WD 2006/ 052677 PCT/ US2005/ 039830 -1 METHOD OF TRANSFERRI NG CATALYST IN A
REACTI ON @S IfallosdehELD OF THE | NVENTI ON [0001] This i nvepldrai6iloddseé to
processes or mnethods of adding and noving solid catalyst particles within a
reaction system In particular, this invention relates to processes or

met hods of addi ng, nmoving, and renoving-50lid catalyst particles wthin
reaction systens while maintaining or protecting the catalytic activity of
nol ecul ar sieves that are susceptible to |l oss of catalytic activity due to
contact with MEEHODIGK TRANSHARRERGUNATA YSIE INNVVENTA OVIDODSPSTEM ecul ar
sieves are generally derived fromalumna silicate materials and contain a

.pore system MEM&J@Umform pores and enpty cavities. These
pores and ca that have a size equal to or |ess than
the size of thgggores aT‘ﬁsQﬁVérﬁioﬁSrela@&dtd §R6tessRR! Sp%&ﬁo&f oP all@hgemasi ze.

.[ 0003] The pores and cavities of nolecular sieves are fornmed as a result of

addi ng tenpl an@vmgtwﬂudabﬁalglsjr pa-rgclteh evithoh ex weantioni systenmaninf aattionlangthfsr ocess.

Du the faormat | hense| lattice.t
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lattice type caﬁﬂ*ét'ﬁﬁdt‘ﬁﬁe@%ﬁﬁm 8dchivn W&s%ﬁﬂ@%&ﬂﬁlrﬁmaﬁrﬁmm fle?l , with
the tenpl ate lal acting as a neans of formng the pore structure

wi t hin t he nulatdyticarctigitevé mdlhceﬂaresmfetm thgt rand suweaublsl tevbssrwf datalytanbi ned
wi th ot her co one ts for E:]ucghe benefit. of adjusting various properties of

the nol ecul ar?® “‘BFO ¢Qtach I WA ROleqles i ¢l es. [0004] To neke the

mol ecul ar  si %EG@RWND‘C@I"I‘I‘PEINV@}NTI@ﬂW ate nust be renoved so that the
pores and cavitres are open to catch norecul es, either for the purpose of

adsor bi ng t hd0f@llecul esMolagriar hﬂeweenvaneogmmalhordmwed efiom tlweinarcilestd es to

forma desired duct,, The reactio C when t he cul e come into
cont act i t h TABHAS I PPEL EReUeh BTG b DEOTEK &y SRR B arl )
Wi thin one org rx%iﬁ&%a@ifh& h?h&@'@%%s%ﬁﬂ'c&xhﬁés @d&crpﬁgfezu% mme AGSe Eqlal &A-

[0005] The te ate is conventionally renoved fromthe nol ecul ar " sieve by

cal ci ni ng or drdessithap thetsizelod thegropésand . cadities| antlirepre] proderades of adargérssizebe used

:E gnplr :{rgv;ast h[?)l)bﬁrml at e"I‘héi Iljgrgg 5 cavat%e(élo %Ec;lgc%lzlirsm vreg Ll%rtrogged g aCI'eSSlEIP of

adding template materials during the molecular sieve manufacturing process.
During the formation of the molecular sieves themselves, a lattice type chemical
structure is formed from the alumina silicate type materials. This lattice type
structure essentially wraps around the template material, with the template
material acting as a means of forming the pore structure within the molecular
steve. The resulting molecular sieve may be combined with other components for
the benefit of adjusting various properties of the molecular sieve or to form larger
particles.

[0004] To make the molecular sieve suitable for use, the template must be
removed so that the pores and cavities are open to catch molecules, either for the
purpose of adsorbing the molecules from the environment or to react the
molecules to form a desired product. The reaction occurs when the molecules
come into contact with catalytic sites located within the pore system, particularly
within one or more of the empty cavities or cages as sometimes called,

[0005] The template is conventionally removed from the molecular sieve
by calcining or buming out the template. An elution process can also be used to

remove the template, although calcination is preferred. Once the template is



WD 2006/ 052677 PCT/ US2005/ 039830 -2 renoved, the nol ecular sieve is
considered to be activated or ready for use. The activated nol ecul ar sieve
has its pwoeeyeizéem including the enpty cavities or cages/usens/obessbhe

i mredi at e environnent, and ready for use. [0006] Activated

nmet al | oal um nophosphate nol ecul ar sieves_that have catalytic sites within
their mcroporous structure, e.g., sili edal uni nophosphate (SAPO nol ecul ar
si eves, have been found to be sensitive to noisture. In general,

significant exposure of the activated npl ecul ar sieves to noisture _has been
found to dezunoVess the melesulanpighs s epnsidgradtodie achiyatss og seady fos pgsy ekhe

e o o, BB e oot

nol ecul ar si eves agai ns ture imted.

[0007] US 6, 3ifestp3n Bl tHelmmesiene edviednnjendiandresifopugeet hod of protecting
catalytic activity of a SAPO nol ecul ar sieve by shielding the internal
active sites[0M6lt he nolativaledr metallpalumippphaspbale tmolee angieyes rthat e

tenplate itself,can_ser . a he .shj y m#' serve
heh ahiel o FalnER s Wipin el ucBpRiofis ;KR LY SHRERBIRTIGHERP, °5C
desi rabl e to(shPgl)ehdlbailaGidves Haive Been foaaduske sagitive ad abistABOLITBéREAl] ar
sieves will exhibit a loss of catalytic activity when _ exposed to noisture.

[0008] US 4, remiegt expnsuredef the aglivatedymelachlap siexesiotAoigtuat hasy breadpund

catalyat s ire REEERRAME VT B R S U R o T

tenplate componehktiAf dcieats®| BelicdlumirRphodphateeindldtalir | slevich €agRNEO1RY .
nol ecul ar sieve, until such tine as the catalyst is placed into a catalytic

cracki ng uni tharmfd sffeets of mwisturg ste limitediposed to the FCC reaction conditions,

wherein the r or is o] th eagener at or._oper at ed
at about 600 @Z%SOC, tlﬁg%gﬁgg%scﬁf t(ﬂa%gﬁe}éteégﬁg%sglﬁgve%g*e% Cfr}ﬁ)égtﬁﬁﬁl%ul ar

Si eve pore Sthiabitl Rtivahdf bITAR@ b I¥&lar HOEHEshialdingthe stenal adtive sgeacki ng
of hydrocarbons. According to this procedure, there is little if any

contact wi t h ofhemelesuldr g9 jfrome antagt with moistyger olhentemplase itselEcany st her nal
Stability of

S 143 SR8 o LS e 00t 4 BT g B
protecting SARD dies ot dilde templatd e It Bakeigatded t@ shiedeths idolite Eitasbénsdf NH3
with acid sites of the sieve. The ) . )
activated SAPO molecular sieves will exhibit a loss of catalytic activity when
exposed to moisture.
[0008] US 4,764,269 (Edwards et al.) discloses a method of protecting
SAPO-37 catalyst from deactivating as a result of contact with moisture. The
catalyst is maintained under storage conditions such that the organic template
component of the molecular sieve is retained in the SAPO-37 molecular sieve,
until such time as the catalyst 1s placed into a catalytic cracking unit. When the
catalyst is exposed to the FCC reaction conditions, wherein the reactor is operated
at 400° to 600°C and the regenerator operated at about 600° to §50°C, the organic
template is removed from the molecular sieve pore structure, and the catalyst
becomes activated for the cracking of hydrocarbons. According to this procedure,
there 1s little 1f any contact with moisture.
[0009] Mees et al., “Improvement of the Hydrothermal Stability of SAPO-
34,” Chem. Commun., 2003, (1), 44-45, first published as an advance article on
the web Nov. 22, 2002, discloses a method of protecting SAPO-34 molecular
sieve, based on a reversible reaction of NH3 with acid sites of the sieve. The

method transforms a H+-SAPO-34 into an NH4+-SAPO-34 in reversible way.



nethod transforms a H+-SAPO-34 into an NH4+-SAPO-34 in reversible way. WO

2006/ 0526 W0 Redokis2905/ 039830 -3 The NH4A+- SAPO 34 is sapdrhiRadSosikhe to
wi t hstand severe steaming for an extended period of tine w thout |oss of

‘structural integrity and acidity. [0010] As new | arge scal e, comerci al

.

production facilities, which use nolecufar sieves in the production
process, continue to be inplenented, protecting the activated nol ecul ar
sieves from|loss of catalytic activity as a result of contact with noisture
conti nues t o ThechhE-+aPARQeH iy eaiticio bhableetigavithytnd seserensteatenig afioe an

addi ti onal nethods,for yeducing,the ex ure of catalyst particles to water
nol ecul es, scf’_xfeﬁ‘ gd Pﬂ@d;‘?ﬁgﬂﬂ? OVQ‘P%SQ \?ﬁ'ﬂ%ﬂ"myﬂﬁ?grgﬁﬂéé a?lﬁfﬁs contact with
cat al yst pamﬁcﬂs i's coote! gl ang %ﬂﬁﬂ&&@ﬂpfdaheﬁtgh%g itidd€ WhRACHdeON

system Su ry of the Invention [0011] In one aspect, I's invention

.provi des net malsculimatsievssi int the productionopweesspnconfinum| tec beaimslementsd,agai nst

| oss of catalytic.activity duri dditiopn, .storage, and transport of
catal yst par tHeieeng &‘eé‘ﬁﬂé{q‘t?‘gmo t é’ceivﬁfrﬁ%?slf’_%sn‘? ‘%@Mﬂathltaﬁs éﬁﬁ%‘é‘i ment
the inventi on,RLMLORTEL IndEREESHHLAEs oMREGHE bh by g%l%%mieggar Wit gs into a

oxygenate to olefin reaction system The process includes oring
met al | oal um nepdsak atadditcathingfitodp ot tadheng ithe exprsnteadheatal ystrmantsdles toi ng t he

stored particles fromthe container into a reaction system and introducing
2 gas T 1ow (WG TRIECISH s e Da MoKy Phuaieh vaPrepalaimescty SRt PUE wher o
t he vol une of b 1R SUGERE o e ' (ﬁ&ﬁ' i's

conpar abl e inca%/agfsﬁprehﬁ%{?gt he gr\(/):ljl%g(lgjrgrne&ngf";?mcat aﬁgls%?é%%gﬁ%%sa&ﬁem %ﬁgl'the

cant ai ner t hrSuminagy ofitlrel Ipsenfianticle exit. [00131 In another enbodi nent,

tHe cumul ativ isture content of_ an ases introdyced into fhe storage
cont ai ner or @Qgﬁ for tinafre aspegh thig W’%Pﬁd’mb‘ Pt methads; thatassist 1 Y t o be

l'ess than 0. T biacHeH 8F nRfibculd Pdves Apdin¥Siosd BPeﬁﬁ%iE?ﬁgvgm\ggﬁdﬁiftion

controlling the noisture content 1s by controlll nt of the
gases i ntrodut@dge, ahd thhspostadicagbyst partiaien tr ardrfrars @dedotiontsystamf er of t he
stored parti

. 100241 In still apot.her .embodinent, the catalyst
arti cl eb- carOBEN: | ror TR TRIB o ARG AP e h T JERSEEt as
feeder hoppercat [\ padfcflsisth a P8EhAL &S oRER rdddBbn BRIt a8 hrddesd MBludes
i nternedi ate hoppeP prior to béing noved into the reaction system

storing metalloaluminophosphate catalyst particles in a container, transferring the
stored particles from the container into a reaction system, and introducing a gas
flow into the container during the catalyst particle transfer, where the volume of
gas introduced into the container during transfer is comparable in volume to the
volume of catalyst plus gas exiting the container through a catalyst particle exit.
[0013] In another embodiment, the cumulative moisture content of any
gases introduced into the storage container or used for transfer of the stored
particles is controlled to be less than 0.1 Ib water per Ib of catalyst transferred.
One way of controlling the moisture content is by controlling the dew point of the
gases introduced into the storage container or used for transfer of the stored
particles.

[0014] In still another embodiment, the catalyst particles can be first
transferred into an intermediate hopper, such as a feeder hopper. The catalyst
particles are then maintained in the intermediate hopper prior to being moved into

the reaction system.
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[0016] FIG 1 is a schenatic OPETASTNS059830 syst em

ring catalyst particles to and froma reaction system accordi ng
nment of the invention. [0017] FIG2 is a schematic overview of
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the invention.

[0020] FIG 5 is a plot of the potential incremental water uptake versus the
atmospheric pressure dew point of the supplied aeration and transport gas for
initial fresh catalyst delivered from Valeron lined sacks to an intermediate storage
hopper and then to the reaction system and regenerator.

[0021] FIG. 6 is a plot of the potential incremental water uptake versus the
atmospheric pressure dew point of the supplied aeration and transport gas for
initial fresh catalyst dehivered from a sealed metal container such as a sealed truck
or rail hopper or sealed metal bin to an intermediate storage hopper and then to the
reaction system and regenerator.

[0022] FIG. 7 1s a plot of the potential incremental water uptake versus the
atmospheric pressure dew point of the supplied aeration and transport gas for
normal fresh catalyst delivered from Valeron lined sacks to another type of
intermediate storage or feeder hopper and then to the reaction system and
regenerator.

[0023] FIG. 8 15 a plot of the potential incremental water uptake versus the
atmospheric pressure dew point of the supplied aeration and transport gas for

normal fresh catalyst delivered from a sealed metal container such as a sealed

fresh catal yst delivered froma sealed netal container such as a
spectra of catalyst particles in a reaction system according to an embodiment of



WO 2006/ 052677 PCT/ US2005/ 039830 -5 truck or rail hopper or seal ed netal
bin to angidahebhyRre of internedi ate storage or feeder hepgals@RRz836N tO
the reaction system and regenerator. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
1. Transfer Methods to Protect Against Loss of Catalytic Activity [0024]
This invention is directed to nethods of%adding, storing, and noving
catal yst particles to and fromreaction systens that use catal ysts that
conprise nol ecul ar sieves, particularly netall oal um nophosphate nol ecul ar
si eves, whi chneker ssilbeppdriraedled instad bof tocamdiey type eldntevintyiagiisortge cont act

with water | ecul es. Since ny met al | oal um_nophosphat e nol ecul ar si eves,
_particul arly feeder WW%@H%&?@OWV%WIW@ EFELOL are susceptible to

| oss of cat aI]yETgILEf)th'Sm?qqgl\agpim¥ilmmlégnt act with water

nol ecul es, t es shoul d be controlled
.to mininze dontact w tTransfesMetleds whtvotsceA gpiosididsk ef ChfalvdtActivited cat al yst
is left exposgdyho wat ey, vapor for, eyen hor t erig%s J tine, a
significant [88%lof car WMyt inyention; {5 diectet 1§ crgihods ZB‘f N RN )
various embodh SRR Safiyst HabidAY &N bh@ ot REachiR Aiiefs Bt B0 cftafiRE2MART
particles to noisture 1s mnimzed during the addition, storage, and
movenent of pantprist emdleulard sfevesn partiadatly omets}lshimindpliospliste anbicenlar i n
part by reducing the anmount of gas flow the catalyst particles are exposed*

f
to. Because SHEWPSgHRich agsusseptibbniodrss AsaRlis actiypE dug &ytentay vailewal§bunt  of
noi sture co Tl f [ i AR ni%"l_ﬁ in the
gas flow w | Irl{lgfre g'ggge & l#]l%‘g[(ﬁ{é z}ttagltu qle?lq alltogiﬁifré{ﬁlpartl clstlaége\slx’,i %"ﬂé@{ b water
mol ecul es fr aeiliddatingiasphdsphave foR26hr Isievas) sebodicemitle tdulokn@facktalifion of
catal yst particles to the reaction system the exposyre to noisture is
reduced by reti¥ithgPemact aign gnd garactiyifyvaien mulequersy terfg virRRIARY| o he e
o O e AU e DAL % ABIORCRLEC S0 REhRD
transport and storage, e transport and storage contalner can contain
cat al yst par twhéreseapsbsibdere [fumivated ehtalyas is Bfictxpasedts vagpanporbfoarked  of

inert gas. During stqorage the cantainer is sealed and no aeration gas flow
is used to phHeUdRIioAbPEEME? AEYRFENIesE Of GatalyHe aghBbntandicCas in t he storage
container is i ci ent Or.L i Ldhstheast

cont ai ner . For8 &l anp! eAfbraBRA B BRbE R X inl oo ApBTe
transported asftisadidocatalystrpattivdes to moisture is minimized during the addition, storage,

and movement of particles to and from a reaction systemn. This is achieved in part
by reducing the amount of gas flow the catalyst particles are exposed to. Because
any gas flow can contain some moisture, reducing the amount ‘of moisture
containing gas flow and/or reducing the amount of moisture in the gas flow will
reduce the risk that the catalyst particles will adsorb water molecules from the gas
flow.

[0026]) In an embodiment, during addition of catalyst particles to the
reaction system, the exposure to moisture is reduced by reducing the rate of gas
flow and/or reducing the moisture content of the gas flow during the particle
addition process. During transport and storage, the transport and storage container
can contain catalyst particles and some amount of gas, such as a stagnant blanket
of inert gas. During storage the container is sealed and no aeration gas flow is
used to prevent moisture from entering. The amount of gas in the storage
container is sufficient to support a desired pressure in the storage container. For
example, in many embodiments the particles will be transported and stored in the

storage container at a pressure of up to 15 psig. In such embodiments, an inert gas



storage container at a pressure of up to 15 psig. In such enbodi nents, an

I nert gas WO 2006/ 052677 PCT/ US2005/ 039830 -6 can be used to pressurize the
cont ai nerwhoobdhsker715 psig. In other enbodiments, the paebhkhd@sosai, Le
transported at standard pressure. [0027] Wen partlcles are transterred from
t he storage container to the reaction system a volume corresponding to the
vol ume of transferred particles is remo%ed fromthe storage container. If a
gas flowis not added to the storage container during transfer, the | oss of
the transferred particle volunme will cause any gas in the storage contai ner
to expand, | eaubegsidteaprestiuizeithnconiapeetsyr & i psige Instthemgebatimentsner . As

nore particlgs are transferred of pressure in the storage
cont ai ner ca ei%’é“é?s‘f qqgﬁg?%$§§{@ﬁ§rg@r%§p; ®ous reasons, such as having
a | over pres Mfz‘?!' n th%ﬁ@&ﬁﬁﬂﬁle@%& &dnSferred Aorh thé Q?orﬁgé‘%ﬁt%exsﬁ

