé'té.lfrdt@ﬂtm&fnﬁld&ﬁraﬁcawwqi pah&lepﬁlragied as st ream
15. 20 Anot her exanple is shozg/n [IH ‘ﬁ %ds % enc%Il enbodi nment ,
si eve precur sEi hkteaTion pstedy . W 8o ?tf)su“dﬁacﬁonlﬂl 8¢ 3 HESi eve synt hesi s

unit 21. In thiScal tbadtion pmesse,aamcmmfm Xitﬂ]jrse: rebudts ffmrnmgchttbyormamchg t oget her
one or nore Of a eaczﬁ%\{l{)ré%ﬁ! IS%?& dr&: alfmcﬁ%pl l?l% F'Ega%ﬁ }F&H’ld%d gﬁﬁponent

along with at ¥&a ure I's seal ed and
heat ed, ~pr ef eriabltyo streches, Zaammgenwqurbeécgwlem@ﬁttﬂbt?é wdgprisat ure of at

| east abou 1091e;1 Q{ngrﬁﬂsam%s E‘%%LH?EQP% c&ﬁ?st{.&%t 250GvelMdilon @ crystalline

pr oduct |s rmat 1 on e ¢rystalline product can take anywhere
from ar ound 2 lnmspteg recyrleidTomuizoth %%Cﬂ@lﬁfeféﬂé@fml‘%‘%“éﬁ%é%‘a ¥YStirring or

reaction system.
Another, desired embodiment is shown in Fig.3. In this embodiment,
vatalyst containing molecular sieve atirition particles and virgin molecular sieve
20 are fed via line 30 into reactor unit 31. Preferably, reactor unit 31 is a flutd
catalytic cracking reactor or a fluidized bed reactor and is used in a process of
malking 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
recyeled 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.



seeding with crystalline material will facilitate the formation of ?h
product. Typically, the nolecular sieve forned in the sieve synthes sﬂl\l]'zlgﬂs
21 will be 30 fornmed in solution. It can be recovered by conventi onal
means, such as by centrifugation or filtration. The product can al so be
washed, recovered by the sanme neans and dried. 1 2 JAN 2005 WO 2/ 05950
PCT/ USOl/ 2QRY A% Once the nol ecul ar sieve 25 is formedTusmgeseve synthesis
unit 21, it is sent to catalyst unit 722 for conbining with virgin binders
and fillers 26a, and virgin attriti oh particles or clunps 27 fromthe
drying unit 23, and/or non-virgin attrition particles 20a fromthe

cal ciner 29 and 234 Iftrg%%stﬁ@his@&ﬁlﬁluDthSgyﬁhzems‘ilfkcovﬁ&éfromormonentS are nixed

t oget her and sent to unit. 23, ed acc n

convent i onal %ﬂtorliﬁr P éa“@’ @WP?FW&%&%@&@L? mcqtvﬁre(?!c‘ilgﬁ i thél’)l t 23,

catal yst partiggt 8. Bilsuthingtihces fie 60dgE charbe gent thropgh ﬂmﬂﬁSstmb;baraftton use in a
reaction system recover, and ed b dyst un|t 22.
Product 28 frHH’\t?%eI“cf’F%wﬁ'ﬁ“ e*% t’i“s'Oﬂsa}ell?‘ll?an "(l)re‘%%?ﬁ ag&éﬂ{ ci ner