[0028] To prevent pressure Foss in the storage containe a gas ow can be

i ntroduced i maotibheys¢my agehmqu;caraspwncﬂmg inthepaidme bétfansfmécbpartlb]las an
enbodi nent, the volune . rate of as }ﬁbl s selected to ce a vol unme

simlar to tﬁ%n%ﬁd e S@%ﬁag?e %tgmse. 2825 flove s oot p tp e SEIRES on
system In agp &% . he
s%/orage cont a| ner Vi a %?% ethggﬁfﬁﬁﬁéﬁmlﬁgmwgghg&\lj‘gﬁpcahggé%% of gas
fl ow that cogaesptirdsortage tcbntalrmstto expandp leaflingt toan sddactiad ip pressure és tiad | ows

the pressure in the storage containeyf to be mainfajned at a roughly
const ant val SETEGGOREFIBET r/h TI08F pﬁ?‘ﬁ%éﬁe Hrnsiere éh“bgg’r' PlePressg st

particles to S £l dchai ai h g flow
can also assﬁ?tgfa%%f@da?éz}ls%g t he catea sstf&gg%ttlc es asu{ Son‘ga%‘tfﬁhc?%s | eave
t he storage hevngailowes pl'ebmlsemlthe)mmxetcbmanmt tlapsh tlj:eaneh¢tnine§rsttsm fl ow nore

freely. [0029] The arm t of gas ro entering the storage contai ner can be
expressed as?é 02801 urre I?TSV‘T' IP&%SF‘\‘FE PS5 1 jHee Q}B‘TaﬂﬁﬁO%th@‘étaaﬂaﬁ&OWp%ﬂnt‘P%l es and

gas | eavi ng g stelAg %&ggg{%b UBialel dBifELANLR! AR Ctin oh LfBBRGINI NG ¢ he

volume ratio e Vo as entering exiting the storage coht ai ner
I S measured aiie vilhme patessygne flotv it belectod tadigplncah vbhmelmgmllamortge oblmeat al yst

transfer operation, an e glnent t he vol une tran at.io of gas
entering t he o4 Paisls bE’é‘rSttEﬁ“ﬁg?Te Ve $hsreaction sysiem, Jang gela ?fglﬁ’%‘i &8 ting
fromthe storgg oW%@b@%ﬁﬁ%&mﬁe@PﬁéHﬁé ¥dka e%ﬁlka‘?ﬂﬁer' Via JnQulﬁpfér infdf .0 or
| ess, or 2.0%or less es . ess, or ) r-lTess. In

anot her enbodeletitg a kelwod wate dfr msﬂew that icorre$popds terlmerllostgvmlhme of
transferred particles allows the pressure in the storage container to be maintained
at a roughly constant value during a transfer process without exposing the catalyst
particles to unnecessary gas flow that may contain moisture. This gas flow can
also assist in fluidizing the catalyst particles as the particles leave the storage
container, thus allowing the catalyst particles to flow more freely.
[0029] The amount of gas flow entering the storage container can be
expressed as a volume ratio relative to the volume of catalyst particles and gas
leaving the storage container via a catalyst outlet. In determining the volume
ratio, the volume of gas entering and exiting the storage container is measured at
the pressure of the container at the beginning of a catalyst transfer operation. In
an embodiment, the volume transfer ratio of gas entering the storage container
versus catalyst particles and gas exiting from the storage container via a catalyst
outlet is 10.0 or less, or 5.0 or less, or 2.0 or less, or 1.5 or less, or 1.2 or less, or
1.1 or less. In another embodiment, the volume transfer ratio of gas entering the
storage container versus catalyst particles and gas exiting from the storage

container via a catalyst outlet is at least 0.99, or at least 1.0, or at least 1.1. When



storage contai ner versus catalyst particles and gas exiting fromthe storage

cont ai ner ywih fod/ 0537l yst outlet is at least 0.99, or at ll?%%ﬁ.‘sz&o-af‘?ms% at
least I.1. When WO 2006/ 052677 PCT/ US2005/039830 -7 the volunme transfer

ratio of gas entering the storage container versus catalyst particles and
gas exiting the catalyst outlet fromthe’storage container are greater than
1.0, the excess gas is vented fromthe container via a pressure control
valve in order to naintain a constant pressure. However, if the transfer
ratio is | esshe hfahnnmr@nsfemmtimr of gas entefing Ithe @tma@i crertainet vedex catmbysivhi ch

could limt the. ata st flow rate o e rage contai ner 0030] The
.amount of noi as exftilg the cpia) 3#8?‘2@ tfriorr%t sggrggﬂcpgtaugaﬂen%'e ftat al yst

transfer opergfi @@ %rbx%és%%a'é"‘i‘s Gantd abhPthe dofitafifer Q@Qg}égﬁ%’conﬁb'iwm a
catal yst transfer operatlon the cunul ative noisture content of the gases

.used in aer atumgdeurI’nem;um:luagte:ouatlan%\pmﬁmfanHOWQVel,pﬁ&wrtm:usﬁalrhtw tsrlessghar ri ng
the catalyst

s.0.1 | b tatal ter/| ftot cat | ess 0.011Ib
total water/ Ilb6 dhe Presup ogélliea?%?@?mﬁrrwkheg 1’“8 'ﬁ?l‘?qll W‘Bﬁ%ﬂ Ca&@il’sétﬂﬂ“b of
total catalysheQjut bpe stige®odPliderl b total wat er/I b of total catalyst or
| ess. The catal yst transfer is preferably controlled so that the water

content of tH&03Yt al ystThes armnmt af medisare ttha gataiglﬂtmﬁbleechrerexpdmﬁ ted
anount during, transfe

r s after transfer js. c ete, ch as during
Ay SubsequeniieRgt e BEEL heraed: ek BNBEGORERISE | T AR AR
nDi sture cont&pinotALHALS tramdfer %ﬁe@%ﬁ%é‘%ﬁﬂﬁa’tﬁée hﬁﬁ&ﬁ‘x%dcdﬂ?(mﬁ%@ttﬁ@%dsb@g the

at nospheri c pressure ter dew “point of the supply source for the aeration
and transfer upad.inl zeratmgethsostioragat contdirer amiyfpo prtunadticaliy temsferiog thad

triansfer gas h .d i of l.es han 00F, or | t ha F,.. OfL |less
t han OF, or I%@y§ﬁ%\ﬁ\%ﬁg‘¥nﬁ‘gaﬁe /}h ?P o Q?'}]:y(ﬁ%ﬁfr]@ssof’rpf@slb Eiwﬁgefm? 8£water
during transfgfal chif3r 1643, &no@@Momwateﬂmefﬁﬁmrébﬁﬂﬁﬁ& 1¥eEdrvD001 b

pneumatically convey the catalyst in a conduit from'the stdrage contai ner

to an inter rrﬁdtaémtdn/(ﬂppétotacblcauabfst othless: élétwtoatalxﬁygam&n 1s ptéfenably @mtralledat e of

t | t 0.01 [1.b t t. 0. f./ l.b ta ) t | t
ot et OO0l GRSk, OF oL SR s bl NnE BBl o1 €29

embodi nent , t&h@.n&&%bumgﬁﬁng%raﬁéfey@wam a@aﬁﬁttﬁngtfer B &nﬁﬁété' ﬁcﬁﬁ& alygg or
| ess, or 2.0 scflb catal yst or |ess, . catalyst or less, or 0.75
scf/l b cat al argtsubsequentstorage.
[0031] In another embodiment, the cumulative moisture content targets
can be advantageously reached by controlling the atmospheric pressure water dew
point of the supply source for the aeration and transfer gas. In an embodiment, the
dew point of the aeration and transfer gas has a dew point of less than 100°F, or
less than 40°F, or less than 0°F, or less than -40°F to limit the exposure of the
catalyst to water during transfer.
[0032] In an embodiment, the supply gas used to pneumatically convey
the catalyst in a conduit from the storage container to an intermediate hopper or to
the reactor system is flowed at a rate of at least 0.01 scf/lb catalyst, or at least 0.1
scf/lb catalyst, or at least 0.2 scf/lb catalyst, or at least 0.5 scf/lb catalyst. In
another embodiment, the supply gas is flowed at a rate of 5.0 scf/lb catalyst or
less, or 2.0 scf/lb catalyst or less, or 1.0 scf/lb catalyst or less, or 0.75 scf/lb
catalyst or less.
[0033] In another embodiment, this invention provides a method for

storing and transferring catalyst particles to and from a reaction system. New

catalyst particles added to a reaction system are often stored in an intennediate



[ 0033] In another enbodinent, this invention provides a nethod for storing
and transferring catalyst particles to and froma reaction system New

catal yst payidoghegradded to a reaction system are often gicaneodsiiaio

i ntermedi ate WD 2006/ 052677 PCTI US2005/ 039830 -S hopper until the particles
are needed to replace particles losses. In various enbodinents of this

i nvention, the gas flowin the internediéte hopper is turned off during

st orage of particles in the internmedi ate hopper. In such enbodi nents, the
gas flow in the internediate hopper is only turned on when catal yst
particles arhepperanstile theegarticlom are needade iaeplacee phdistesr lossesr e a@goparti cl es
| ost during essi.ng.i,n the reaction ste et an

enbodi ment - (RIPRGERDE e JRa0hdns A, TP 4f the ilpmiia g ioBpariS FEPF ng
catal yst partgfth@eng Qopipd of fgﬁmc?esrlﬁaﬁé ir@an&nfa&@nbpﬁﬁem@ﬁah@&bmlmé&ﬁes for
control of the enV|ronnent or a catalyst particle fromthe tine of

synt hesi s t o thhgas ﬂtm’ ihghe uﬁ@rrmﬁlattmhomaﬂ QIEJV thrned qne‘ahemcataﬁyt paxtielesi ni ng
control over th th t the ¢ ti a Xpose t he
catal yst par¥fy gﬁaé@ HI E?f& miiﬁrﬁ'%"?aﬁa? Rﬁpt{? 5‘??&?"& P‘é‘%‘llcgﬁg]gﬁt am ni ng
effective |ié§$&ﬁﬁn %pg@rgﬂhgﬁgggmﬁ reactor. Initial Transfer of

Catal yst into Reactron System [0035] Control over noi sture content begins
when t he cat dDg34] partlhﬂ&a antkersgmbidigiene dhisDimventors ymoidss sp oatrall yst

particles are ai nst I st ur bso ion by a tenpl ate,.conpound
in the parti 6}151[‘ ér %r’%ﬁ%gﬁ“&g St H?énﬁ? %pf%cgn detgaguen Snﬁ%‘“ea?ﬁ §yst.
However, remyihed JI&RE 2bRirdl SOhEBESfokient fb?taaéa&fﬁg tg%z[rhblgf?oﬁn

susceptl ble to deactivation due to water absorption 0 Because of t he
possi bi l ity dimeefisynthesis wrthel timet fmrempoﬁ ﬂteecatatlysmaneirreactbheBatmnmahnng

surroundi ng t he cat al artic sho |.d be cantroll ed d rin sport of
The. oart oreconisSt hier B RS G U Al iclon 6 HTPasei i e cela”

currently avgiahfc@ésewh@ hatd @fh%@féf tabtidtyC &by lorRRE Tréiﬁiuﬁﬁrg SHHSiva Siféifthd
hoppers, tru hopper s, cont ai ners, bins, and sacKs. The various types
of transport uponrwnmnmgrasrem carry as rruch as 1 - 100 tons of catal yst and
are made of V?I’I ous 2 . utch as steel to woven
pol ypr opyl endlsacks wit - 5 it
Val eron or otfgss)l i ner sc&&t&h ARr ﬁ&ﬁﬁﬁhm é‘cﬁl@ér@'ﬂ’égﬁﬁ WRéd the MaRstOpartitiese
cont.ai ners can also be pressurized relative to

are synthesized. During synthesis, catalyst part}cles a:e protected against moisture

€Fht erial such as

absorption by a template compound in the particle. This template must be
removed to activate the catalyst. However, removing the template also makes the
catalyst particles susceptible to deactivation due to water absorption. |

[0036] Because of the posstbility of deactivation due to exposure to water,
the atmosphere surrounding the catalyst particles should be controlled during
transport of the particles to the reaction system. Several types of containers are
currently available for transporting catalyst particles, such as rail hoppers, truck
hoppers, bulk containers, bins, and sacks. The various types of transport
containers can carry as much as 1 - 100 tons of catalyst and are made of vanious
matenials ranging from metals such as steel to woven polypropylene sacks with
inner liners of a polymeric material such as Valeron or other liners such as metal
containing foils. Many of these containers can also be pressurized relative to the
outside atmosphere. Pressurizing the container reduces or eliminates the
likelihood that water vapor can diffuse into the container and deactivate the
catalyst particles. In an embodiment, containers not employing polymer linings

are preferred, as the polymer linings can be susceptible to varying degrees of



out si de at nosphere. Pressurizing the container reduces or elimnates the
l'ikeli hooﬁ,d%(t)m%.pr vapor can diffuse into the contain FTRR og/ﬁﬁ)ﬁﬁoi vat e
the catalyst particles. In an enbodi nent, containers not enploylng pol yner
linings are preferred, as the polyner |inings can be susceptible to varying
degrees of WO 2006/ 052677 PCT/ US2005/ 039830 -9 npi sture perneati on over
time while the nmetal storage containers generally have no water
perneability. [0037] In another enbodi nent of the invention, the container
for storage mdistireapaprationoost tites wiiie aihyetad soregevcontain@s teeh@slly hevecat al yst
containing the activated, sieve. Such an environnment can be provi ded by
_covering the "V3eERERealifye | oaded into a container with a gas or |iquid
bl anket under ydr ou it : Vi . herel : us gas
or liquid bl Jﬂ%{' wi l | qﬁa@g’n{r?é%i%?gnﬁgﬁ Gy 1“?%1&%%5 tgérrg%’ﬁ%l%g’f %Y‘)S%B% The

. anhydrous gasrhitanspet peaviddseap aaiydiews envindamena aruthie candydticontirmiig theder

at nospheric or ,greater pressure conditions. In ,an enbodi nent, the anhydrous
gas bl anket 4HVaied\8icEs SHAR AR COROHRRY can be pErided by spvams thaeetivand | ess,
or 1.0 vol une;per e 238G Lor, Q. : r | ess,
or 0.01 vol le%é&ge%gg% %t%r&%ﬁlﬁgsytﬂl% %%é);{ﬁlgmgn@g@feﬁeq%}d? %@dr%‘%ydr ous
| i qui d bl ankedongitichs.dAs iprekitisd heredm, thevimhedroao gaeat lighid bhinkegt @l Bavetrvan

about 200 ppmwater, preferably not greater than about 100 ppm water, and
more pref er dBP5p thas a fpated @moughpf ye@ut'ﬁwrﬁrpféﬁ%tgéﬁ blanket cqn by dreyided

envi r onment appl i.ad: durli t g oadly fy.the
activated Caﬁ%’&%?&u 0‘3&@? ﬂllcﬁlg "Sﬁﬁi‘}%ﬁ%@%&%é 8F§ﬁﬁl%§rtqrgsgeg%gh@%8§rmst andard
t enper at ur e amcembpdéasnt] theaahgdronogs Madtetios s water camett of aban0Solpmied | cant
degree with the nol ecul ar sieve structure. The gas is preferably conposed
of at |east diecegh¥atesiosdessdor H-8olymepeeent pratenas ks, 9 Odk volime dgesnt hel i um

Qo @2, H, o 1662 or 0, @Yol Prcent }%gfég;l{sk.' Mn Ghofdr éﬁlﬁéﬁgﬂ%m the

particul arly nmethane and éthane). cyc anes. e gas anket can be
mai nt ai ned atanhpgrops digaid Blanketcliliddasigabln tieve ¥ acuetanemtof ot @itst @arabove
standard, even 1f_the gas becones |iquid at pressures above standard, as

long as the caeut 200pRM Ve RredsrAYly ot greater thapaboath bl PprYaler Aphmore

conbusti bl e ' ' i .U : Lnert
gases aro - praprinyiot feedt WEAAE0 S fom Str e AlORon S BN e T o
particl es ar ebe dpphind Heringstorhige sedrlsport oolvading ofitlwi aeavated thtabst. anhydr ous gas

bl anket to a .
{00383 The anhydrous gas blanket is a gas under standard temperature and

pressure conditions and does not react to any significant degree with the molecular
sieve structure. The gas is preferably composed of at least one gas selected from
the group consisting of nitrogen, helium, CO, CO,, H,, argon, O-, light alkanes
(especially C;-Cq4 alkanes, particularly methane and ethane). and cyclo-alkanes.
The gas blanket can be mantained at any pressure, including under vacuum or at
pressures above standard, even if the gas becomes liquid at pressures above
standard, as long as the conditions remain anhydrous. In some embodiments, non-
combustible gases such as nitrogen, air, helium, argon, and other inert gases are
preferred for forming the anhydrous gas blanket. When catalyst particles are
transferred directly from a container with an anhydrous gas blanket to a
regenerator, using nitrogen, air, or an inert gas as the gas blanket reduces the risk
that an explosion hazard environment will form in the regenerator.

[0039} The anhydrous liquid blanket is a liquid under standard
temperature and pressure conditions, and does not react to any significant degree

with the molecular sieve structure. The liquid is preferably at least one liguid



regenerator, using nitrogen, air, or an inert gas as the gas bl anket reduces
the risk that an explosion hazard environnment will formin the regenerator.

[ 0039] Tk\goaﬂbl(}%g%_s liquid blanket is a |iquid under stﬁ@%ma@%@rature

and pressure conditions, and does not react to any signi gréee wth
t he nol ecul ar sieve structure. The liquid is preferably at |east one liquid
WD 2006/ 0$2677 PCT/ US2005/ 039830 -10 cdlposition selected fromthe group
consi sting of al kanes, cyclo-al kanes, C6-C30 aronmatics, and al cohol s,
particularly C4+ branched al cohols. [0040] After transporting the catalyst

particles t oCbIIﬁPosm@i EdleCted ot e grovs t@iistinh @ f aBitaaby) S cldlikare, @ddsd i nto
the system Preferably, the catalyst articles are transferred into the

reaction sysegemalish.igdaleholseprrigaledirCitranchsdalpplols.t he catal yst particles
AT R R e

bet ween t he Jra port nt ar ne ere on sys

transfer of thgerdatie c4taEsOagishbebyidedeniontheasystdnve Biefdrisly, Bat tanlyef the
transport container. In an enbodinment, the particles are pulled out of the

transport copesiclesrargeansferigdainia yhe reschemshivementinglianelosed systeraonFel ner i s

pressurized so that .t he flow of. t he rticl | s.assisted by a pressure

differenti al e?{ﬂ’é]? gﬁ’ %tgfy toﬁ?rgf;#? rcagﬁ%e krﬁg‘oﬁsﬁ%%filﬁgtﬁ%rfe%‘ftl%h@’s e&?ﬁ?ycl es.
Cat al yst par hedifS a sebd cOHETRAESGR WahsgRNdcitdIfEr MAURE réhcBONKHtdm. Thi s
conduit is connected to a source of pressurized gas. The pressurized gas

pneumat i cal | {n gonemyedimient, deamafey sif thp rarticdesebeging diygepening eovals at &l i nt o
the reactor, ,the r nerator, an.internediate. hopper, or another,container
wthinche + balima 60 Boliatry srhlund 3haB sriiefime B peptiicd B alita A% 1 ' ot
transferred PR hshétt @bABMeAtR: RORRAGHY. ABfaroBRR cHRBRRSht, B cofthideh & |

i nternedi ate hopper into another conduit for transfer to the reactor or
r egener at or . pHseurizsd rsoethatothe flave of ithe pastielss sdasgistask by hypressure diffe®npai g

hi gher pressure than the.destination..contaiper to assist,jn catalyst flow
and avoi d big{?fqeﬂ ae g™ of &eag%sa??‘h"”t ﬂg%fer é?ﬁ%“fiﬁﬁ- cgﬁtﬂys’?spaﬁ_éé?s t he
catal yst soukgRngnde tFASHdrD3bhtRiMcE @ifeRiaN@NdRE. VESS bndift INEofRMeaithe oOf
vessel can be isolated once the catalyst transfer has been conpl et ed.

Val ves are albewce nfpisssuizahgee Theeprassurzedbees pagumaticallymonveysabe etalyss t he
RPAIRG RTEI N e NS TR R RS
reaction systgfperShofABerCentanROitHiA Ihé GREEGERYSerd. In some embodiments,
the particles can be first transferred into an intermediate hopper and then dropped
out of the intermediate hopper into another conduit for transfer to the reactor or
regenerator. The source container is operated generally at a 5-10 psig higher
pressurc than the destination container to assist in catalyst flow and avoid
backflow. Valves are placed in the transfer conduits near the catalyst source and
destination container or vessel so the container or vessel can be isolated once the
catalyst transfer has been completed. Valves are also included where the aeration
and transport gas enters the system at the catalyst source vessel or container.
[0041] Figure 1 provides a schematic overview of a system for transfering
catalyst particles into a reaction system. Storage container 105 represents a
container suitable for transporting catalyst particles to the location of the reaction
system. Catalyst particles can be transferred from the storage container into the
system via one or more conduits 110. As shown in Figure 1, the conduits can
connect the storage container to one or more intermediate hoppers 120, 125 in the
reaction system. Catalyst particles transferred into these intermediate hoppers can

then be added to the reactor 130 or regenerator 135 as desired. Altematively, a



container suitable for transporting catalyst particles to the | ocation of

the react| %00%365}6?5“ Catal yst particles can be jtransferrpi:g.lﬁ%&{pmtj%osporage
container 1nto the systemvia one or nore conduits 110. shown"in Figure

.1, the conduits can connect the storage container to one or nore

i nternedi ate hoppers 120, 125 in the reHction system Catalyst particles
transferred into these internedi ate hoppers can then be added to the
reactor 130 or regenerator 135 as desired. Alternatively, a WO 2006/ 052677

PCT/ US2005/ 03283t 110 ¢arc oirebilytcohiébt clanstoiage cohtyineO NI RithtdiBeSteactage30
container 105 with either reactor 130 or regenerator 135. 10042] Figure 2
_schemat i cal | TSPESRETAPIShSt em for transferring catalyst particles froma

transport or Fenage CoRLAINSIshIhdiANTSARHOn SHSHCR ThSesae Nl

particles ar e reac em 1 n’one or

.cont ai ners 2Qarticléd foime Zasporer serge abneirAites redctipn $géthhe Thelchrbysy or
storage containers 205a-d, including rail hopper 205a, truck hopper 205b,
cont ai ner 20Jartigipgars dequeht &y thsireretion SYstem An 0BG PLMSTCHBBEP FeREIErsH)S.

hopper s, contﬁi%ﬁlq%r ?h%}%@‘%ﬁ%’eﬁagd?@}@gﬁ t8f"ﬁ:ogﬁb19f dé”H%r)}é %?Xa%rﬁ"g gtscto%{a%? s

i ncl udi ng vess ons Of nore parttcles.

Al ternati vel y205a8lihchiding PHELGppeE 205 A itivek hoppaclOsb psuhtaihes209chaid sweksl S tons
or | ess of catalyst g)artlcle_s can al so be used. During transfer, a gas flow

i s i ntroducedritng 283G oM ypries aopdingats, ts hoppers. sodainetst paskiscand bing o

i ! s 0B _ bingo
Flowng. out GF T 29 sPRRNER A8, i e Plack MABRRLY B QERRFRERRIFT ol'cs

exit the storgueatalg@riaaiicles. Altchredely, siilterfappes) esntamers saqe! dnddbiRy a
seicond gas flow froma gas source 256 or 260 toward a vessel in the

reacti on systiahheld SHogeoe 1gss of satalyst Barisles cpm alsp dieatsedr Owsbigntgansfansf er r ed

into an internediate h I ¥ qui Li brium.catalyst hopper
is shown in Fgaaﬂtj%wgs_ nﬂ}pcﬁg“r:eqzélr%ggﬁgFa%%e%aﬁqse?ﬁ%hy%eg goa‘?tﬁ’ WOBBTQO%EIC%O tt%l al so
serve as the idntfnsredisationorpeiirceAlsoermhat da¢ €low agRisthy Partidkalihifhgsg i N 5

ton or smaller sacks or bins 205d can be gravity fed directly into another
i ntermedi at e #i5Pdhe storrgk castaings @e feadeppenpesodiicrihe raatieley sxit the sterage

i ch can conbiine @hoed PR PSSR ofnglel By f ool G T bEn R 8

directly int osoard¥ IHas60Gowealda s tel il tHeteadtRAaG btei. T Fi@ife 25 thelratidysd
reactor (not shown) or regenerator. The  internediate hopper 220 or 300 is
equi pped wi t hpatiplee 88 being frpnsipsed fnte7a idermediate hopper 220. An “e-cat” or

equilibrium catalyst hopper is shown in Figure 2. Other larger or smaller types of
hoppers could also serve as the intermediate hopper.  Alternatively, catalyst
particles in 5 ton or smaller sacks or bins 205d can be gravity fed directly into
another intermediate hopper, such as feeder hopper 300. The catalyst is then
transferred generally at higher pressures from the intermediate hopper, which can
contain up to a full reaction system inventory of catalyst, directly into a processing
chamber in the reaction system, such as a reactor (not shown) or régenerator . The
intermediate hopper 220 or 300 is equipped with a pressurizing system 270 to
control the pressure within the intermediate hopper. The intermediate hopper also
includes a release conduit 280 or 281 to exhaust any gas displaced when catalyst
particles are added to the intermediate hopper and to control the intermediate
hopper pressure. The intermediate hopper further includes an exit conduit 290.
The exit conduit allows catalyst particles in the intermediate hopper to be

transferred to other parts of the reaction system, such as the reactor or regenerator.



control the pressure within the internedi ate hopper. The internedi ate hopper
also includes a release conduit 280 or 281 to exhaust any gas displ aced
when cat afShoek3k17 Cl es are added to the internedi ate heppRis:@Rfzdsq, control
the internmediate hopper pressure. The internedi ate hopper further Tncludes
an exit conduit 290. The exit conduit allows catalyst particles in the

I nternmedi ate hopper to be transferred ti@-other parts of the reaction
system such as the reactor or regenerator. WO 2006/ 052677 PCT/ US2005/ 039830
-12 [0043] One nethod of starting a transfer process is to open a valve in
the bottom ¢0043] | ocat i@me inkthiod aifrsteting ¥ taasfeapricesat ad vpen patlvedheks such
as an internedi ate hopper, or a storage container. The particles wll fall
through the DboHppeofm docaat@an&mttqmsagm eontyBh Gy dPaElssgRUGh@s c@hduit to

| th . ' ' ti0ation.
Bl Cornati ve. ORGOIOeRRPPREOER, AP Colitfet, AB8 bRy (R mbl A 11
reaction systhatvelitoanconde. Gagnetieh Mowedlioagh it watial Y6 bropepiht icalaBst ar e

briefly exposed to an outside atnosphere during transfer fromthe ‘transport )
cont ai ner t o Pefiglasdawaidgheis destmationror exanpl e, particles coul d be poured

into an inter hate hgpper, - aS f p Preferabl I f the
particles arlgﬁgqposedciﬁo%éna%%ﬁ%\%e eglbﬁg@gﬁ{é’r L}Bgt %{éalxa‘t ﬁaﬁg?eﬁt ﬁ%%ph%r e
shoul d have agnkfefrbdl GntoViceadtiit SRtenA Sy ROSEHEN ConeBBGS] whéte ahe @afaREE ment
where a reaction systemis going thr oug% a start- up procedure, newly added

cat al yst par tpagickss aiedrsdlysedosstt tp theouislgedimosplsre slurog transfepdtpmmiberg t he
MIO reaction._ln another e di nent ., the rticles are. .transferred to the
regener at or APPEH° ?qquln%ratggﬁ%beam?rbﬂaﬁnhpﬁ%}pe&émpi? p8ﬁ}%‘?5 QP UEROUED nt ai ner
W thin the remetinOmtdinetRre hppel sash khe festiet hoppdrlPreferfbls at teopREEles | N
still another embodi ment, catalyst particles can be passed direct] y into the
reactor wi t Horiexposedio aigoutside perespberat ibe oulside atmogplereshapid meashdtle To a
Reaction Syste Durtrr]]ﬂ Norr‘r% Qperation [0046] After start-up of the
reaction syst“éqi‘]?rc‘loﬂe EIRGF the MTO reaction leads to a | oss of catal yst
particles. Theodmrticl s apambdRith&ftwHedd a YAkl ONSystért abEdlfg trohgex aER!l €,
particles can be |ost due to attrition, such as by breaking into small
particles; duwp nrocddued, mewily pddedaqatalyst pawticles seh passed sy thy rqganerator psioni th a

to beginning the MTO reaction. In another embodiment, the particles are

transferred to the regenerator after first passing through a hopper or other storage
container within the reaction system, such as the equilibrium or e-cat hopper. In
still another embodiment, catalyst particles can be passed directly into the reactor

without entering the regenerator,

oL Transfer of Catalyst To a Reaction System During Normal
Operation
[0046] After start-up of the reaction system, the nature of the MTO

reaction leads to a loss of catalyst particles. The particles can be lost for various
reasons. For example, particles can be lost due to attrition, such as by breaking
into small particles; due to inefficient separation, such as loss of particles with a
product outflow; or due to intentional removal when a sample of deactivated
catalyst particles is found within the system. Regardless of the cause, when
catalyst particle losses occur, additional particles are added back into the system.

[0047] In an embodiment, additional particles are added into the system
directly from a storage container into a processing chamber such as a reactor or a
regenerator. In another embodiment, additional particles are added into the

system via one or more intermediate hoppers within the reaction system. After



product outflow, or due to intentional renoval when a sanple of deactivated
cat al yst j js found within the system Regardles e, when
cat al yst %?rﬂoglhagz%r’osses occur, additional particles ar eﬁgg)é]esﬁglg%%&?nto t he
.system [0047] In an enbodi nent, additional particles are added into the
system directly froma storage containel®-into a processi ng chanber such as
a reactor or a regenerator. In another enbodi nent, additional particles are
added into the systemvia one or nore intermnedi ate hoppers within the
reacti on systsent-uf\f areintdEhaHN6/ Qpper7 (suekTasUsTealbt M3PBIP can 1k Slled twitlp, an

i nt er medi ate hopper éq(tS&JCh as a .f@ﬁder hopper.) can be filled with _ catalyst
particles. ASapysipatticlesosAnpathec losses 0geH, dstihrafalystnarticles 62n baA @ dr awn
fromthe int {.at ' r at, oy i:
particles f%@?@?@ﬁ@%@?@goﬁﬁégoidggéﬁ%g%%%?r?grre%%gﬁg i sr?t%g?nﬁé%qi é‘?gs hopper
.can occur by fenu a tsanspa@b be storigh @dntainee tal thengtehedibtedppar cateddoadsy pievi ously

described. In an _ enbodi nent, .the use of the internedi ate ho_gper i

: ] s
preferred whetitahle methpdpgicluding the Grangfer susthodsnpievicaslyodessbest edButn zed t o
pressures gr : n t:l Ay St : di nment
the inter ned?eglﬁtg{dﬁ%%gétrhteggﬁ Bﬁg&flﬁéﬁga&)‘% lﬁ)ﬁb%tg zfé;éfeda#ﬂg%ﬂn%nf%\g\%&gfessur e
conpati bl e Wstdragd@ontainat Yahingt oy posssurizedttal pessupssegistiee th@pay tdattion The
pressure in the I nternmedi ate hopper can then he in¢reased to be conpatible
Wi th cat al ystsysieanBreasure.o Ip jguchy an embgaingas: theinteooedsyte hepaer eartsafiieht |
catal yst partjgle d t r [ . kFom an_jmnter | ate
hopper by fi r"gl‘t{illl o%aé%?%g%aqglgfv@vgetr ?I%géub’gt OZI?IH%?)IEQ( HJéﬁl g}] é’la{r?@'&fastq%g e(’)pper.
This all ows cantdiy@tprésiidel capatsilityo Thebtestuit on theGanretiediate\Mopper daigherdbg ti cl es
can be bl own thr ou%h the conduit and into the reactor or regenerator as
desi red. Dur iingreassiddo heapmpatible with calplyst tigasfer tg thensaetianosysied.i nt er medi at e

hopper. As i bed ove W r . iners,. 1 Ni mum
vol une fl ow d@@gﬂ remeﬂ% %o?%%@ﬁgggétﬁg\%vpgaﬁ%%ﬂ%g aﬁ%‘%ﬁefr%n%gﬁag?%l %tﬁ@er
during cat al yBémt sianifteanediite GappeAr@bEest tepenlig ¥olve af ahe tattomhbf hheat al yst
is exiting the internedi ate pper. The volunme flow of gas entering the

ho
i nt er nedi at e intspmediatediopper. Tinnalioveeataley peficlesyo falhinta ¢ sondudls whereit

|t or o at o RBHEr T bioi Ay MO g ASuRIRAEH b PReleifigrog o) e

transfer ratidestbd.g@ur@ptieisi ddditione aSlow afgacrnidded & thedfiuaediatetoppér.
particles and gas exiting fromthe storage container via a catalyst outlet
is 10.0 or  As described above with regard to storage containers, the minimum volume flow

requirement for the gas flow into the intermediate hopper during catalyst transfer
is comparable to the volume rate at which catalyst is exiting the intermediate
hopper. The volume flow of gas entering the intermediate hopper can be
characterized by a volume transfer ratio relative to the volume of catalyst particles
and gas exiting the intermediate hopper via the catalyst outlet. In an embodiment,
the volume transfer ratio of gas entering the storage container versus catalyst
particles and gas exiting from the storage container via a catalyst outlet is 10.0 or
less, or 5.0 or less, or 2.0 or less, or 1.5 or less, or 1.2 or less, or 1.1 or less. In
another embodiment, the volume transfer ratio of gas entering the storage
container versus catalyst particles and gas exiting from the storage container via a
catalyst outlet is at least 0.99, or at least 1.0, or at least 1.1. As described above,
in determining the volume ratio, the volume of gas entering and exiting the
storage container 1s measured at the pressure of the container at the beginning of a

catalyst transfer operation.



| ess, or 5.0 or less, or 2.0 or less, or 1.5 or less, or 1.2 or less, or 1.1
or less. In another enbodi nent, the volune transfer ratio of gas entering
the storagg 2eppdgéner versus catalyst particles and gas pgfhidai@az6Q5 t he
storage container via a catalyst outlet is at least 0.99, or at |east 1.0,
or at least 1.1. As described above, in determning the volune ratio, the
vol ume of gas entering and exiting the -4torage container is neasured at the
pressure of the container at the beginning of a catalyst transfer
operation. WD 2006/ 052677 PCT/ US2005/039830 -14 [0049] In still another
enbodi nent, W9 parti dhestibr enatoer eibedimentanslier rpdides ok nbe being

I nternedi ate hopper, the f]ow.of gas in the_infernmedi ate _hopper i.s turned
off. This fuﬁaﬂgﬁmfa‘%dl%é@ tLT]éntﬁ‘?Fb‘%ﬂﬂte SPPRgi: the fIRY ehgay ysthe piermediale ar e

exposed to. ' | eqlaf, 1Bl i A Tt
enbodi nment tftlée{p?ér?\e/itgﬁttﬁﬁoeﬁg% 'S0 gwgvﬁlggglegéaﬁe&%hglglj‘f%g?ﬁﬁtdﬁ se}gtt%?r%é {3 ﬁ%&csgt alytic
activity of perteldsypesxmisedtt al yst particles within a reaction system In
met hanol -t o-q) efin reacﬁi ons wel | as o}\h. rreaction systems, H SAPO 34
is a prefer r&¥: cat al yst%m&—m et il ng nmet hanol to ol efins

usi ng H SAP S an I g=C Ay T, , ' [ of H
SAPO- 34 pl ay édz;Sdllol e i ﬁﬁdgl% ef'?ﬁnl?l ﬁ?‘ﬁg‘qt F}l%ag%‘ieﬁg?l% yat](é)l'? %rﬁgﬁgifi aﬁ?/%{wgn yt he

sel ectivity defectingréicharaytid avtivitgfoif sorpe opes of cathkysigardcldendthinga afactibrBAPO- 34
with little or no water contanm nation can be at Ieﬁlst 0.35 nmml /gram or at
| east 0.40 misHeYr atft mathangilosPlelnTeRriops iat Wl 2p Htheiciegctinm sysigmes H-

H SAPO- 34 ca t:0 .l r ;

nmol / gr am [(r)sﬁ(?gﬁnlggrﬁ gﬁng%@d?%%ﬁfg%ﬁqs@%t{n%}e%ﬂc gﬁéeéﬁélﬁnfg@g] %e ‘%385 for
nearly real usingeHS8APOSR4 izsgarpbcitifvatalyzied rdshiont yThus, chd atydsderpiy tofcHes such
as H SAPO- 34 particles. The acid density is. neasured using Fourier,

Tr ansf or m i nfYAF @34 @EtaysArple @ﬂéﬁ?’%@%ﬁ&?.acmaﬁéﬁcﬁﬁlﬁb% thsselsivity he aci d
density of H_$AP at e t t :d SR s g ch Nt one
nour,  and of (oA TerAbBIH praRRL] Th: B84 RRRSpRASAP DM AP  Plce
Ref | ect ance koité¢r @mntabniaasdrocan bendtrlease .35 spacl/grasc @pyt leastpgedd ammelderasi ng an

FT-1 R spectrqneter. and_a high _tenperature ' essure diffuse
refl ectance éﬁ%@?’?‘tegﬂ?@ "t%gr} Beas ‘i“ﬁé’&f?%Hc%g @égo‘{)?"é‘c‘gggé‘alle“t an 0.25

mmol/gram, or less than 0.20 mmol/gram.

[0051] In an embodiment, this invention provides a method for nearly
real-time monitoring of the acid density on catalyst particles such as H-SAPO-34
particles. The acid density is measured using Fourier Transform Infrared (FT-IR)
spectroscopy. Using FT-IR spectroscopy, the acid density of H-SAPO-34 catalyst
particles can be measured within about one hour, and often in less than 30
minutes.

[0052] In an embodiment, Diffuse Reflectance Fourier Transform Infrared
spectroscopy is performed using an FT-IR spectrometer and a high temperature,
high pressure diffuse reflectance chamber. The collected spectra can be processed
to quantify the peak area for the acid sites. After importing the spectra into a
commertcial software program for peak integration (PeakSolve), the spectra can be
corrected with multi-point baseline correction. The baseline corrected spectra are
then integrated following deconvolution of the spectra.

[0053] In the above embodiment, a high temperature diffuse reflectance
cell was used for the FT-IR measurements. In other embodiments, other types of
infrared spectroscopy cells or other optical probes can be used to detect water

adsorption on catalyst particles. For example, a transmission cell could be used



to quantify the peak area for the acid sites. After inporting the spectra

into a c%%,hg/},@kwsoftware program for peak integrationgf ﬁg%g)?_rv?%g t he
an be i “Hhe ba

spectra c corrected with nmulti-point baseline correction. seline
.corrected spectra are then integrated foll ow ng deconvol uti on of the
spectra. [0053] In the above enbodi nent-15a hi gh tenperature diffuse
reflectance cell was used for the FT-IR neasurenents. In other enbodi nents,
ot her types of infrared spectroscopy cells or other optical probes can be
used to det edbr wetaeed spettrosqipyaneasoranangd. y i apather embsdintedt, € fbapdeic a
transm ssion cell cqul.d be .used 2006/ 052677 .PCT/.US20Q5/ 039830 -15 for
_infrared sped’ér?}?fs‘é‘?}’gg heeusedr OnRFIU™ S BYOREPTIRG9 At Aensity 91 b8t i ¢

probe coul d gjgp&b'f&d Hif} g@@{&remﬂofai@%leaﬁme hséarfow%&ﬁtoﬁﬁh%fﬂ%%eﬁéﬁtm

catal yst particles. ype o odi nent can be use@l Tor nonitoring of
.aci d densi ty cafalyst partikles tdupng pedddssofdtoragemomtearispois. Af fitsdranpég@rabie donkinsport .
A f.iber-optic probe coglb(il be permanently located in a storage vessel, or
the probe coledPHEARERBLIFAIWehdeOREE HsstoPE hRFEPRS AuldoPhtEovahia he -

storage vess§lew, i §nd YRengfe 1%}}99{ %ﬂﬁs A ltﬁ%’:st&?g%g\%?éeﬁt i ﬁisoﬁggge@f ly

real -time nonitoring of the catalyst™ partic n an enbodi nent,
the water cordnsbuidiment HBMQoB4ealaimd s hearbyrdal ¢ings monitoring o kel chtylyst
nonitoring adsorption wavel engths that are known to change after water
adsor ption. MSFIDSsanpl e, a sanple of H SAPO 34 exposed to noisture will

show an addi ty | bro e 8 1 . ' eak is
characteristi 990 wat e?ﬂrmg?g%llj es ?ﬁ’a?ﬁ{gr‘gaq%@g?%%gtn%ﬁoﬁdggpéou g?%ﬁ’gttoed aci d
sites, such gamrtidies BChdnissrté dypneskoringondsbipBARGvavklantial that arepladdwctes. | n
anot her enbodinent, the acid density of H SAPO 34 catal yst articles is
moni t or ed by GHBRAES YT TepterAdsoTRtieny X%éﬂx%@ﬁﬁa HFEplE 6 %@é@@' expRssbiunber s

of 3592 and 4. e ty afso | ans at acid
sites on the%'gé?%lf%lﬁ SFﬁasiﬁf#(ﬂﬁ%agrﬁrgﬁgﬁgngﬁﬁg o grarspec%%)ltegl &Hp'eaks can
be used to trEk feble iprédaenceisié ofowatennmolecules IARCGir34hedibgdny dbndedatd i cl es.
[0055] In still another enbodipent, a transfer pipe for transferring

catalyst parBioBfied ad 1S aSUcBast ithh 261k S PEFFeRle ORI AP @ 4 gatalistrx t o