Attrition 510r@avar|amhtm p2ieiesaITae s@itbn pmqleherecmnactcy@td Qdtelyst2, and desi red
catal yst parti cl‘&eﬁL 2 la ar sent 1o a reacti on system 24, whi ch generates
a reaction prdEETIE PERFEFhGPAY T ypi cal reaction process, attrition of
the catal yst resul Ti, coﬁmtmopugtlmpfvltgilumlmhﬁl@hé@ viggebindPhese attrition

particles 22a a{ Separak q*}aﬁ%ﬁgg%ﬁ{} ARG QR AYdlem@ndospl it  into two

streans, 23a I'S rec to the catalyst unit 22 nd a purge
15 stream 24a. cltfﬁtpﬁl)saudlmn’of glsméhbémsmﬁnd a?‘ﬁ@“é?ﬁ%lﬁ}%f SUREDHODAY ecei ves

attrition ooarﬁdef}ljal‘é%et%#&é/a%@drhfek St loty E!refs&l%y&atdasiry@ﬁro;ﬁmﬁﬁct uring process
and catal yst reaction system Another, desir .S shown in

Fig.3. In thi S’“é?rﬁfé'&lﬂﬁ?é’ﬁt’t catalyst pod & BV EIRIPATS Eﬁ‘g 3 gglulr‘%ﬁ" Vi %ye attrition
particles and i gacid &0ehibrpsiaRY eito tBOcanilat dseesiced.a | ine 30 into reactor

uni t 31 Preferably, reactor unit, 31 |82, (el 6ol Bl G aracki ng reactor

or a fluidized bed "N~ a process ol efins
from an oxygenahgplégedich a'rhemtqnﬂ@ldudmstfarecsmcutmﬂ)@dlm@;m witlgd the gverdbover ed and

sent throu line roduct recovery unit 33. Typically, attrition
particles Egn %%Defogﬁlﬁéfw?gmg%c%%ghyl ng the product through line 32. This

being the case, the attrition

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

SAPO-34 catalyst 16 in a continuous manner for use in reactor system 12 which is
20 a fuidized 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 syster 12, 1000
lb/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 lb/day of attrition particles 14 are continuously provided to
catalyst unit 11, while 600 Ib/day of attrition particles 15 are discarded. In the
catalyst unit 11, 10% binder is used in the mixture to be dried into finished
catalyst particles to provide a desired particle strength.
From the above information, the correct proportions of alt 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 sievg, equal to 500

Ib/day of active sieve (1000 Ib/day x 0.5 catalyst activity ratto), and 160 1b/day of



particles can be recovered in a product recovery unit 33 using 12 JAN 2005
conventional neans. The attrition particles are separated fromth

reaction product and recycled in the manufacture of new catal yst or
purged as required. A portion of the catalyst in reactor unit 31 wll
typically need to be 30 regenerated. This regeneration occurs by sending
"coked" caiwaligstsst o regenerator 34, where the coke i SCFE¥HEE In a well
functioni ng process, the regenerated P§at alyst will be recycled back to
reactor 31. 1 2 JAN 2005 WD 02/ 05950 PCT/ US01/20676 27 Light gasses, such
as found in flue gas, are also recovered from regenerator 34. |In many
cases, attrit w@Repavddotkeomihk recpdedragciinngrueidicnl 4AAQ Midath<8he flue gas. In
such instances, the flue e_sent separation
unit 36. In séﬁ%‘?’%t"‘?%ﬁ"ﬂ? %?éf% %o‘:ﬁ%necﬁfma&t] t%&%grblg?%&ﬁlse to separ at e
and 5 recoveﬁna&tihlruo‘tnepraseptargtessemte.ﬁy 200h @aitve patalyso fF Qounted &ifiden).ar e t hen
recycled to ¢ man I The correct
proportions O?H’Vﬁ ﬁ‘emg"rlm Oleéccz"ﬁ g}ré[eg]f'g{\;cé&gr?g&\%‘%&tﬁ@%lﬁﬁgﬂedr?%?%v?het her from
new y made anaﬂtedayaltrsaddmon‘l nhﬂna&ahf@tyélceﬂalwlto?/q‘%ﬁdehe‘b‘alrt? iled 8dapr ¢l unps), and

non-virgin ol %thﬁ&ﬁ' By C%Iﬁaa&mpwa@eraﬂs@iﬁsofbaa@st$@rsau@htforward 10
al gebraic det rmnatron. paraneters are set Se |red properties

and rates of "’u/ﬂ@qﬁﬁbdlﬁtﬁooﬁé@%ry@qlbﬂwaﬁémﬁfv@quﬁilaé’ﬁ-’éllﬁ ‘and rates of

the non-virgi LEN) ?Dtcfagl 'oflhﬁrﬁil%raﬁé ﬁblﬁ%cpﬁecﬂ@taly&%ﬁﬁmrpameﬁs g t he cat al yst
as desired. This invention wll be betterBtL{nder topd with re{b%rence to the

fol | owi ng exavtved 60 oy Rtz deveh thetgaert bttt PULErLR e @5edi 1% enbodi ment s
wi thin thelOOVQEfﬁiyl (400UB/dBF QRS inQfrednli6r chialy @ BE | CINVdmSto CHGlbRiBylfilldEami ne |
‘Referring to Fig.” 1 a catalyst unit 11 operates to manufacture 1000
| b/ day SAPO- JucEnidy yst 16 in a continuous manner for use in reactor
system 12 whi ch i SHaRRs @ow dully ﬂaisﬂé:dd thadnventiogsnaillée sgpmcartssibythoseact i on
system The SA 4 cata sc I rition
particles, bi rfggf’g Fﬁ‘% mvemw& i) dh?@g%gélgﬁ Q%chsétr& g%ﬁ ivity ratio of
0.50. In the qﬁmﬁ:rmlthmpelmtswbmeafwmfea@lep@mngésﬂgttb?ﬁpﬂ and Ry of | b/ day of
cat aI yst fH:e 1§1V%%e generated, having a catalyst activity ratio of O0.40;
| % of i gl nal cat al yst activity has been lost in the reaction
system (((0.50 -.40)



25 / 0.50) x 100). 400 |b/day of attrition particles 14 are conti qududiN 7005
provided to catalyst unit 11, while 600 | b/day of attrition particles 15
are discarded. In the catalyst unit 11, 10% binder is used in the m xture
to be dried into finished catalyst particles to provide a desired
particle strength. Fromthe above inf2 mation, the correct proportions of
all materials to 30 catalyst unit 11 to produce the desired catal yst 16
at the desired rate can be calculated. For exanple, the catal yst 16

cont ai ns WRKSSkieg isi eve, equal to 500 ib/day of active sieve (1000

| b/day x 0.5 catalyst activity ratio), and 160 | b/day of 1 2 JAN 2005 WO
02/ 05950 PCT/ US01/ 20676 28 active sieve cones fromthe recycled attrition
particleg 14 / 0 : yst activity ratio; the 20%

differ en?e i n%%&eﬁ%}sﬂgﬁ %siﬁllc\%ct%)r/np&?%% the original material 16,
representing esdemdr aiehy-c@ffining asthlystattcidompartitles;i s counted as filler).
Thus, the vir |n nol gcy | ar S|e\(/1e in stream 10 conprises the difference of
340 5 | b/ day, I'rﬁmafaﬁle? YY1V at al yst 16 contai ns 10% bi nder, equal to
100 I b/day (H¥er.! b/day x 0.1 binder fraction) and the bal ance of stream
of catalyst 16 is 400 |b/day of filler (1000 |Ib/day - 500 |b/day active
sieve - 100 Ib/day filler). Since 240 |Ib day of that filler cane from
recycl ed xcat alpygt i ¢l par S active
si eve), t2PC1e arrr%lﬁ'n%ﬂ%ﬂ#SJE f({fl ﬁm 3 %hﬁljg@dthl%ﬁ %?gréor]r%c?{)aqla%ev%%g%g > ?lgé/ay (400

| b/ day flchﬂabqstﬁnesmchﬂtol‘unmat alyst of 16 I b/day to 240 Ib/day filler from
stream 14). Having now fully described this invention, it wll be
appreciated by those skilled in the art that the invention can be
performed. wi t IThe cataWstler fIAROE, vlereiR icRiBleQllsr siévieltofitaibiay catdyst haditied,

wi t hout depart| ng fromthe spirit and scope of . 15 the |nvent|on 12 JAN
2005 29 \maHicles argralgipgdymplecul &r SlweCcafaéxsyg%rtlelswwhtqomn%mhcghhgeve

mol ecul ary,gb{ME- cont ai ning catalyst attrition particles; virgin nolecular
si eve; and bi nder.