S'M.ei ﬁlr g‘ {‘ﬁet ? éagt?cﬁ%s‘r?] g@g%&r}lﬂaa%b{?@ihﬁhﬂrff@c%& Cnsi?) SRR XBOH-PRChiG5ES
particles is monitored by monitoring the integrated peak area for peaks at
wavenumbers of 3592 and 3620 cm’’. These adsorptions correspond to
adsorptions at acid sites on the catalyst. In still other embodiments, other spectral
peaks can be used to track the presence of moisture on H-SAPO-34 catalyst
particles.
[0055] In still another embodiment, a transfer pipe for transferring catalyst
particles within a reaction system can be monitored by FT-IR to determine the
acid density and moisture content of catalyst particles within the reaction system.
For example, an FT-IR apparatus using fiber-optic probes could be configured to
take spectra of catalyst particles being transferred from an intermediate hopper to
a reactor or regenerator in a reaction system. FT-IR spectra of the particles could
then be obtained during transfer from the intermediate hopper to the reactor or
regenerator. If the particles have low acid density/moisture contamination, the
transfer could be stopped to prevent adding the deactivated catalyst to the reactor.
For example, if the acid density is less than 0.25 mmol/gram, or less than 0.20

mmol/gram, the transfer could be stopped. In still another embodiment, an FT-IR

apparatus could be used to monitor catalyst particles during or after synthesis of



For exanple, an FT-JR apparatus using fiber-optic probes could be configured
to take spectra of catalyst particles being transferred from an

internedi‘?bgﬁm%% to a reactor or regenerator in are E{‘}lﬁ?bo%fﬁs%n FT-IR
b A i er :

spectra o e particles could then be obtained during trans romthe
I nternedi ate hopper to the reactor or regenerator. If the particles have
| ow aci d density/ npi sture contam nations16t-he transfer could be stopped to
prevent adding the deactivated catalyst to the reactor. For exanple, if the
acid density is less than 0.25 mmol/gram or |ess than 0.20 mmol/gram the

transfer coulik foemalaeiidetalydtipasiidles. Poraixbgbles ahodtdakitibingaBathiyst Rrtielppar at us
could be used to nonitor catalyst particles during or after synthesis of WO
2006/ 052677 PCRRSZoeEy (a0plsty moleutesethetatalystnasides spyldtbepmensueskic For

o ooul e, 1 NEiDARRRpR sy b AR R bl TR SN RUEHE,

density and/ @how e Bids HemigtyC ontesisiued chhenpantside! 68 .acképtitle magdsi gheés show
an acid density or noisture content outside of acceptable ranges, the

product i on ppsetustion procepefgydhe iperticdescetn tsestepned paomedified dp frigemize the ni ni ze

the production, f. inferior al - particles. [0056] Figure 4
schemati cal | ff%%g&glll8%15621?0&%%%5%“@%15% ing acid density/water content on
catal yst part[pgdgps i n Fig@ecui eehdyficaly agRWsdiangydtémafor ehRREINEMci®f the

invention. In Figure 4, catalyst aﬁgrticl es are stored in a storage
cont ai ner or densierwaldr gerteniopp sptaliGt phicles un ur keagien systemrasgerdingntosgst em

When it is desirned to,.add catalyst Jparti,cl to_reactor 430 . or
alternativel frqso(?d]trﬂeé' ofgbaelﬁg?rg{o& ??Fgg{r%ﬁy%a?ﬁ%%rp tﬂll-t %ﬁ?eéq’sané%ofedtlﬁél $HERE nedi ate
hopper 405 angnfiHes br intéinsditite h6MIE W05 rlfturdasd fifa RACHE bREeniO Wehdnhif OUgh
transfer conduit 410, FTIR device 420 acqui respwctroscopl c data about the

wat er cont entis ofesized dodadibiaaalyst particleaittal yesetor i(er edternativelyyeto the

spectroscopi ¢_data. indicates that the,catalyst rticl ar.e undesirabl e
dle to deact iVEDPBICT AR PRl @uibE ey Rgnect A% B piesdiasiet
prevent furt hgpdies10.CAEtHeRARKAE moldthidiheriRoft bBRiuiSNOMITIN dEvigsa2) 4,
val ve 425 is operatively connected 426 to FTIR device 420 to allow for

aut omati ¢ cl ceguiessepectraseopiaideta ahsvhthgevaten dooiendPr asidealcnsiihobthe sntalyss t

par 1l e, Vipofh 8he FARRENESRLS W%l 50, 60 LOSAT UM 5,

catal yst par tingkf%abld @b 1 ddaathedtiontor MiglswakReenteRN ivalivBansicah ®e @losed to
prevent further particle transfer. In the embodiment shown in Figure 4, valve 425
is operatively connected 426 to FTIR device 420 to allow for automatic closure of
the valve upon detection of undesirable catalyst particles.
V. Additional Embodiments of the Invention
[0057] Figure 3 schematically shows a preferred embodiment of a system
for transferring catalyst particles from a transport or storage container into a
reaction system. The catalyst particles are brought to the reaction system in one or
more metal, pressurized storage containers 305. During transfer, a gas flow is
introduced into the container 305. The gas flow assists the particles in flowing out
of the storage container or feeder hopper. After the particles exit the storage
container or feeder, the particles are propelled by a second gas flow from gas
source 356 toward a vessel in the reaction system. In Figure 3, the catalyst
particles are being transferred into an intermediate hopper 320 or 321. The
catalyst is then transferred generally at higher pressures from the intermediate

hopper directly into a processing chamber in the reaction system, such as a reactor

(not shown) or regenerator . The intermediate hopper 320 or 321 is equipped with



reaction system The catalyst particles are brought to the reaction system

in one orywgWoEedtRsAl . pressurized storage containers 30perAMidoR@sdsi@nster,
a gas flowis 1ntroduced into the container 305. The gas Tl ow assists the

.particles in flowng out of the storage container or feeder hopper. After
the particles exit the storage containe¥’-or feeder, the particles are
propell ed by a second gas flow fromgas source 356 toward a vessel in the
reaction system In Figure 3, the catalyst particles are being transferred
i nto an i nt emngdssatieidgoppiem 3ZDcoB7BR1comid the ateatuys twitlén tHemtdrmadmter r ed
general ly at _hi omthe internediate hopper dire into a

hi gher_pressures f € I
. processing cﬁ'&ﬁ'g%rr The frﬁﬁm}egﬁ’é‘? BrPES eﬁcﬁ’éﬁ%ﬁ rgléase Gongduit 380 qrngl é)nown) or
regener at or. i r i r i ! i
2006/ 052677 SOLTOS300 & 0 b8 soot ViR canknt Haroties e BB PR Mol |
. control the phoppauare toidopirol thheéntematiate diopper préssppeeTheihterimedietertagipai e
hopper al so inc] udes, a rel ease condui?t

‘ 382 or 381 to exhaust any gas
di spl aced whdHrthel melpdes ga rxitcsandull 095881 ol Renexit ﬁ?@%aﬁl%‘t’-’eca‘ﬁgﬁber and
to control t | - k i '
Further i ncl GAE R aE iR BR RSB & B nsiin e pETRly i R
catal yst parsytenesudhastthereactoronedestrgtohopper to be transferred to other

parts of the reaction syste such as taﬁ react or or_ regenerator._ [0058]
Figures 5 - 4083w cal chigwced wat showptalRiated waier wfake yalrey dor caahst cl es

s 5 - 40 _ ; _
rventon and Bt SRR TEDRR el RIRLRE oF (ORERE ERcPREr Rtlchiph o W,

catal yst panhveltiea dndasstepaatvd exmnpied. yRigure 5 stetvs(Wabenmille Hackilysnt 0 a
regenerator via_an e-cat or other internedjate hqopper. The two data |ines
show t he wat darticden asiered from nokmagrined{Yaleron) sacks/niost EsgeRtales ivily2m fi xed

f1ow of f1ui gt O Haehledlyl BidpdN Thedah HatlindAhbhhe Sestr ABRIR b2

according tot I nventi on, ses a gas ow conpar I'n anmount to
the vol ume ofthe aitalygiSparticles gasfepredtusing 4 ficedcllow af fleidizatibugad @.1 fie) wad er
per neabl e nature of the polyner lined sack, the catalyst particles, show a

m ni num | evelcalyshanagticleohttsiradnarsprting i thiy mvRRNGN, JHFk uses o gas low
e v SHPARARE SR BRI SR B W et
exanpl e. [ 00594 toFthg watereahenbde natreroftid pddgmEplinaladask Whe cpalyit warddes
transferred from a pressurized netal contajner into a regael;]S%ératgces\éi a an
e-cat or ot héhomMnadppaguey ievel of water content independent of the p .
However, the transfer process according to the invention still demonstrates an
improvement over the water content of the process in the comparative example.
[0059] Figure 6 shows water uptake for catalyst particles transferred from
a pressurized metal container into a regenerator via an e-cat or other intermediate
hopper. The two data lines show the difference in water content for catalyst
particles transferred according to the claimed invention (lower data line) and a
comparative example (upper data line). Because the pressurized metal container
is not permeable to water, the catalyst particles can potentially have a lower water
content. As a result, the catalyst particles are more sensitive to differences present
in the transfer process. This increased sensitivity can be seen in Figure 6, where
the transfer process of the claimed invention leads to reduced water content on
catalyst particles as compared with the comparative example.
[0060} Figures 7 and 8 show water uptake for catalyst particles that are

maintained in an intermediate hopper during the course of being transferred from

a storage container to a reaction system such as a regenerator. Figure 7 once again



hopper. The two data |ines show the difference in water content for catalyst
particles transferred according to the clained invention (lower data |ine)
and a coppab@dsye7exanpl e (upper data |ine). Because thpcpisfsiisgs netal
container is not perneable to water, the catalyst particles can potentially
have a | ower water content. As a result, the catalyst particles are nore
sensitive to differences present in thé transfer process. This increased
sensitivity can be seen in Figure 6, where the transfer process of the
clainmed invention | eads to reduced water content on catalyst particles as
conpar ed wi t $howtsethe ovaperr untiakeefos xatapyiseparfiolgs at Freye irgtially stocedgingiodymerat er

uptake for c S articles that ar intain an i nternedi e hopper
during the cﬁﬁ‘%sgaﬁff T g bEg Fq]%egl %n%ﬁ]mtgng?ﬁg?tg PO6ht iﬁ?\é‘?’ot

reacti on sysfigm ﬁﬁfééelﬁstrﬁ'lsfé?%ﬂ&rs?és%at ézﬁﬁf“hﬁﬂdeo&‘@@ns@&ﬁ'a‘&ra\@Qn?fQQJ@/er 52677
PCT/ US2001/ 039830 -15 shows ‘the water uptake for catalyst particles that

were initialthe stemediate }mppyrgm arl japration aftdws cplﬂyoiunm bransfgr wpenatiansned i n

t he i ntermedi at e..hoppe, ﬁ_kwo dat a I|n pr esent hran fer rocesses
that either PFfOFdiRg* lé%ﬁ]ﬁrﬁ mygRig- oﬁsfqe pepﬂgalp PP EEi B Hopper ,
or an aerati gped éaeleé fk@hl)fs Hl%ﬁenﬁer@oafo%a@@%a{gﬁe&maﬁﬁf{}s&rﬂa {0 the

clai med i nvention. before, the perneability of the polyner 1ined sacks

results in alledpli ne Feguat ®ishows dhe beiterguppales dot catalysheapiidsi thhegre [ 0061]
Fi gure 8 shows the water, t ak r. catal articles that are stored in
pressurized Pered) 1“&’6‘???‘&???& ety ?‘H‘? 2pgs BEP%%’ ‘Hﬁ%{n&m@aﬁw YHIDTIEERE at e
hopper. As i ur el n t

particles Hoﬁﬂe?er‘gse g&}r d?\rll\gl%tlg%ﬁedla{g g?%gﬁ?ﬁﬁgﬁ?ﬁ%n&t%?de“ﬁ?

particles rran'ansﬁ'ermaﬂawmrdmgeo ithret elnimeeddi iaventivoppiiereathe pantiglesmaosaded m an

aeration ro durlng cat st article transfer. The per data |}
corresponds # H'é%ra}egtﬁte%& ?rc?‘gso%liﬁtﬁx@e?eé‘dtot Bl 2¢TatioRs g t AFER L SJ‘f | ow

prior to tra §1fn€fe tréﬁ'sfer('\)/?h@%gb&r ecu d?i‘é%ﬂ)c\ﬂd%% k%ﬁ%ﬂ p&]@leg@ﬁlﬂ&qecf

measuri ng de ctivation ar sieve In IS 1 nventl nls
det er mi ni ng acomdtaityeratioadlowptior to rdesferf CAl ). The CAl  provides a rreasure of

cat al yst deacgtivation 32 a I’eSlélJt Rf .cgt al yst exposure tenperature,
rel ati ve wat &/ pressur a ct time working in concert to
deactivate t M‘ngt al yStOneTﬁ’Mﬁmdfof m%éﬁmﬁ' CicallivAHIMOLF tﬁe'r&&e&elg&aélisb’eeiﬂ"’at er

pressure |y causes | ess catal yst deactl vation ative water

pressures rrayhlk)anventlon is by determining a catalytic activity index (CAI) The CAI
provides a measure of catalyst deactivation as a result of catalyst exposure
temperature, relative water pressure, and water contact time working in concert to
deactivate the catalyst. Thus, for example, although a low relative water pressure
generally causes less catalyst deactivation, higher relative water pressures may be
mitigated by limiting the contact time or controlling the catalyst exposure
temperature. The CAI formula of this invention fully describes allowable
combinations of time, temperature and relative water pressure to limit catalyst
deactivation to specified values.
[0063] The catalytic activity index of this invention is defined as the actual
catalytic activity at time of measurement divided by the maximum catalytic
activity (before any deactivation occurs). In this regard, the CAI would be O for a
completely deactivated catalyst, and 1 for a catalyst having maximum catalytic

activity.



mtigated by limting the contact time or controlling the catal yst exposure
t enper at Ugg.20ddA262A! formula of this invention fully despéflggﬁm%g]ggwabl e
conbi nations of tinme, tenperature and relative water pressure to lImt

.catal yst deactivation to specified values. [0063] The catalytic activity
index of this invention is defined as t-He-actual catalytic activity at tine
of neasurenent divided by the maxi mumcatalytic activity (before any
deactivation occurs). In this regard, the CAl would be 0 for a conpletely
deactivated {o06d}yst, dhed chtdigtic actbadtyalndst (GAV) isgealedatat meeaddaigytol the
activity. WD _ 2006/ 052677 PCT/US2005/039830 -19 [0064] The catalytic
~activity i nd&lloxtiag pqyadiopg) cul at ed according to the follow ng equation. CAl

= exp(J(T) * f(PPwater)a * alkpha_ * rei =t of contact of
catal yst with water (hours)éA%)' iexpg@eﬁm‘f“ﬁbﬁ Slgg%%ggf (C PPwater
.Partial Pressure @fheydter in contact gas (psia) alpha =-0.071 n =
= exp(ea(l /(T + 273).-1/1(T+ 273%)) ea = -5500K T = 200C f (PPwater)
* PPwat er/ Psat + 1=1dje of @niarbol ¢ajalyst wigowatengorys) f (PPwater) = ((26.2
0.272 * (180 - T)).*, PPwater/Psat + 4) * 0.175, for 180C (453K) > T ?
150C (433K) Psat )T:_ggmﬂ%ec%cﬁ?t&%ts@% of water at T (psia). [0065]
Preferably, any g@?wjmlrQ\ﬁnm%sgﬁ}etdfmr%cgﬁﬁﬁlgﬁ§(psgﬁrti cles into and from
a reaction systemare injected under conditions that do not significantly
deactivat e t he cawlihwst-0.0%lef erably, the one or nmore gas flows are injected
into the system a_ng the catalyst is maintained in the system at
condi ti ons effectVe {50 mai ntain a catalytic activity index (CAl) at a
predet erm ned | evelr) A& (IAE+ zqg? alygt,+i2g3pptal ytically effective to

[ duc

canvert feed to desi'red end product.
ea =-5500°K

T, =200°C
SPPuater) = (26.2 # PPyper/Poy + 1.14) * 0.175, for T > 180°C (453°K)
FPPoater) = ((26.2 + 0.272 * (180 = T)) * PPyyer/Pear + 1.14) * 0.175,

for 180°C (453°K) > T 2 150°C (433°%K)

I w Il

.5 J(T)
(26. 2
+

P = Saturation pressure of water at T (psia).

[0065] Preferably, any gas flows used to transfer catalyst particles into and
from a reaction system are injected under conditions that do not significantly
deactivate the catalyst. Preferably, the one or more gas flows are injected into the
system, and the catalyst is maintained in the system, at conditions effective to
maintain a catalytic activity index (CAI) at a predetermined level, where the
catalyst is catalytically effective to convert feed to desired end product.
Preferably the one or more gas flows are injected into the systemn and the catalyst
is maintained in the reaction system at conditions effective to maintain a catalytic
activity index of at least 0.7. More preferably, the gas flows are injected into the
system and the catalyst is maintained in the reaction system at conditions effective
to maintain a catalytic activity index of at least 0.8, and most preferably a catalytic
activity index of at least 0.9.