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

particles have a catalytic activity of at least 25%.

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

particle diameter of the catalyst composition.

6. The catalyst of claim 1, wherein the molecular sieve-containing catalyst attrition

particles comprise less than 20 wt. % coke.

7. The catalyst of claim 1, wherein the molecular sieve of the molecular sieve-
containing catalyst 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.

8. The catalyst of claim 7, wherein the virgin molecular sieve is SAPO-34.



2. The catalyst of claim11, wherein the virgin nolecul ar sieve comi agf
dried catalyst fines in catalyst clunps. 3. The catal yst of clai 1,-]Ml 2093
wherein the nol ecul ar sieve-containing catalyst attrition particles are
cal cined nol ecul ar sieve catalyst particles which conprise nol ecul ar sieve
and binder. 4. The catal yst of claim3D, wherein the nol ecul ar
sieve-containing catalyst attrition particles have a catalytic activity
of at least 25% 5. The catalyst of claim1l, wherein the catalyst

conposi tigon haheagtalyse ' Gfaimal, Wherin tHé M Rlar 's#RG1iAGhE hRRAR: RBvEO 150
pm and the nol ecul ar sieve-containing catalyst attrition particles have
an aver agentping eatelystj afirtiionrpasticl¢sesrd theamirgioomeleculire sigvae hayge thepsame cl e

di anet er H%Fnc%ﬂ@o% ls%i%{n conposition. 6. The catalyst of claiml1l, wherein
t he nol ecul'ar st eve-contai ning catalyst attrition particles conprise |ess
than 20 wt. % coke. 7. The catalyst of claim11, wherein the nol ecul ar

si eve of the | ecul ar sieve- containing catalyst attrition particles is
sel ect ed r om eca&lma?& | L VhRgeIB e dpsiscyfar Sigxpan ghe apqltsular siesspcy 16,
SAPO 17, oBEINES cats B nidion SHERIS. anSAROEbin nidRGaBSievS e iterPAPO 37
SAPO- 40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, the netal

cont ai ni Mpfeponscampesisions. and mi xtures thereof. 8. The catal yst of claim
7, wherein the virgin nolecular sieve is SAPO-34. 1 2 JAN 2005 30 9. The
catal yst of claim1l, wherein the nolecular sieve in the nolecul ar sieve-
cont ai ni rng. catTdke\atalyat of iclaimri, Fadticr chmprisingl efddnvingtgiial selecred Urani tied eve
have the sane f.rarm\?pik corrpo,siti%r; 10. . The catalyst of claim.1, wherein
the nmol e&MRCOBSIENG qf Alumpunyfy) 1gamy Fobaltsyaggdivmeniskel; sifiog. andh atighs 1 t i on
particl eshagyt, t he virgin nol ecul ar sieve have different franmework
conpositions. 11. The catalyst of claim 1, further conprising erosion
material selected fromthe group consisting of aluminum iron, cobalt,
vanadi umy,ni p L.nat | : . -A nmet hod of

maki ng a 1r;';bl elgdg gtrh%lsif]gl\q/’gﬁ%? ?}ﬂ] 3]/‘%? @%%ods“?‘ﬁ%%&’@@g%ﬁﬂ‘&%’é?s‘ Xi ng toget her
mol ecul ar si eneixmgntogethemgobeetlal siee-abitiningotatghgst tdteitien , pavtidlgy rvirgiml ecul ar

sSi eve co nents, and bi nder; and
r;?ociecu ar sieve components andabmder; and

spray drying the mixture to form the molecular sieve catalyst composition.