[0066] Adsorption of water by activated molecular sieve can occur in
situations where the catalyst is contained in the system at a temperature lower than
water critical temperature and the system contains at least a measurable amount of

water, i.e., a condition in which the sysiem is not considered completely dry. In



Preferably the one or nore gas flows are injected into the systemand the
catalyst is nmaintained in the reaction systemat conditions effective to

mai nt ai n \QO%B(%%XH?C activity index of at |east 0.7. Nbﬁ@T/%%ﬁﬁL%?ﬂ%&" t he

gas flows are injected into the systemand the catalyst Ts naintdai ned in
the reaction systemat conditions effective to maintain a catalytic
activity index of at least 0.8, and nost20preferably a catalytic activity

i ndex of at least 0.9. [0066] Adsorption of water by activated nol ecul ar
sieve can occur in situations where the catalyst is contained in the system

at a tenper abtdeftd exEBilateltBe Caviliies Activity balex tforpaaghiusRtiaes théedistfeem
contains at |east a neasurable anmount of water, i.e., a condition in which

the system i goment eothsi grertael catakpt argliglesdpip. eXRessiDIQ oaB bose@TgEsed as a
PCT/ US2005/ OB?Qﬁgegvét%r?Pergsrr;gFérra[h%rﬁ?alncaglaatfe% é)cﬁﬁt Catal ytic Activity Index for

cat al yst parﬁ o I'sture content he gas the catalyst particles

are exposed [gD6IRN be ®epitivs Sededpredsure €PAtin gs Wi pitioR e SeHh&l habhgal t han as
a dew point. [0067] Relative water pressure (P,) in this invention is

defined as apaitial pregsare pfathe prater {BPexcofdiviHed hiasatnratedpyateepiessiire (Righatisy

saturated water pressure (P at._. i rature bel ow.the critical
enperat ur o ehenarapore bR Ing brifn SeitBRbETRE Pt 2 TRE IS Gyt

wet ness of t Besanyiig @igRbrel of i winéRofabt ieHdlr@finer10h QFMERThS h&WRALddS
contacted with the gas. For exanple, a Pr = 1 neans 100% water saturation,

and a Pr = Omvdesniar tsieve is ientgeted ovitle the gasnnBer eXasnperpPetel ynedny 100%0068] | n
this inventign, relative \gatlﬁrzd?ressu e ﬁ’f the reaction system
er &

r , the
transfer gaswfa_f%}ﬁfm B UVAS| Giens Hha Hig aas, g %rﬁﬂlroggjﬁnpa?r%’@pllertgl%d@%ry | ow,
i.e., low hpsged]ty comgiit aientib® @laviab wait@prdssufddfiha resbilvatsgstemondi ti ons.
For exanple, at 205C, if the activated catalyst is contacted With roomair
(at 23C and the transéer gas Aowver amyrathieriges in theisystains caormge fommeryiowti.a, parti al
pressure of 0.2 Si. 71/100. * 0,41 = 0.29 wmhere 0..41 psia is the
oturat o viie PG sARES e anniiier]. fated PR bRy i fsc. ¢ ne
rel ative wat gf 2(3°€SFUhé abaeMesatdyd 3 26tacte® WO lrbbm 2R 28°E20d RETEd S the
saturation water pressure at 205C. The relative humdity of the gas at 205C

is 0.00116 *relgive-humiditgnshisair somtaingpyater 4t lapsrtial pesssurh of OdPepsiaatY 1740 hi gh
T o s L PP GRS] B9 BRI
higher the wahel &SR 022050 &hE QMR whitPple8RREBEbmes 0.29/250 = 0.00116,
where 250 psia is the saturation water pressure at 205°C. The relative humidity of
the gas at 205°C is 0.00116 * 100 = 0.116%. This example illustrates that one can
use high humidity room air as a heating medium at elevated temperature to
provide an environment having a low relative water pressure.
[0069] In general, the higher the water pressure, the greater the tendéncy
of the activated catalyst to adsorb water, given constant catalyst exposure
temperature and time of gas contact. The greater the amount of water adsorbed,
the higher the rate of catalyst deactivation. Nevertheless, by increasing
temperature or lowering time of contact, increased water pressure can be tolerated.
It is preferred, however, that gas flows in the system be at an appropriate
temperature or sufficiently dry so as to minimize adsorption of water by the
activated catalyst.
[0070] In one embodiment, one or more gas flows are injected into the
reaction system, or the gas in the reaction system is maintained, at a relative water
pressure of not greater than 0.1. In another embodiment, the feed replacement gas

1s injected into the reaction system, or the gas in the reaction system is maintained,



of the activated catal yst to adsorb water, given constant catalyst exposure
t enper at U{ﬁ%ﬁng _tiﬁe of gas contact. The greater the anount of water

adsor bed, 2 28Her the rate of catalyst deactivation. PREVSPONEIBIL, by
.increasing tenperature or lowering tinme of contact, increased water
pressure can be tolerated. It is prefergjed, however, that gas flows in the
system be at an appropriate tenperature or sufficiently dry so as to

m nimze adsorption of water by the activated catalyst. [0070] In one
erbodi ent . AL 1LAPP LRSS MGl ALERRES INNR ffer LERRLERAYSL e Of
the gas in the reaction systemi1s mithtalned, at 'a relatrve Wat er pressure
~of not great greskiramf@uot gréareralat (1001, emtiaa iysemiathdrherclatied waa peanensf gas i s
injected into the reaction system or the gas in the reaction systemis

mai nt ai ned, A Zgatsy BendA00bCT/ US2005/ 039830 -21 at a relative water

(pressure of Ry oreal erpy AR Qb 4RI REmpadeh By Ml HGMAET  Pressure of
not greater ttan 0. 001, essure of not

greater than[007a901. VIThe fkypgerahetRedcdl this Syeheom aflnafpaiasat Ryctidie

I nvention [0071] The transfer nmethods of this invention are useful in any
reacti on sysvegmt Wat inyRIBes dhe pfre of Satabyst dhatafQEprises aanyc BIbeulAE ssigysy

nol ecul ar si . ] C i B . talyti 1aVi ue to
contact wit h%ﬁgff‘%irfa&%%%@tb&? Lel[é f%)Eé)n(}-%l ?ariré I?tllénga%g}(’g#p es ?t})fcoggagﬁcﬁ%%hac\%ﬂ){%ﬂ
systenms i ncl ufiflecidact iNvh-lifiyisiee 8Rarssiee of adcl resdtiohesigtepupinetiilsi Shttigh of
catal ytic cracking reaction systens, transalkylation reaction systens,

i soneri zat i orfysteme seleeted yiome e sreun sansisting of salahiia graslingasaction| syEmsi on
reaction syst c ing ti , yst r ting
paratfins Lo SrERUiLs AR O BRsl ABmBUEhERT rendi SRl BRINR | Pems
for converti ngwakeki systens, giksibtion areactipa tsypmmb Ohydrooraekihj Tgactioh &fyktems] O
distillate, systens for converting olefins to tubes, systens for_converting

al cohol s to dVeEsmAJOr §PRYATHRS DAY foopletipa PSS SIPE caRYerting paeating i
. . . o Sy . .
cyetens for SSRGS Syl B0 Top SR it R BheRe) el T LORBAT! | O3

converting oiyfrnadasiliat, gystend o0 bohve}tigoolefimmdtiubss, sByahei chrerting
ol i goneri zing_ olefins, and _systens for converting unsaturated hydrocarbons
to al dehydes.3lophpls topelefing.carproportignaiongagHimesysiares, gyeems for converting

aromatics to higher aromatics, systems for adsorbing aromatics, systems for

converting oxygenates (e.g., alcohols) to olefins, systems for converting
oxygenates (e.g., alcohols) to aromatics, systems for oligomerizing olefins, and
systems for converting unsaturated hydrocarbons to aldehydes. More specifically,
such examples include:

[0072] A) The catalytic cracking of a naphtha feed to produce light
olefins. Typical reaction conditions include from about 500°C to about 750°C,
pressures of subatmospheric or atmospheric, generally ranging up to about 10
atmospheres (gauge) and residence time (time of contact of feed and/or product
with catalyst) from about 10 milliseconds to about 10 seconds;

[0073] B) The catalytic cracking of high molecular weight
hydrocarbons to lower weight hydrocarbons. Typical reaction conditions for
catalytic cracking include temperatures of from about 400°C to about 700°C,
pressures of from about 0.1 atmosphere (bar) to about 30 atmospheres, and weight
hourly space velocities of from about 0.1 hr' to about 100 hr'';

[0074] C) The transalkylation of aromatic hydrocarbons in the

presence of polyalkylaromatic hydrocarbons. Typical reaction conditions include



[0072] A) The catal ytic cracking of a naphtha feed to produce |ight
ol efins. Typical reaction conditions include fromabout 500C to about 750C,

pressures_of spheric or atnospheric, generally rangi up to about 10
at mspherg@@é‘gﬁggmand residence tine (tinme of contact gg&ﬂ%@‘ﬂﬂ@rﬁf%r
product wth catalyst) fromabout 10-m|liseconds to about 10 seconds;
[0073] B) The catal ytic cracking of hige2nol ecul ar wei ght hydrocarbons to

| ower wei ght hydrocarbons. Typical reaction conditions for catalytic
cracking include tenperatures of from about 400C to about 700C, pressures

of from abouty @rbeAabiRYINREA Atk )2000C 4@%%1113@0@%9%%&5 ,ofaﬁ’&n%oﬁht
hourly space vel ocities of from about 1 hf1 to about 100 hr-'; [0074] C©

The transal kyttmmapbm@to ab@rtBZQOCatnypr@asr, owsighh howdy spaceseeiedtyodf from

pol yal kyl aro plro rbo Typi reactio ondij t | ude. WD
2006/ 052677 uls% 2@01“ ?‘bﬁb"é’?%ﬁc ﬂ%&‘SFMFP’&/ORP@B@‘me%b@ to
about  500C, Hfo%%aﬁﬁméraftro%pfﬁﬁﬂ%outqvwaf1671t0 about 200 atnospheres,
a wei ght ourP’y space velocity of from about 1 hf' to about 100 hf', and an

aromati ¢ hyd®&%] bon/ pcD)yaI KEHea issnmedrizatiothyaft emandtion (evgl, exylelma)ofauﬂstbclom about
1/1 to about 16/1; soner tion, af aromatic ene
foedstonk e RRBRRS  TIEIs oL IS S G aRe A epRreRine P s
tenperature %oﬁtrz%"c aPAYut 336¥€, ta:}) &Q%%f%%b&t@ﬁ%sﬁ%ée?@s forfgueqput 0.5

at nospheres to about 50 at nospheres, a wei ght hourly sp velocity of from
about 0.1 hr -atmbsphatesus wa(gﬁt hblzly apdcen vblpdity geinfromd pbmar Bdihr b eaboat | 0 of

from about Ot pou 076 he cat ti ¢ dewaxing of

hydr ocar bons 28 1€ o128 PlJ}\)’ e‘%ﬁﬁf%“ﬂ%ﬁ?ﬁmo%ﬁgﬁ%%ﬁq AEt 10E 1 eacti on
condi tions ar pende in ag t he ¢
desi red pour [goﬂﬁt Tyg)cal #lgc;gtﬁﬁalgﬁi% con%(ln??o&nfgﬁ %@%%ggﬁi%tygr@r%g?{g{é

bet ween aboutreid6dfg atrahglisc'l@,m gaqatﬁms UFkee redctionrondit®ne@fe gepegdam dn darge qU| d
hourly space vel ocit | ati on of

f. . . al
aromatic hydm3@as ? d usr?él i Blg‘g{hﬁ’o E?WFI%Z&%Q ]ihﬁg‘tcg]e ‘%F%%%nce of
an al kyl ati el Bhs m% &gﬁzfe!r e Bl SRRy %0%{ ghé kol d plessudldr

al cohol s havi ng to a out 2 on atons. Typica react i on condl ti1ons
i ncl ude a terqpetoé;(]ﬂ)ﬂ@sngmﬁrﬂmmdbhuurlﬁmUcioaxlby)ﬁbnﬁ@ﬂ)(ﬁx mmhlssure of from

about - at n‘osphsr i to a%ut aﬁfqrﬁ?\ gl?g{: aromatlc\fgdgryarb%%grég 85 a%ﬁe and
alkylbenzenes, in the presence of an alkylating agent, e.g., olefins, formaldehyde,
alkyl halides and alcohols having 1 to about 20 carbon atoms. Typical reaction
conditions include a temperature of from about 100°C to about 500°C, a pressure
of from about atmospheric to about 200 atmospheres, a weight hourly space
velocity of from about 1hr' to about 100hr', and an aromatic
hydrocarbon/alkylating agent mole ratio of from about 1/1 to about 20/1;
[0078] G) The alkylation of aromatic hydrocarbons, e.g., benzene,
with long chain olefins, e.g., Ci4 olefin. Typical reaction conditions include a
temperature of from about 50°C to about 200°C, a pressure of from about
atmospheric to about 200 atmospheres, a weight hourly space velocity of from
about 2 hr’ to about 2000 hr'!, and an aromatic hydrocarbon/olefin mole ratio of
from about 1/1 to about 20/1. The resulting products from the reaction are long
chain alkyl aromatics, which when subsequently sulfonated have particular
application as synthetic detergents;
[0079] H) The alkylation of aromatic hydrocarbons with light olefins
to provide short chain alkyl aromatic compounds, e.g., the alkylation of benzene

with propylene to provide cumene. Typical reaction conditions include a



velocity of fromabout 1 hf' to about 100 hr', and an aromatic

hydr ocar {841 Ng agent nole ratio of from about 1/ /1

[ 0078] G?@ hngég%l%ﬁﬂati on of aromatic hydrocarbons, e.g., @ﬁ%@ﬁég@s%pth | ong
.chain olefins, e.g., C 4 olefin. Typical reaction conditions include a
tenperature of from about 50C to about 200C, a pressure of from about

at nospheric to about 200 atnospheres, a weight hourly space velocity of from
about 2 hf' to about 2000 hf', and an aromatic hydrocarbon/olefin nole ratio
of  from abotgmpdritui® opltew aB&lit11.0°The abesuP00°0g apreduct 6f Fbmmdohe 1r@acti on
are long chain al kyl aromatics, which when subsequently sul fonated have
_particular  appwtid0adtmesphesess ppd Al eTognadisthydgpeatoon yagitdioudy spere valagiyat i on of
aromati c hydr i tihy, i l.gfhims to provide short chain al kyl
aromatic co gﬁﬁ%\gf&zﬁé&,l hetggﬁ?(lglsgthl!ro’n of benzene wth propylene to
. provi de cunenggso]ypi call)r eactlicOnydioateitihg s Heaey peroleuMGed@R6d85 2ol

PCT/ US2005/ 039830 -23 tenperature of from about 10C to about 200C, a
pressure of ftoslks smdpther hydrocsask sharge stacks s phe eatalystanidl eontain engffeetive

hydr ocar bon i ah rl v ' V) of from1l hr-1 to about 50
hr-1; [0080] \gﬁ'&&?&%ﬁﬁge r%%‘?@@ﬁd?%e?%‘?%‘té%%““\ég?r ol eum f eedst ocks, cyclic
stocks, and qotsa] hydr agr ackTiehailggatsdmo CiS .a -E’eﬁ)rﬁlateabbﬁfaixﬂﬁ%'sﬂb@f&ﬁhln an
effective anount of at |east one hydrogenation conponent; [00811 J) The

al kyl ati on ofquantitifsopinbenzeno ppditploply vithsfughepalcontgining shareshan definsene and

t ol uene with fuel cont.ai ni hor Ln ol ef| -(£.10... ethyl e and
pr opyl ene) tée‘gl‘ofc’}gglsgn?maﬁ _plggglga%aﬁ(;)rcgc{ﬁggm%}%f érpcfé%é H%F]gtg%t i %1}?\{%3@& tions
i ncl ude t enpeeatidhesontitivis dhelulle 18RAferiRrabibi ARRE 100°C p6 evsuy 25®C, fa om
about 100 psig to about 800 psllf)g a WHSV-ol efin fromabout 0.4 hi' to about

0.8 hr-', a \wESvrectofiam: ®ogt P9 pmgatoorhout 89 Dsigo aaWEIHV-olefin fiom gheut

optionally, st regyel am q?ﬁé 3 t ut. 2. | 4yol as feed,;
[ 00821 K) Thg)"gﬁ'kyfoa%yoélrtl%o ];Jar(%ma |§/%§(§}nggea§€§81§l, gb&i&?‘?“b‘é%%%%‘ﬁa ol uene,

xyl ene, and nRARNSRRINENE a ghk kétybRTbnE Aot 107 ©fdboss 2.8 vel/volGud gat ey tO
produce al kyl ated aromati c | ube base stocks. Typical reaction conditions

include teni@®lures fEbm abBesurlkyitiont of ammaticabpizoeatbonss eszuberzeneom about
50 psig to 4(?1(1)161[1363,'%lene, and naphthalene, with long chain olefins, e.g., Ci4 olefin, to

produce alkylated aromatic lube base stocks. Typical reaction conditions include
temperatures from about 100°C to about 400°C and pressures from about 50 psig
to 450 psig;

[0083] L) The alkylation of phenols with olefins or equivalent
alcohols to provide long chain alky! phenols. Typical reaction conditions include
temperatures from about 100°C to about 250°C, pressures from about 1 to 300 psig
and total WHSV of from about 2 hr”' to about 10 hr™’;

[0084) M) The conversion of light paraffins to olefins and/or
aromatics. Typical reaction conditions include temperatures from about 425°C to
about 760°C and pressures from about 10 psig to about 2000 psig;

[0085] N ~The conversion of light olefins to gasoline, distillate and
lube range hydrocarbons, Typical reaction conditions include temperatures of
from about 175°C to about 375°C, and a pressure of from about 100 psig to about
2000 psig;

[0086] 0) Two-stage hydrocracking for upgrading hydrocarbon
streams having initial boiling points above about 200°C to premium distillate and

gasoline boiling range products or as feed to further fuels or chemicals processing



100831 L) The al kylation of phenols with ol efins or equivalent alcohols to
provi de | ong chain al kyl phenols. Typical reaction conditions include

t enper at U@sS0bépsPout 100C to about 250C, pressures frg %\/; 300
psig and total WHSV of fromabout 2 hr 1 to about 10 hr?rﬁ%gwgﬁ' g The

conversion of light paraffins to olefins and/or aromatics. Typical reaction
conditions include tenperatures from abddt 425C to about 760C and pressures
from about 10 psig to about 2000 psig; 100851 N) The conversion of |ight
olefins to gasoline, distillate and |ube range hydrocarbons. Typical

reaction congieps.olithenstapelof tienperaigy estept cad commiabotdlyst 7 dGidhoconbaing 375C,
and a pressure of from about 100 psig to ahout 2000 psig; [00861 Q)
Two- st age hy 8Jequasiqieyg thalris apssenthla i ipa 0 catabbis ackyite due theamta Wil t i al

boi I i ng poi n%t&%&l%c@?@ uﬁ’}{égﬁgﬁcﬁoﬁ rcﬁﬂal]'t’i%éjln%idﬁilelt%g?rgﬂg?s gfaﬁ'gr!nia %Oi ling

range products or as t1eéed her el's of chem¢c¢ ocessing

2006/ 052677 BC3ICS24KYut A39E3Pressitds of fpsm atout Hed tssrme 2900 pbig, hy@ogémge
system can contain catal yst, which contains nolecular sieve that Is

I
suscept i bl e_eicplaten of frm abpui L0CBCTIBY) toabovlol G8H SEF/bhlt and adigid
nol ecul es. Tﬁghégl?z{cg%ﬂcﬁ?ggﬁg% ?#%ﬁ@a%@ﬁ{ 6{23’611 ?OITP@ af ures of from about

315C to abou ressu 0 about 2500 psig, hydrogen

circulation ghogmom abqyt 10Q0coniBiAdin hydadedckinklddWRRingCirbédss amd tie | i qui d
hourly space vel ocit (LHSVL of fromabout 0.1 hr 1 to 10 hr-1; 100871 P) A
conbi nati on Ipyesents alck calghgkthak Fenjaips sedeenlarrsievsethatoissiserpéiblsf togloemphl yst

t hat contai ns |l ecul.ar, sieve that . is..susceptible to .0ss 0 catalytic
activity due cftgi)%lcgn?célc‘:’ tyvﬁil’teh%m%?ng%d r%llt%&ﬁq%sﬁm%ﬁge%at@?ey_g?ta{i'éhgf’%ﬁr?]i{”
further conpriges campyidéCOIRPRbEDALGOORAPETENt. OptibNy ihdulieTinide datalyst he
catalyst is zeolite nolecular sieve such as zeolite Beta. Typical reaction
condi ti ons i attendiée mplegplar sieve sshiap genlip Sgta. 5Pl rasharucondgims intluds ur es

from about 1400 psig t about Si Vs from.aboyt r.1.to about
0.6 hri and iparisgesfors ABEHasbRo ARRab G Presoh B bRl 1 e e oo
[00881 Q Thegbs@acsopsigf LEISSRN®bE Mo 00 Bf'i 1S abdut O Wi Uandi XBedrogédier s,
e.g., the reaction of nethanol w th isobutene and/or isopentene to provide

met hyl - t - but gircelatien frommaent 304 te abeut39P0 SKBYPBlI et her (TAME). Typi cal

[0088] Q) The reaction of alcohols with olefins to provide mixed
ethers, e.g., the reaction of methanol with isobutene and/or isopentene to provide
methyl-t-butyl ether (MTBE) and/or t-amyl methyl ether (TAME). Typical
conversion conditions include temperatures from about 20°C to about 200°C,
pressures from 2 to about 200 atm, WHSV (gram-olefin per hour gram-zeolite)
from about 0.1 hr' to about 200 hr'! and an alcohol to olefin molar feed ratio from
about 0.1/1 to about 5/1,

[0089] R) The disproportionation of aromatics, e.g., the
disproportionation toluene to make benzene and paraxylene. Typical reaction
conditions include a temperature of from about 200°C to about 760°C, a pressure
of from about atmospheric to about 60 atmosphere (bar), and a WHSV of from
about 0.1 hr' to about 30 hr'’;

[0090] S) The conversion of naphtha (e.g., C¢-Cio) and similar
mixtures to highly aromatic mixtures. Thus, normal and slightly branched chained
hydrocarbons, preferably having a boiling range above about 40°C, and less than
about 200°C, can be converted to products having a substantially higher octane
aromatics content by contacting the hydrocarbon feed with a molecular sieve

catalyst at a temperature of from about 400°C to 600°C, preferably from about



conversion conditions include tenperatures from about 20C to about 200C,
pressures about 200 atm WHSV (gramol efin per L olite)
from abouw‘dﬂq& ﬁszlg?f to about 200 hrl and an al cohol to orE?H]rSZ& ﬁ%gfeed
ratio from about 0.1/1 to about 5/1; [0089] R) The di sproportionation of
aromatics, e.g., the disproportionationstol uene to make benzene and

paraxyl ene. Typical reaction conditions include a tenperature of from about
200C to about 760C, a pressure of from about atnospheric to about 60

at mosphere (B809C t@R¥o@d WY, ef fersgms abmtn Qimdodphede @ 48004+ 2D lifhid1;

10090] S) The conversion of na thaﬁé CF Cl0) ,and simlar mxtures to
“highl'y ar omatioerlyrspacemvelocitien (6HS Wy pfEpmdh g toght iy br anched chai ned

hydr ocar bons, ferabl.y ha ng Qi:lin about a d | ess
than about ig@r? can k;'é co\rlllL § tag%m})%émb (%dﬁ@tyg §’3]i%ﬁg %or%%gmégnflr y hi gher
.octane  ar OMgijgose 6P HpAAKInE Wafi Ol ia6h bl G f e oRyfbuAgAr bOﬂ feed with a

nol ecul ar srgvgﬁ%cat al yst gt a tenperature o?@rom about 400C to 600C,

preferably fe#f2dbout W) 20661%591@%1&%&@2@@%@&98& al@bokgouch tas about

550C, at pressures.of from at sp 40 bar hou space
vel ocities (L O&forf?thﬂf’osuf (5]1 tb £ oL nflﬁ%gaf ?I)eo ﬁégﬁ‘ty {B?I{on of
al kyl aromat Iiﬁcmﬁg%wm ah@bronkifics wlmoﬁkoﬁﬁﬂaﬁ@hbmm@t@h@%tdrmrS of
t he conpounds; [0092 The conversi on of oxyfgenat es, e.g., alcohols, such

as met hanol ,frome abotnte%S“Cst@cabcm @D%tma;sgreh from a:bom&@sahnb@hemftot 0

hydr ocar bons ing .olefin romgtics W|th r tion co ions

i ncl udi ng teﬁﬁgﬁécﬂﬁg@%ﬁﬂ% %qi?iingaufh%lgép?@ \éq;%%}y% prd (gﬁlre Oof from
about 0.5 atnpsghejayt'o about 50 atnospheres, and a |iquid hourly space
vel ocity of fromabout’ 0.1 hf' to about 100 hr'; [0093] V) The

ol i goneri zat i|60P3f st raV)ght THredoligoamarizetiorc bibstrai ghtednidrigrandhed ichginfolemsabout 2
to about 5 c bon The, oligoners.which are_ the. products, of fthe
process are ? t @%‘?qﬁg"e\ﬁfﬁbeﬁ "g S.u &lgcgﬁlerﬁdidi"}sh % i.e.
gasol i ne or r&ﬁﬁ@y bf‘ﬁxe bl,B8REkk i SR (8 M RNERR Whic B u Ukl HBFBRInZAt i O
process is generally carrled out by contacti'ng the olefin feedstock in a

gaseous st at duglhade.,wigasvlime mot ex ugwpling ehlending astpslt, and achemmpas.at UFle i n t he

oligomerization process is generally carried out by contacting the olefin feedstock
in a gaseous state phase with a molecular sieve catalyst at a temperature in the
range of from about 250°C to about 800°C, a LHSV of from about 0.2 hr! to about
50 hr', and a hydrocarbon partial pressure of from about 0.1 to about 50
atmospheres. Temperatures below about 250°C may be used to oligomerize the
feedstock when the feedstock is in the liquid phase when contacting the coated
zeolite catalyst. Thus, when the olefin feedstock contacts the catalyst in the liquid
phase, temperatures of from about 10°C to about 250°C may be used;

[0094) W)  The conversion of C; unsaturated hydrocarbons (ethylene
and/or acetylene) to aliphatic Cg.12 aldehydes and converting said aldehydes to the
corresponding Cg.12 alcohols, acids, or esters.

[0095] In general, the, catalytic conversion conditions over the molecular
sieve catalyst include a temperature of from about 100°C to about 760°C, a
pressure of from about 0.1 atmosphere (bar) to about 200 atmospheres (bar), a
weight hourly space velocity of from about 0.08 hr'! to about 2,000 hr™'.

[0096] The catalyst transfer methods of this invention are particularly
suited to large, commercial scale reaction systems. For example, the transfer

methods of this invention are particularly suited to reaction systems that require a



range of from about 250C to about 800C, a LHSV of fromabout 0.2 hr-1to
about 501hf', and a hydrocarbon partial pressure of fromabout 0.1 to about

50 at nosRbeheSes2denper at ures bel ow about 250C may be usggrhR@shSR3E! 1 Z€
the feedstock when the feedstock is in the |liquid phase when contacting the

coated zeolite catalyst. Thus, when the olefin feedstock contacts the
catalyst in the liquid phase, tenperatu®es of from about 10C to about 250C
may be used; [0094] W The conversion of C2 unsaturated hydrocarbons

(ethyl ene and/or acetylene) to aliphatic C6_12 al dehydes and converting
sai d al dehydestalyst tdadingoadrat dsgab abiowigl,080 kg of| catdlydt shasad iodstptabmmesnieos .

[ 0095] In general, the, .catglyti,c conversion conditions over the |, ecul ar
si eve cat al yg?taﬁ’ﬁklloﬁgéd @P‘éﬁiﬁ’é& QTEJF%&’@P SYFiEmy j—B@&Flcﬂg‘é@? H%ﬁ&m%@ﬁq a
pressure of - S0 r (bar),
a weight hoft?lrftaglﬁ ?g%g{é‘“gé\%oci ty gl;w%?%ér%bgb%ﬁtgg. 8 Eﬁg%ﬂ%{ﬁé@%?@%&%‘b hf ' .

[ 0096] The casaingsaf 4t deastdbeut d80A0dg obfcatahist more @atticolarlyracapaydt loadimg | y

ited to | , i al I ti t .. F le, .th
Cransfer  mechateasabH W0 4D FATtye HErRo ReaRjEriA ¢aalyRdoAEBEF on
t t hat i P 0 t
%Zd?nng of aata{ F%gﬂs%%gg()z\égogg%g{)%éﬁ%; St(’: g{ %IH%? ?&éla%gﬁﬁg noﬁ%‘t@aé?&éﬁéoﬁuﬁ of

cat al yst | ocaliredglidut tiegbaationtslystemeacti on system |In particular, the transfer
met hods of this inventjon are parti] culgr_l X}tp'[sui ted to reaction syﬁ?ms t hat
an 1

require a catl®%dt | oddierfgtalystdhat isdise Tepgligry Bysken deed BoLPS LY nor e

particularly cﬁm@ﬁgﬁ I rdo‘i’&qfd?%%evgfth tig lsﬁ&?ﬁtilﬁai@?(?’ios;g?c%gg?ig%gg\f’i&égﬁfl yst,

and nost partic y a catalyst loading o east a g of
catal yst, basedomtact withlwaennmiecofescdTlad yatalystonadedbntdil oaligmo amobheof eact'i on

system [0097] The catalyst that is used in the reactjon system need not be
fully conprisigy elegilar Figrs that Qaéwﬁmaffcqt% the deaised predic a?%s Eer

catal ytic act.lyil t '&]Ql. tal need
contain only eg%hg%b%tg n%%&bggﬁél?foﬁhgcé&fbw g?%dvgptlﬁ;%% cérl {e}@/ agfl %%{ct s the
desired produbbutsl ot & ofFamolexdampidieve that onsisespinibil weloks of batalydt atyreity used in

the system conprises at |least about | w %of a | ecul ar, sieve.that is
suscepti bl e tdye|tgstongct aﬁﬁwﬁqrcmafw%t Based; gm0 E%aq[c)WﬁSQ‘cPf wrtahyshar dhe

o hes: A U R oR pE el oty pla @ride
about 5 wt % of a molecular sieve that is susceptible to loss of catalytic activity
due to contact with water molecules, based on total weight of catalyst in the
system; in another embodiment at least about 10 wt %, based on total weight of
catalyst in the system.

[0098] The liquid feed that is flowed to the reaction system in operation is
any conventional hydrocarbon feed that is appropriate to the particular unit. Non-
limiting examples of such feed includes hydrocarbon oils such as kerosenes,
naphthas, diesels, light or heavy gas oils, vacuum distillates or residua, light cycle
oils, heavy cycle oils; aromatics such as benzenes, xylenes, toluenes,
naphthalenes; and alcohols, including monoalcohols or polyols, particularly C,;-
C10 monoalcohols (especially methanol, ethanol and propanol) and Cs-Cyo polyols.
[0099} The catalyst used in the system can be of any conventional shape or
size, including, but not limited to, those catalyst types made by spray drying,
pelletizing, extrusion, and any of various conventional sphere-making techniques.
The molecular sieve contained in the catalyst can be incorporated into each

catalyst particle or catalyst particles containing the molecular sieve can be

admixed with other catalyst particles that do not contain molecular sieve.



about 5 wt % of a nolecular sieve that is susceptible to |loss of catalytic

activity wiifibgsgpntact with water nol ecul es, based on betas 0d8l0Sdae OF
catalyst in the system in another enbodi ment at |east about 10 wt %A; based

-on total weight of catalyst in the system [0098] The liquid feed that is
flowed to the reaction systemin operati¥n is any conventional hydrocarbon
feed that is appropriate to the particular unit. Non- limting exanples of
such feed includes hydrocarbon oils such as kerosenes, naphthas, diesels,
i ght or hea01@ds oi | sTheaeaniondiegterhd ahats corpasiediizs procgssesc €| this oi | s,
heavy cycle qils;. aromatics such as henzepes, xyl enes, 'tol uenes,

_napht hal enes %08 OB} g,n.eqcﬁc&% n@f’tﬁﬂﬂﬁg&l %H%?CSIOB,S}’%}BTW&P@PI%QYQ Pul arly
Cl. &0 monogh&eNeldol GRIRECTA khoiF ANk HELAABALs GNPLrRIPANAl lindlith C3- CLO

polyols. [0099] The catalyst used in the systemcan be of any convénti onal
. shape or si zeampleslofdeargion Bystemswhidhnianéae shot devmw secocdinglia titis inveatsormade by

spray drying,. | letizjng, extrusion, and, any of various cqnventj onal
spher e- maki ndnqlg‘gfhﬁlﬁﬂﬁ?eb‘?‘g TeACHOR Y HEmP-a X%q EG% r%ﬂf’ﬁisﬁ(ét&msn%ﬂ‘f%“@lag%ayst can
be i ncor por atr@él:ti'oflte Sﬁ:gfs*} fadt Hhiyed bQ@VrEégﬁbﬁ tefifdl %ﬁ&ﬁétrir%zglﬁﬁt{ﬁeﬁsbed

containing the no sieve can be "adm xed with ot alyst particles
t hat do not aesttiahnsysdnes uliser shdve sysn2086] 02 6iké. PCRtalE2 ORnyvOREBAD - 27

[0100] The reactijon systens, that incorporate the processe f this
i nvention corE3tnYeEms B HATIOT YPRY P‘@rf{?F?‘S‘)?edtlﬁei%F @é@wlsﬁiéy?ﬂf@ﬁweom ai n

o or . more JERCISY. 18! b6, 6989597 (A bRei b Pridl: ! Afleriipy ol Lol

Non-limting es of reaction syst h can be shut down actor di ng
to this inverdiKunii and IQudeverspssd, Retsbrtr BEaktiegor Papditlkeing Cohipaad, Ned Ya&ct i on

systens, fluidized bed reaction systens,_ fast fluidized bed reaction
systems, cir WAy o 1 d%‘é’él "E)‘f“et?r}i l?eé%lEtﬁ“[:m inqrrpensted by geferenggct@ihesyst ens,

and the |ike. | b i [ . : e es are
Goscribed i n TaHbIRDE ERRYRERAR inclBBHEL sl MRl HERC EBenly
6, 287, 522 ( dulekcritieglein) RisanReddian dhddtaam dnhFhedPantcle Si3tents) piagesandl tdO.

Lovensel ol RODSIL © okt uily, ARLENLOG OARK NN York,, Sew YLk 1077
(oRclLon SYSUAD WIEAST LR (PR psEUuiAn SACRRGRTBIE Y e D
F. A, Zenz andAppifeatich ISepial R&. Podad, AGbfiledhMag 40208 &hiltiple Neav réactior),
which references are all herein fully incorporated by reference.
[0101] In a preferred embodiment, the reaction system is a fluidized bed
process or fast fluidized bed process, and the process includes a reactor system, a
regeneration system and a recovery system. The reactor system preferably is a
fluid bed reactor system, and includes a first reaction zone within one or more
riser reactor(s) and a second reaction zone within at least one disengaging vessel,
preferably comprising one or more cyclones. In one embodiment, the one or more
riser reactor(s) and disengaging vessel is contained within a single reactor vessel.
Fresh feedstock is fed to the one or more riser reactor(s) in which an activated
molecular sieve catalyst composition is introduced.
[0102] In another embodiment, the catalyst transfer processes of this
mmvention are particularly directed to reaction systems that further include a
regenerator unit.  Optionally, the reaction systems include two or more
regenerator units. The regenerator units are in connection with at least one of the
reactor units, preferably in a manner that allows catalyst to be circulated or flowed

between the reactor and regenerator.



1960, and U.S. Patent No. 6,166,282 (fast-fluidized bed reactor), and U S
Patent Application Serial No. 09/564,613 filed May 4, 2000 (rultiple riser

react or) ,wowhicthRzd76ef erences are all herein fully incorpopai/eshoeyosssser ence.
[0101] In a preferred enbodi nent, the reaction systemis a fluidized bed
process or fast fluidized bed process, and the process includes a reactor
system a regeneration systemand a reddvery system The reactor system
preferably is a fluid bed reactor system and includes a first reaction
zone within one or nore riser reactor(s) and a second reaction zone wthin
at | east oneMilsengagi dypeeekiatalysior ef er abl y conpri sing one or nore

& engagi ng EOBL TS dRCRhn Tl o pR AHE e R ELof R DIGbEh iiny,

f eedstock ispffgtul® dHe MBRHAY tHIPLE shidcSHibIE @3 Wedtiivatioh MudhioClbndidt aetH vat ed
nmol ecul ar sieve catal yst conposition is introduced. [0102] In anot her

enbodi ment, watereealedules Theansleeylapsiovassbdarpincluded in thecatalyssor aatalyst

particularly directed to reaction systens, that further .include.a

r egener at or E?H?“P?esq@f? oﬂ%ﬁq@'ﬁyt ﬁﬁ.\nﬂlﬁg@qsglﬁatgyg?i(% Wﬁ@l_ﬁaéuwmhﬁp%? e
regenerat or yijléchlar el BRERFAE Rioldbitidr FratelvdrR tRAMAEAd PNOY] afld fPOkpast one
of the reactor units, preferably in a manner that allows cafalyst to be

ci rcul at ed otetfahedvel unitet suek res trhetal eomtaininga plaminephespizatesr (ANO) 2 0D6p 052677
PCT/ US2005/ 039830Q. -28.. VIl1l, Types of Catalyst [0103] The.cat that is
used in the ﬁgﬁ’ﬂglé‘%engf ﬂ%ehir%et'?lm?g'ﬁ‘glin%ﬁ%%ﬁ%ﬁi Wg’?ec edvesy ng eﬁ‘lﬁrﬁf rial
that is susceppiphgy [sq(r?df&%hy@mi Wt eht £ GRaRFhin¥phdphiRl emf@i.eﬁw es.

The nol ecul ar sieves that are included in the catalyst or catalyst mxtures
are pref er ablalterabive eroborbsyshtst e ametheds ofdhislinvationican plso geheally bewbket ul ar

' that h | ecul ar. f k. that i ncl ud 04] _and [ P04
Cetrahedral At aberteloser Hetd RRERSH S U R MOPHOD AR SR BB | n one
embodi ment, theorTEhdhiaPRlHRHIRPRRISRBADY JFILRCH @B of IRY &Y 0.9161 Meke [ A104],

[PO4] and [Si 04] tetrahedral units, such as silicoal um nophosphates (SAPO).
In alternatil0H4¢nbodi ariovs silicen,redemhousn, @hd phpsphonwdrasedmodenlan ey es

denct | vat ed B cRSBLEPRaRPta ey = Np Brts Haeee PRSabed vt JoPHABK of o. 7
or less, or %uﬁle%usgaﬁﬁﬁ@atﬁhs thefidg FR28ampR1I0H. Pt NéS 436l 089 PviedlPdm num
and phosphorus based nol ecul ar si eves
where Me 1s Mg, Mn, Zn, or Co), U.S. Patent No. 4,440,871 (SAPO), European
Patent Application EP-A-0 159 624 (ELAPSO where El is As, Be, B, Cr, Co, Ga,
Ge, Fe, Li, Mg, Mn, Ti or Zn), U.S. Patent No. 4,554,143 (FeAPQ), U.S. Patents
No. 4,822,478, 4,683,217, 4,744,885 (FeAPSO), EP-A-0 158 975 and U.S. Patent
No. 4,935,216 (ZnAPSO, EP-A-0 161 489 (CoAPSQO), EP-A-0 158 976 (ELAPO,
where EL is Co, Fe, Mg, Mn, Ti or Zn), U.S. Patent No. 4,310,440 (AIPO4), EP-
A-0 158 350 (SENAPSO), U.S. Patent No. 4,973,460 (LiAPSO), U.S. Patent No.
4,789,535 (LiAPO), U.S. Patent No. 4,992,250 (GeAPSO), U.S. Patent No.
4,888,167 (GeAPO), U.S. Patent No. 5,057,295 (BAPSO), U.S. Patent No.
4,738,837 (CrAPSO), U.S. Patents Nos. 4,759,919, and 4,851,106 (CrAPO), U.S.
Patents Nos. 4,758,419, 4,882,038, 5,434,326 and 5,478,787 (MgAPSO), U.S.
Patent No. 4,554,143 (FeAPQ), U.S. Patent No. 4,894,213 (AsAPSO), U.S. Patent
No. 4,913,888 (AsAPO), U.S. Patents Nos. 4,686,092, 4,846,956 and 4,793,833
(MnAPSO), U.S. Patents Nos. 5,345,011 and 6,156,931 (MnAPQ), U.S. Patent
No. 4,737,353 (BeAPSO), U.S. Patent No. 4,940,570 (BeAPO), U.S. Patents Nos.
4,801,309, 4,684,617 and 4,880,520 (TiAPSO), U.S. Patents Nos, 4,500,651,
4,551,236 and 4,605,492 (TiAPO), U.S. Patents No. 4,824,554, 4,744,970




and netal -containing derivatives thereof have been described in detail in
Nnumer ous I Lpns including for exanple, U S. Patent 4 5 9
( MeAPO mﬂg’ﬂé’b‘ﬁgﬁf@ My, Mh, zn, or Co), U S Patent No. ‘Z&@Eﬁ?‘@?’ﬁz?%ipc»,
.European Patent Application EP-A-0 159 624 (ELAPSO where El is As, Be, B,
C, Co, Ga, Ge, Fe, Li, My, WMn, Ti or -28y, U S. Patent No. 4,554,143

(FEAPO, U.S. Patents No. 4,822,478, 4,683,217, 4,744,885 (FeAPSO), EP-A-0
158 975 and U.S. Patent No. 4,935,216 (ZnAPSO, EP-A-0 161 489 ( CoAPSO),

EP- A- O 158 9({BoABEAROI.S. Wttt Eb. 1F36306 HE&aAMFOVEP-AL0 293 23Y, (QARSO,Pat ent
No. 4,310,440 (Al P04), EP- A-0 158. 350 (SENAPSO), U.S. Patent No. 4,973, 460
(LI APSO),  U. WhereQds fragswork oxige ugiid QQ2] hseywell asd). SpRetents Ngs. 4468629050

(GeAPSO), U.S. Nt, NG. o1 44, 7 , a . 5<058, 295
(Bapsoy " U s HOSSy ey ARAI LGRS, 45 B0 Tah et a7 495334457010
.and 4, 851, 10&,356rWRO)4,998,1%5, FBIXT8S H\041,093,75894086 2hd88476380, alldsft, 326

and 5,478,787 (MyAPSO),. U.S. Patent No. 4,554,143 (FeAPO), U.S. Patent No.
4,894,213 ( Aykpsiopre horetn fydky isprporgded by gafgrensg Ofgnmeyleculprssieyesdrglade Nos.

and 6. 156, 031N RRERRUIER Sl R MRS BlsT VP Yol '
4,940,570 ( BeARBold, NSv PokeNew Nosk (190280Whid%s Mr&S4uli) Incifordie8 s, 520

(Ti APSO), U.S. Patents Nos. 4,500,651, 4,551,236 and 4, 605,492 (Ti APO),
U.S. Patent s refgrenge.824, 554, 4, 744,970 WO 2006/ 052677 PCT/ US2005/ 039830 - 29

CoAPSO), U. 4 735 806 93 SQ._. wh
st amewor k TWe uni (oo Bl A e sele SARD gidebuliigiles g © ©

4,686, 093, 4,208 Im&thfsubdiitiid SAPO hodthlasbdeved, AhBtabl/ methl Shbstfdénts 45952, 384,
4,1956, 164, 4. 956, 165, 4,973,785, 5 241, 093, 5. 493,066 and 5, 675, 050, al | of
whi ch are heralifali metals/of Fseimbh f dhe ReripdiceF e ef Elymenis. i alkaling easfreves

i nclude those SGr kb i st n | ecu Si eyes, Van
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SAPO nol ecul ar sieves, and netal -substituted SAPO nol ecul ar sjeves.
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Table of Bl e, oAl SAElAFn SRR Mel5! BhPsthalhPiPyddi 8 thderzitd O ©
Table of Elements, transition metals of Groups IVB, VB, VIB, VIIB, VIIIB, and
IB of the Periodic Table of Elements and mixtures of any of these metal species.
In one embodiment, the metal is selected from the group consisting of Co, Cr, Cu,
Fe, Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and mixtures thereof. The metal
atoms may be inserted into the framework of a molecular sieve through a
tetrahedral unit, such as [MeQ2], and carry a net charge depending on the valence
state of the metal substituent. For example, in one embodiment, when the metal
substituent has a valence state of +2, +3, +4, +5, or +6, the net charge of the
“tetrahedral unit is between -2 and +2.