13. The method of claim 12, wherein the virgin molecular sieve component comprises

dried catalyst fines or catalyst clumps.

14, The method of claim 12, wherein the molecular sieve-containing catalyst attrition

particles comprise molecular sieve and binder,

15. The method of claim 12, where the molecular sieve-containing catalyst attrition
particles comprise erosion material selected from the group consisting of aluminum, iron,

cobalt, vanadium, nickel, silicon, and combinations thereof.

16.  The method of claim 12, wherein the molecular sieve-containing catalyst attrition

particles have a catalytic activity of at least 25%.

17. The method of claim 12, wherein the catalyst composition has an average particle

diameter ranging from 40 pm to 150 um, and the molecular sieve-containing catalyst



spray drying the mxture to formthe nol ecul ar sieve catal yst conﬂc%ilté\iNoﬂUﬂfl
13. The nmethod of claim 12, wherein the virgin nol ecul ar sieve conponent
conprises dried catalyst fines or catalyst clunps. 14. The nethod of
claim 12, wherein the nol ecul ar sieve-containing catalyst attrition
particles conprise nolecular sieve ardd bi nder. 15. The nethod of claim12,
where the nol ecul ar sieve-containing catalyst attrition particles
conprise erosion material selected fromthe group consisting of alum num
iron, cqbatién pHoRS NI aflifk@he paritibleCliinetdNdf EREMAALIQT thbavaade 16.
The nmethod of claim 12, wherein the nolecul ar sieve-containing catal yst

att riti oartislerdiarastercofithpcatalyst eerapagition. activity of at |east 25% 17. The
met hod of claim 12, wherein the catal yst conposition has an average
particle diameter ranging from40 mto 150 m and the nol ecul ar

Si eve- coriBai niThg nediicall ofsdairh 12, ¥AddeinGRSmMBlecalbt sievielcontajg ¢atdles attgitien an

aver age part'[cl e di.a teﬂ f ] ess %han 20% of the average particle

di amet er PAFUCIER SOPRESE 658 aegwﬁﬁs(ﬂﬁo #. 18. The method of claim 12, wherein
t he nol ecul ar si eve-containing catalyst attrition particles conprise |ess
than 20 wt. % coke. 19. The nethod of claim 12, wherein the nol ecul ar

si eve of 1Phe ribeanethed of claime-12¢c whergimtha gnelegudarysigve aft the mdderulsa sieved es i s

2apo 17, B SR AT BN Rlexp g me SR o B S SAP QTR 7

SAPO- 40, SAARERASAPSARO-SKPO-SAPEARD-175ARABOLTE, SANPQ058APOAR], rBARD-34,

cont ai ni r.eof,, ) res reo 0 f_claim
SOt S PR LRGSRk B URHAAE S AR SapB EABITEL 8l

consi st i IAPY-5SARCNS4I cotainilg foriE tHRRGS, Ahd &gl ikreother ei n the nol ecul ar
sieve in the nol ecul ar sieve- containing catalyst attrition particles and
the virgin nol ecul ar sieve have the sane framework conposition. 22. The
met hod of,,cl ai i l.ar: sl i N j eve-
cont ai ni %8 cata %ﬂldgt]ﬁ%@o%d?g]gﬁ% #f@ggﬂgwéhﬁlégﬂéfﬁlﬁaﬁs gr%cgcu gdra ‘@. eve
have di f fgesuprconsiftingrof ®APRO-BHNposi ti ons.

21. The method of claim 12, wherein the molecular sieve in the molecular sieve-
containing catalyst aftrition particles and the virgin molecular sieve have the same

framework composition.

22, The method of claim 12, wherein the molecular sieve in the molecular sieve-
containing catalyst attrition particles and the virgin molecular sieve have different

framework compositions.