[0106] In one embodiment, the metalloaluminophosphate molecular sieve
is represented, on an anhydrous basis, by the formula:
mR:(M,ALP,)O;

[0107] wherein R represents at least one templating agent, preferably an
organic templating agent; m is the number of moles of R per mole of (M;AL,P,)O;
and m has a value from 0 to 1, preferably 0 to 0.5, and most preferably from 0 to
0.3; x, v, and z represent the mole fraction of Al, P and M as tetrahedral oxides,
where M is a metal selected from the group consisting of Group IA, 1A, IB, IIB,



Goup I11B, including the Lanthanides: |anthanum cerium praseodym um
neodym um samarium europi um gadolinium terbium dysprosium hol mum

er bi um t@w{?msgﬁ-’t erbiumand lutetium and scandi um or Pg%}g&@g)ogéﬂ%hew -

Periodic Table El ements, transition netals of G oups |

VIIIB, and |B of the Periodic Table of Elenents and m xtures of any of

t hese netal species. In one enbodinent-30t-he netal is selected fromthe
group consisting of Co, G, Cu, Fe, G, G, My, Mnh, N, Sn, Ti, Zn and Zr,
and m xtures thereof. The netal atons may be inserted into the franmework of
a nol ecul ar §VBy&RB,WIRIGHIR, VIIEB raalddneianidelstof the Phriadic [IMe 241, Elamdnarry a
net charge depending. on the valence state of the netal substituent. For
exanple, in S’E € M etne ordpeis metalsselesicd xqmdhs gTouR copgsng /fatiefde state

of +2, +3, + , T (6.t qag.gerof et ahe unit J S bet ween
-2 and +2. [ggft)g?’ IP%’ cg:?éGeehi@g%iqgéhﬁ’ %%grlhe%&a%@ogf'ur%ﬁ?\%p%{&% ulg?l(l’att’ rIrlllDISlSecuI ar
sieve is repgresarthedor equano @ ydd oyy dndsi are fivattihthah @i raqhal: to RO M yPZ) 02 |
[0107] wherein R represents at |east one tenplating, agent, preferabl¥ an

or gani ¢ t enplRBethageRbedimentym & geaichthendk] by abayt dsX 4% SiRaise thand) © alou

(MXAl yPz) 02 -0 - om Oy k0. 1y QI : d nost
preferably frogin%q & 1? (1)Ipﬂ.%.rg?é/eié,f@?lﬁghdﬁozo'?’eaﬁlgdezsgr%ﬁtﬂﬁllgg%ngr &a@%?sgonégf A, P

and M as t et madre dieferably eis fromDESaoM.7,% R figh @l0iswel ®21 e fr6m0.4 L0 G! oup
consisting of Group IA_IIA_ IB, IIIB, WO 2006/ 052677 PCT/US2005/ 039830 - 30
VB, VB, VI Banyeisiom ¢pme 8% Lant hani de's of the Periodic Table of

El . P bl i .sel :
Conststi ng ol g, M ShedifbcimRct HEMRRIGELFE Rt b RILb o diRtE /| |
an enbodi mentmoelBhilsr si€fes@bsthin dilkddnchdedihainuio 10.géneral)dower Si/Anekids 185E '

greater than or equal to 0.01. In another enbodinment, mis greater than 0.1
to about 1, xojlewgr clepstivationnratest snchibigher HChs fox aj given seheofr sgngletions. f r om

0.4 to 0.5, | Sy.d te 0 .0 ly mis
fromO. 15 toei—go%e)t, 1|n§ﬂ ?IE g?n%?%%%t %&Oﬁé%%é)?;@?rr glr% @%ﬁol{r{)@%%g&lﬁéﬁ%%g S
fromO0.3 to Gefperh@i&8hattipRng 2e806 AAIMObLS tdifadt Witinvhien, Dekifably, the

net al | oal um nophosphate _nol ecul ar sieves contain silicon and al um num In

general , | owenetgigalpminepliesphpisauoleguan uokes of dbis inveatiph sopianesi adddhiagher
ACs for a g'av§i?AISFattiooc§f it rkgéattér(}iﬁn about 0.5, preferably not greater than about 0.3,

more preferably not greater than about 0.2, still more preferably not greater than
about 0.15, and most preferably not greater than about 0.1. In another
embodiment, the Si/Al ratio is sufficiently high to allow for increased catalytic
activity of the molecular sieve. Preferably, the metalloaluminophosphate
molecular sieves contain Si and Al at a ratio of at least about 0.005, more
preferably at least about 0.01, and most preferably at least about 0.02.

[0109] Non-limiting examples of SAPO and AIPO molecular sieves useful
herein include one or a combination 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,
AIPO-5, AIPO-11, AIPO-18, AIPO-31, AIPO-34, 'A]PO-36, AIPO-37, AIPO-46,
and metal containing molecular sieves thereof. Of these, particularly useful
molecular sieves are one or a combination of SAPQO-18, SAPO-34, SAPQO-35,
SAPO-44, SAPO-56, AIPO-18, AIPO-34 and metal containing derivatives thereof,
such as one or a combination of SAPO-18, SAPO-34, AIPO-34, AIPO-18, and
metal containing derivatives thereof, and especially one or a combination of

SAPO-34, AIPO-18, and metal containing derivatives thereof.



‘However, higher Si/Al ratios can be used under the appropriate conditions of

t enper at Upgy 200h %y Partial pressure and time of contact ?‘RJS L Rk9830
Desirably, the netall oal um nophosphate nol ecul ar sieves o I's invention

.contain Si and Al, at a Si/A ratio of not greater than about 0.5,
preferably not great er than about 0.3, -Hore preferably not greater than
about 0.2, still nore preferably not greater than about 0.15, and npst
preferably not greater than about 0.1. In another enbodinent, the Si/A
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Al PO- 18, and netal containi ng dérivatives thereof. WO 2006/ 0526
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det er mi ned byoft dvardek FEaNicor tahd ciluthsoing se dilicon, ll8ninum and phosplorus, water
and one or more templating agents, is placed in a sealed pressure vessel. The
vessel is optionally lined with an inert plastic such as polytetrafluoroethylene, and
heated under a crystallization pressure and temperature, until a crystalline material
is formed, which can then be recovered by filtration, centrifugation and/or
decanting.
[0112] In general, templating agents or templates include compounds that
contain elements of Group 15 of the Periodic Table of Elements, particularly
nitrogen, phosphorus, arsenic and antimeny. Typical templates also contain at
least one alkyl or aryl group, such as an alkyl or aryl group having from 1 to 10
carbon atoms, for example from 1 to § carbon atoms. Preferred templates are
nitrogen-containing compounds, such as amines, quaternary ammonium
compounds and combinations thereof. Suitable quaternary ammonium
compounds are represented by the general formula R4N', where each R is

hydrogen or a hydrocarbyl or substituted hydrocarbyl group, preferably an alkyl

group or an aryl group having from 1 to 10 carbon atoms.



Pat ent Application Publication No. 2002-0165089, is greater than 1:1. [0111]
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not been activated, and is considered a preformed catalyst. The catalyst in this
form is resistant to catalytic loss by contact with moisture or water. However, the
preformed catalyst must be activated before use, and this invention provides
appropriate methods to protect the activated catalyst from significant deactivation.
[0115] The liquid used to form the slurry can be any liquid conventionally
used in formulating molecular sieve catalysts. Non-limiting examples of suitable
liquids include water, alcohol, ketones, aldehydes, esters, or a combination
thereof. Water is a preferred liquid.
[0116] Matrix materials are optionally included in the shurry used to make
the formulated molecular sieve catalyst of this invention. Such materials are
typically effective as thermal sinks assisting in shielding heat from the catalyst
composition, for example, during regeneration. They can further act to densify
the catalyst composition, increase catalyst strength such as crush strength and
attrition resistance, and to control the rate of conversion in a particular process.

Non-limiting examples of matrix materals include one or more of: rare earth

metals, metal oxides including titania, zirconia, magnesia, thoria, beryllia, quartz,
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[0119} Preferably, the matrix matenal, particularly clay, and preferably

kaolin, has an average particle size of from about 0.05 pm to about 0.75 pm; more

preferably from about 0.1 um to about 0.6 um. It is also desirable that the matrix

material have a dog particle size distribution of less than about 1.5 pm, preferably

less than about 1 um.

[0120] Binders are also optionally included in the slurry used to make the

formulated molecular sieve catalysts of this invention. Such materials act like

ghue, binding together the molecular sieve crystals and other materials, to form a

formulated catalyst composition. Non-limiting examples of binders include

various types of inorganic oxide sols such as hydrated aluminas, silicas, and/or

other inorganic oxide sols. In one embodiment of the invention, the binder is an

alumina-containing sol, preferably aluminium chlorohydrate. Upon calcining, the

inorganic oxide sol, is converted into an inorganic oxide matrix component, which

is particularly effective in forming a hardened molecular sieve catalyst

composition. For example, an alumina sol will convert to an aluminium oxide

matrix following heat treatment.
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[0123) In another embodiment, the binders are alumina sols,
predominantly comprising aluminium oxide, optionally including silicon. In yet
another embodiment, the binders are peptised alumina made by treating alumina
hydrates such as pseudobohemite, with an acid, preferably a non-halogen acid, to
prepare sols or aluminium ion solutions. Non-limiting examples of commercially
available colloidal alumina sols include Nalco 8676 available from Nalco
Chemical Co., Naperville, Illinois, and Nyacol available from the Nyacol Nano
Technology Inc., Boston, Massachusetts.

[0124] If binder is not used in making the molecular sieve catalyst, the
catalyst is considered a binderless catalyst. If binder is used, the amount of binder
used to prepare the molecular sieve catalyst ranges from about 2% by weight to
about 30% by weight, based on the total weight of the binder, the molecular sieve,
and optionally included matrix material, excluding the liquid (i.e., after drying).
Preferably the amount of binder used to prepare the molecular sieve catalyst
ranges from about 5% by weight to about 20% by weight, more preferably from
about 7% by weight to about 15% by weight, based on the total weight of the

binder, the molecular sieve, and optionally included matrix material, excluding the
liquid (i.e., after drying).
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cat al yst weight of the formulated molecular sieve catalyst composition.
[0127] The molecular sieve matenial is activated by removing the template

from the preformed molecular sieve catalyst composition so as to expose the
active catalytic sites to the environment. The template can be removed by any
conventional technique, including for example by elution methods or by heating.
The molecular sieve crystals themselves can be activated for immediate catalytic
use or for storing or transporting prior to use. However, it is preferred that the
molecular sieves be formulated into a preformed catalyst, then activated, since the
sieves are typically most useful as a formulated product. The formulated product
generally provides the most effective particle size and hardness for commercial
scale equipment.

[0128] In one embodiment of the invention, the molecular sieve material is
activated by removing the template by heat. In a preferred embodiment, the heat
is sufficient to remove water that is formed as a result of the combustion of the
template. Preferably, the molecular sieve material is heated at a temperature
greater than the critical temperature of water. At this temperature, water formed

during the combustion process will not condense or be retained by the molecular



conposition performance, whereas a | ower sieve content and higher matrix
content inproves the attrition resistance of the conposition. [01261 In

general , of binder and/or matrix material is t he

f or mul at e‘&aég%g%r si eve catal yst conposition contai nsf‘#?g’r#@g}(%ﬁwl% to
about 99% such as from about 10 %to about 90% such as from about 10%to
about 80% for exanple from about 20% t-asabout 70% and conveniently from
about 25%to about 60% by wei ght of the nolecul ar sieve, based on the total
wei ght of the fornul ated nol ecul ar sieve catal yst conposition. [01271 The
nol ecul ar  si g¥ge. MabRIE@blyl ShaGbinpRkeds R¥moesP Wyndohta@ide WatR sRamf &P t he
preformed nol ecul ar sieve catal yst conposition so as to expose the active
catal ytic si te@meﬂ'ﬂutﬁ"l@'@tﬂl’lﬂ'l@m rthmtcntwﬂetmﬂpilfmeeoﬁaﬁﬂt@e rl\émvmtdfdngblany

conventi onal chni i.n r exa S or,

heati ng. gotlf%'flﬁ%&?’%i'f’ %ll &g‘g{@?’sa% "51“1? nmb@l a??:tfﬂﬁtl@c?l

hommdl ate Ca¥éﬁweuc prefS@bR by Qﬁpréﬁﬁ%té Iﬁeatmg ﬁé”xﬁ@ aRRyt an P@éfe% Qhéjaﬁy
wever, it is preferredtha nol ecular si eves formul afed into a

pr ef or med cagead hyasta retatian vatﬂ:rlpvasmd oféesad:lmnt(héools:l eves ar e typi cal |y nost

seful as a | at ed duct. The for neraII ro des
'ltjhe. ﬁost ef f L‘ﬁ&%e par ﬁ@?ggé?zrﬁmgﬁﬁt éjfag{‘ iﬂ%rr“t’ﬁ é‘?‘gF‘&\ lar § v
equi prent . [ 9dZ8iny RefRfd W%Qﬁﬁ&eﬂmtﬂ%amﬂﬁm onzon&éiﬁmm' @a%ihﬁior?' eve

material is Tactivated by renoving the tenplate by heat. In a preferred
enbodi nent, tiedcésecdn bé ssesluf Sudhi éemlcetscmcladow@amacfflclnemaﬂuldsbefdowahaﬂem,s a

result of thﬁ ﬁnbustlo of..th Iate Prefe a%% t he cular si eve
material is Rashoyeny and theliker Lalg UL IS typiGa ndentond ‘? ¢8Rt at ure
of water. eRinb SRS i on process
w |l not conggﬁr?segmfi r be @g#g®%%§éatilg£t%ﬁg Oﬁﬁgir) Gi mzég(%@? g%%%

PCT/ US2005/ 0 J®38) . 3@ onyEemtiomal I%lah:ﬁnatlabl tempenautes npk atfedtiver empamavedy
contacting with steam at, a nper at ater .than the tical .

t enper at ur e Wﬁéétteemate%]lsé‘“ﬂrt@faép%?&h ?Cluiﬂ/i Sy er“@%@élo(% is iREenfigHy| at e,
any vater eny [E‘?xgpérﬂufcg'%r& f;rtm'tﬁeﬁl EP&R%OR‘@% gb&t 1 Yooeyc
appropriate eatl using a the dry gas has a ’reI ative
wat er pr essupeefakblyefiomt hismt (SOOEIOJIO e{bﬁﬁQ@])O%amdnglostopne&mblg frenpibate and

activate the_ppl ecul ar eve is generally referred to in this invention as
cal ci nati on. 5%&%‘!@%%0 &al ci nati on

Detailed Description of Preferred Reaction Systems

[0131] In a preferred embodiment of the invention, the reaction system is a
system for converting oxygenates to olefins or a catalytic cracking reaction
system. More preferably, the reaction system is a system for converting
oxygenates to olefins or an olefin forming reaction system. The reaction system
preferably includes both a reactor and a regenerator.

[0132] In one embodiment of the invention, the reaction system is an
olefin forming reaction system in which feedstock is converted into one or more
olefin(s). Typically, the feedstock contains one or more aliphatic-containing
compounds such that the aliphatic moiety contains from 1 to about 50 carbon
atoms, such as from 1 to 20 carbon atoms, for example from 1 to 10 carbon atoms,
and particularly from 1 to 4 carbon atoms.

[0133] Non-limiting examples of aliphatic-containing compounds include
alcohols such as methanol and ethanol, alkyl mercaptans such as methyl
mercaptan and ethyl mercaptan, alkyl sulfides such as methyl sulfide, alkylamines
such as methylamine, alkyl ethers such as dimethyl ether, diethyl ether and
methylethyl ether, alkyl halides such as methyl chloride and ethyl chloride, alkyl
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sul fide, al kyhapidtes oftheHinesntivatinyluddridvesr saﬂakghlt agd fh)embhsdlehalﬂ&hﬁha[t&t hyl
etther, diethyl ether and nethylethyl ether, alkyl halides such as nethyl
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ket ones such i meth ggg a such as
acetic acid. [ﬁf‘quM] I?l}h%&iéirle mbodi #‘g&?ﬂ ?ﬂﬂﬁe prglt:'{gcs’lé&g%%fl i

i nvention, theopdnekdsbpolsan) nh@atmﬁ exhﬂ @meﬁoﬂﬁnahyngemat edicthyDrether, di-
speci fi cal |y, one or nore organic co@r‘gound(s containing at | east one

oxygen atom I$9PIema cHiss: OﬁﬁléméhYQ?d ipetaylosanerate dimebybkeers eceic agident i on,
t he oxygenat %nd%u&ﬁﬁesft%@l%é{f.OCk is one or

[0136] In the most preferred embodiment, the feedstock is selected from
one or more of methanol, ethanol, dimethyl ether, diethyl ether or a combination
thereof, more preferably methanol and dimethyl ether, and most preferably
methanol.

10137] The various feedstocks discussed above, particularly a feedstock
containing an oxygenate, more particularly a feedstock containing an alcohol, is
converted primarily into one or more olefin(s). The olefin(s) produced from the
feedstock typically have from 2 to 30 carbon atoms, preferably 2 to 8 carbon
atoms, more preferably 2 to 6 carbon atoms, still more preferably 2 to 4 carbons
atoms, and most preferably are ethylene and/or propylene.

[0138] The catalyst composition of the invention is particularly useful in
the process that is generally referred to as the gas-to-olefins (GTO) process or,
alternatively, the methanol-to-olefins (MTQ) process. In this process, an
oxygenated feedstock, most preferably a methanol-containing feedstock, is
converted in the presence of a molecular sieve catalyst composition into one or

more olefin(s), preferably and predominantly, ethylene and/or propylene.



nore al cohol (s), preferably aliphatic al cohol (s) where the aliphatic noiety
of the alcohol(s) has from1l to 20 carbon atons, preferably from1l to 10
carbon at ¢y 200637 f0St preferably from1l to 4 carbon at Q‘Eﬁ‘m%{%ﬂﬁb%hm S
useful as feedstock in the process of the invention inclu eslower strai ght
and branched chain aliphatic alcohols and their unsaturated counterparts.
[0135] Non-limiting exanpl es of oxygenat®s include nethanol, ethanol, n-
propanol , isopropanol, nethyl ethyl ether, dinethyl ether, diethyl ether,

di - isopropyl ether, fornmal dehyde, dinethyl carbonate, dinethyl ketone,
acetic acid, [0R3] m xt (Jsisg theecatalyst coa@Bitioh of tthe inmvsstion faf the ceuvesstbndi nent
t he feedstock tJ S qs?gl ect ed I@[sﬁﬂ‘ o?e or nore of methanol, ethanol, djnethyl
ether, diet hyif &{4sdFtogk. gre ¥ faf§edirock AERBEINE RBF OT JReeepyEchath®tMEnol ~ and
di met hyl et hefyqands B}?s‘ﬁtnﬁgr SRIRE Dised G {hR210Mal wiefkh? 6F hgﬁfoc}ﬁ%roh?ﬂ@dlfcgﬁds'[ ocks
di scussed above, particu ly a feedstoc containing an oxygenate, nore
particul arly ia gfeated shamci) waghtpercerg, ypically gieater then 6(cwnight pederpy suchras|y into |
one or nore olefin(s), The olefin(s) produced fromth feedstock typically
have from 2 tSeder ‘é‘é’i’ Bgﬁv%$13rP§,r°eB£=é%1€rpé F‘)?gg’ grgatgr Q’é’F‘%énwe bRECeHy
preferably 2 | at ons,
and nost pref%ﬂr%ab H;ﬁgjrqgﬂ’e@tﬁy e#gggggt?]gfrgﬁ%%gggﬁlﬁg?@%fg%&fg%ﬁgg%gt ant)@gt
conposi tion abtal neight\of hydrearbenpaoduct praducyd issgfeuter ithan 65 evegho pescsnt, hat i s
generally referred to as the as-_t%-ol efins ocess or,

GTIQO .
al ternati vel ySUch s @igpishiban 78- Beig %TCFMT(.{)W( ﬁ?‘%%‘Eg greatert thas Tor BsiEd | an

oxygenat ed f C - t &l i f , IS
converted inﬁ%ﬁr@gﬁg&%@ygr%ﬁrggﬁflggng%%eggglggg?y?ﬁt%ﬁ%’o@f%ﬁ%ﬁ&?nto one
or nore ol eféthylsle prodatatl ablweighnhepreatibasedanit the, toddihwtighe ofihgdioeaporpy! ene.
WO 2006/ 052677 PCT/ US2005/ 039830 -38 [0139] Using the catal yst con‘gosition
of the i nventP8RUGt grrodyssde bingksatsr dhan 30 weighb Bsicshl, Suph eascEmsRtey thary dedst ock
cont ai ni ng ong..: OXYIENZLAS HRIU La(s based
on the total rﬁ%lgg%{;&g%thé%?ocarlﬁgrﬁr %ir}%dhced Fvs? hrt ae?zéérn@'t h%ln%@gé/\i?éietgﬁt
percent, typianaddny ofrprapdend pariucéd wemghtht pereanbassiuch ths totgh eaight ofhan 70
wei ght percent, and preferably greater than 75 weight percent. In one
enbodi ment, tHElreGERMm: Profuc imodussd 15 gepatst thanofl Merght Rekrgah SYclbas 8tFalsR t he

than 25 weight percent, for example greater than 30 weight percent, and

preferably greater than 35 weight percent.

[0140] In addition fo the oxygenate component, such as methanol, the
feedstock may contain one or more diluent(s), which are generally non-reactive to
the feedstock or molecular sieve catalyst composition and are typically used to
reduce the concentration of the feedstock. Non-limiting examples of diluents
include helium, argon, nitrogen, carbon monoxide, carbon dioxide, water,
essentially non-reactive paraffins (especially alkanes such as methane, ethane, and
propane), essentially non-reactive aromatic compounds, and mixtures thereof.
The most preferred diluents are water and nitrogen, with water being particularly
preferred.

[0141} The diluent, for example water, may be used either in a liquid or a
vapor form, or a combination thereof. The diluent may be either added directly to
the feedstock entering a reactor or added directly to the reactor, or added with the
molecular sieve catalyst composition.

[0142] The present process can be conducted over a wide range of
temperatures, such as in the range of from about 200°C to about 1000°C, for
example from about 250°C to about 800°C, including from about 250°C to about



total weight of hydrocarbon product produced is greater than 65 wei ght

percent, weRbs@3sgr eater than 70 wei ght percent, for expiyuS:056akey than
75 weight percent, and preferably greater than 78 wei ght percent.

.Typically, the amobunt ethyl ene produced in weight percent based on the
total weight of hydrocarbon product prodoced, is greater than 30 weight
percent, such as greater than 35 weight percent, for exanple greater than
40 wei ght percent. In addition, the anount of propylene produced in weight

percent based38n'G, envetientlywdbpyhabayt 308ydrtocahonb 6591 dupicaly dae abouts
greater than 20, Mei ght Lent., suc S.greater., than 25 Loht percent, for

. exanpl e gr eat%B %%3%8%3&?# F{&é‘F@Z@C ﬁ%ﬁc?%owr?’e%oe&g%?@mé\rggg%gr t han 35
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nmet hanol , the feedstock may contain one or nore diluent(s), which are

. general | y nordfpeesstriey endluling metogenous paeskurer Typicadly| the paitiel presairaibf gte
conposition d _are typi.cal used reduce the concentration of the
Feetist ock.  NARESsTR crtEiEE ah b aTismt horiE FHbToxeldn Srmers anin egonee ~
nitrogen, cardiGrhniABeut He kPeR LD Aol OKIFE, sudBLAr from 858N kBhd Yo MRHtreact i ve
paraffins (especially al kanes such as nethane, ethane, and propane),

essenti al | y dRaz ent convenzndyrfroncaboutd@kRaisto about H0dRaees t hereof . The nost
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liquid or a w&ggrofffeéagiocpexauaaﬁgﬁh atihafs béi‘@fo%?iaer whendf HEREIRYRE ei t her

added directly the feedstock entering a reactor or added directly to the
reactor, or audezcatilyst commpositiohetypically singee fioat abous fl ledtpabouti 0 HO142] The

priesent process, can be co t.ed oyver i,de r.ange o t ermer atuy s, such as
in the range SH‘FS}_‘ ff “%Bﬁ?ﬂqdzggbcgq Bb%oﬁ}owllgooér %‘&P’pﬁ%gﬁ%%“?rgghﬁ alfout 250C
to about 800%bohméoodmgaﬁd eFavARHily 3RAE absutaltont! WAL P6UPR26m ok

PCT/ US2005/ 039830 -39 750 C, convehiently from about 300C to about 650C,

typical |y frcmtadiuent, BBOWHIV db @ueat@0ohan 20dod'arud, cuhexe [foedstaskn cotains 350C t 0
about 550C.

0143] Simlarly, .t t b duct ed
i de range  dnepist e dmelid s 4.0 GUABEROpPananE o eabpy 1l ¢

partial presgyrie of the feedstock exclusive of any diluent therein enployed
in the process is in the range
[0145] Where the process is conducted in a fluidized bed, the superficial

gas velocity (SGV) of the feedstock including diluent and reaction products within
the reactor system, and particularly within a riser reactor(s), is at least 0.1 meter
per second (m/sec), such as greater than 0.5 m/sec, such as greater than 1 m/sec,
for example greater than 2 m/sec, conveniently greater than 3 m/sec, and typically
greater than 4 my/sec. See for example U.S. Patent Application Serial No.
09/708,753 filed November 8, 2000, which is herein incorporated by reference.
[0146] The process of the invention is conveniently conducted as a fixed
bed process, or more typically as a fluidized bed process (including a turbulent
bed process), such as a continuous fluidized bed process, and particularly a
continuous high velocity flnidized bed process.

[6147] The process can take place in a variety of catalytic reactors such as
hybrid reactors that have a dense bed or fixed bed reaction zones and/or fast
fluidized bed reaction zones coupled together, circulating fluidized bed reactors,
riser reactors, and the like. Suitable conventional reactor types are described in
for example U.S. Patent No. 4,076,796, U.S, Patent No. 6,287,522 (dual riser),
and Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger



of fromabout 0.1 kPaa to about 5 MPaa, such as from about 5 kPaa to about 1
MPaa, and conveniently from about 20 kPaa to about 500 kPaa. [0144] The

wei ght hwéxc?&'n%q velocity (WHSV), defined as fthe t ot a]il%.{fﬁg%ﬂgy 39§$%ve in

f eedst ock |ng any diluents per hour per weight of

the catal yst conposition, typically ranges from about | to about 5000
hf', such as fromabout 2 hr-] to about403000 hf', for exarrpl e fromabout 5
hf' to about 1500 h{', and conveniently fromabout 10 Id" to about 1000
hf'. In one enbodinent, the WHSV is greater than 20 hf' and, where

f eedst ock cophilishsng hglﬁﬂ |N@WdY@fL dveRt Yok e9TRrwhich aré) aﬂlhﬁeréﬁh”ﬁﬂlyOf from
about 20 hr'' to about 00 hf’ [0145] Where the process is conducted in a

f1 ui di zed beticotnosatsdprréferengs. gas vel ocity (SG\/) of the feedstock

i ncl udi ng di and action products w.thin react st. and
particul arly %'%?Li n a ﬁ?@fﬁfggaife&?tf’g}ypes ey ’ilsefé% fmﬁgineﬁ’éiye&éémﬁ@%a ¥econd
(nmsec), sucRisas ROE&SE Fluidivafio akd Fha&Parfele By ﬁém.qr;ﬁ%éﬂs i Flanzegc, for
exanpl e greater than 2 nmisec, conveni ently greater 't m sec, and

typically gaehieF. Ottano AR einbeld. PudishingrCesparapips, Neﬁ Ypek, dI%OAmﬂ iLE&t i on

Seri al 9/ 708, 7 200 s her ei,n i.ncor por at ed
by Iref erence9 {ef‘b%&%%sllc%eﬁ%r Qjé\gs@n%g ‘%ﬁ’gd rﬁ?;"g?ﬁ) %bcgﬁt\%hhé’ﬁ F'S‘; q{’gnduct ed
as a fixed Beﬁalmacmm 813 fﬂ?éc?MaszJi C@ddoy(rﬁsﬁuazefﬁwr%z&&) bgichr 46935
(including a turbulent bed process), such as a continuou$ fl uidized bed

process. andhgamﬁlﬂwllmdryomteddxynefemmqs high velocity fluidized bed process.
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fast 11ul di AGRIRAMNEpfdceRNor RSy Aidl R8N oot ilizfld Aeddiit di zed

bed reactors, riser reactors, and the“like. Suitable conventl onal reactor
types are desmtam,eajregmeratmn sy,sanpdmgl aIeSovdi’aBmmNo 4,076, 796, U.S. Patent

No. 6, 287, 52&8%&1 ri i&ré‘,&b?and Fl @%r'?s%nﬁgg;gl neer i ﬂgé@‘gg‘?fléunhﬁ dand 0.
Levenspi el , t
Publ i shi ng nga)ﬁ'!a¥t’01' Iﬁq{alﬁlnfhieﬂ&‘stﬂéraguc;r?g&w WiIRhif bl of nidrk & Rhdof(sy | Y

i ncor porated by reference The preferred reactor types are ri'ser

react ors genendilal yeodaécneactim kone Rithar aRdeast ong diberigdgingt vesselamypically

Fluid-Parti Clzgmp ssélg one &Pore g'j?clcgnoeSSQIn oFﬁeAém%gglzment, the one or more riser
reactor(s) and disengaging vessel are contained within a single reactor vessel.
Fresh feedstock, preferably containing one or more oxygenates, optionally with
one or more diluent(s), is fed to the one or more riser reactor(s) into which a
molecular sieve catalyst composition or coked version thereof is introduced. In
one embodiment, prior to being introduced to the riser reactor(s), the molecular
sieve catalyst composition or coked version thereof is contacted with a liquid,
preferably water or methanel, and/or a gas, for example, an inert gas such as
nitrogen.
[0151] In an embodiment, the amount of fresh feedstock fed as a liquid
and/or a vapor to the reactor system is in the range of from 0.1 weight percent to
about 99.9 weight percent, such as from about 1 weight percent to about 99 weight
percent, more typically from about 5 weight percent to about 95 weight percent
based on the total weight of the feedstock including any diluent contained therein.
The liquid and vapor feedstocks may be the same composition, or may contain

varying proportions of the same or different feedstocks with the same or different

diluents.



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

Pat ent Nowoazoiliéﬁszgfﬁz (fast-fluidized bed reactor), andwurﬁ,gsﬂ}o%ggsm

Application Serial No. 09/564,613 filed May 4, 2000 ( e rirser
.reactor), which are all herein fully incorporated by reference. [0149] In
one practical enbodi nent, the process isticonducted as a fluidized bed
process or high velocity fluidized bed process utilizing a reactor system
a regeneration systemand a recovery system [0150] In such a process the

reactor systgoisynveni erd fedsicdkugsnn fhie ttsbtorBiene ACHRfersbls beMeARYE] Ny a
first reaction zone within one_or nore riser reactor(s and a second

_reaction zon@agialyior fily] vathe fFseraarior Agrayinig a\gasemts efflyerit dhat| eptere drepr i si ng
| ] nbadi th i
ond di sengag grenite vt eL AR R LR Mo ABLL BalipoNRRt b I melEREd °F oL,

. feedstock, pregafiRaapéx @Q_{ﬁr@@iaﬂgp@ﬂﬂe@ﬁvim e VAL E FessOIRb isGikpdtt YhaM T h
one or nore dlluent(s3, is fed to the one or nore riser reactor(s) into
which a nol sokedcatglysl eomposition tirasw ripyo gasdoun chiluand leodtajng ionn wrh@prof i s

i ntroduced. | e_enbadi ment rior to i ng, introduced to the ri.ser
reactor(s), t@%ﬁlﬁ& ¥ %ﬂe EEESF%%?%Y%W?JS ﬁ@?ﬁ)ﬁglé§ VEIOBES GF P&%‘ﬁ%ﬁﬁﬁ?ﬁfyon
thereof is copfeagtWihiy the d@sdnighsthe vesdRt RbLLARI be WEdETo pARE IR BAtaly@Nd/ Or a
gas, for exanple, an inert gas such as nitrogen. [0151] In an enbodi nent,

t he anount ofcofmpesition deas thecgaseeus edBuent) Qjdrdnethodyy for separatpngrthe oatalyst r eact or
systemis in the ran of .fromO.1 i_ght rcent t about 99.9 wej ght

per cent , suc}f"ﬂﬁ”ﬁﬁ{}ﬂ&'ﬁ%"bﬂ}e gfs%sﬁe&gmggﬁ][% tﬁ%u %tﬁ:flat5§ RR¥ gRPVspttent ,
nore typical lyfe figk@m about 5 wei ght percent to about 95 wei ght percent based

on the total weight of the feedstock including any diluent contained
therein. Thd013Yui d anlg emgpembpdisunt,dbk dlisemgaging tvsssed andudssnpstipping, or

The cane o dERPavBRADY B F ool S6e oeBebneser Dottty Sammme otey T
[0152] The fagdsbRek BlRf i ddehpolioh B CldtackedS Wl b SgaR! ptatablyY ofdlYeS t ed,

partially or fully, in the first reactor zone into a gaseous effluent that
enters the dogpdmpiipnmy siesss ghethhmmn gasbion Kiotide, poken wanatigethydmesosotion. In

the preferr od, SBOSIEN o G IRUENR Selth Y 56kl dithBed Halh280gR0! N0

from the coked catalyst composition that is then introduced to the regeneration
system.

[0154] The coked catalyst composition is withdrawn from the disengaging
vessel and introduced to the regeneration system. The regeneration system
comprises a regenerator where the coked catalyst composition is contacted with a
regeneration medium, preferably a gas containing oxygen, under conventional
regeneration conditions of temperature, pressure and residence time.

[0155] Non-limiting examples of suitable regeneration media include one
or more of oxygen, O3, SO3, N;O, NO, NO,, N20s, air, air diluted with nitrogen or
carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide
and/or hydrogen. Suitable regeneration conditions are those capable of bumming
coke from the coked catalyst composition, preferably to a level less than 0.5
weight percent based on the total weight of the coked molecular sieve catalyst
composition entering the regeneration system. For example, the regeneration
temperature may be in the range of from about 200°C to about 1500°C, such as
from about 300°C to about 1000°C, for example from about 450°C to about
750°C, and conveniently from about 550°C to 700°C. The regeneration pressure



coked catal yst conposition fromthe gaseous effluent containing one or nore
olefin(s) within the disengagi ng vessel. Although cyclones are preferred,
gravity wbf26des24d7t hi n the di sengagi ng vessel can al so petTuseshsiosvssgpar at e
the catal yst conposition fromthe gaseous effluent. O her nethods for
separating the catal yst conposition fromthe gaseous effluent include the
use of plates, caps, elbows, and the |i%®e. [0153] In one enbodi nent, the
di sengagi ng vessel includes a stripping zone, typically in a Iomer portion
of the disengaging vessel. In the stripping zone the coked catal

conmposi ti on nmydlmma&merdnm oh frany aleout pidepsar fHI3ykineg tombeut F¥hpsiag %Bn of
t th t
Such 8 ar GoRPd) Sied Syt adih 27 RIS Pty R AP B bR sy o Phe

coked cat al y%a&%@%ﬁ Ia%utt hatpdis (17M8PahN ks aebaedsd ?sﬁhamam? agrdon
system [0154] The” coked cat al yst conposition is withdrawn from

di sengagi ng coresEntlyfion ahqubéﬂcpem(ﬂ67kH@)rteg|mu§|69mﬁmr(4$9’kPm The
regeneration em c rls s are ator ere t e cok cat al
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cont ai ni ng ox¥gajin %M%ﬁé&@ﬁﬁ@ﬁtdb%ﬁ%ne ﬁlﬁﬁ@@e&.@%@m&m%&ﬁ ol about
tenperature, pressure and residence time. [0155] Non-limting exanpl es of

sui tabl e r egenemnatutorio O minues| b ameuntocrf cmygal of thexiegensratiif, fl808as N20,

NO, NO2, N2Cp, air, dilu d Wi th ni n or . carbon.di oxide, ygen and
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coked cat al yst nposition, prefe evel less than 0. wel ght
percent basedmonnt bnﬁongealm\the ghet usEd tbhegmkmd theo¢aded |catal it dve, fraghabdy st

Cemperat ure He ) fhvpially 3hUEsGHboRt 43 EeE dercsgberatgealot eaB obet Aich a.
from about 3% bercBRomd &QQQgrefé@myeﬁ@mbeuﬁzmmo@@ﬁefkelﬁﬁggbbe ﬁpﬂféﬁev\o75oc

and conveni ent rom about 550C to°-700C. The regeneration pressure
2006/ 052677 [RETLUSEDRS 003G BBAMourt D megenbriipm gashfed tatigaregdnefatom about 15 psi a

(103 kPaa) t ut 50Q.psja (34 Paa) such as from about 2Q psia (138

kPaa) to abo:i?la_ggo pSi Wﬂ&aspag)co € 1%61‘%6?5‘@6’??’8% it AB5EXS E’é""(ﬁ?ZkPaa)

to about 150 p3tign (hd34 akt BRABbLAIAGH, the temperature within the regeneration system is
controlled by various techniques in the art including feeding a cooled gas to the

regenerator vessel, operated either in a batch, continuous, or semi-continuous
mode, or a combination thereof. A preferred technique involves withdrawing the
regenerated catalyst composition from the regeneration system and passing it
through a catalyst cooler to form a cooled regenerated catalyst composition. The
catalyst cooler, in an embodiment, is a heat exchanger that is located either
intemal or external to the regeneration system. Other methods for operating a
regeneration system are in disclosed U.S. Patent No. 6,290,916 (controlling
moisture), which is herein fully incorporated by reference.

[0158} The regenerated catalyst composition withdrawn from the
regeneration system, preferably from the catalyst cooler, is combined with a fresh
molecular sieve catalyst composition and/or re-circulated molecular sieve catalyst
composition and/or feedstock and/or fresh gas or liquids, and returned to the riser
reactor(s). In one embodiment, the regenerated catalyst composition withdrawn
from the regeneration system is returned to the riser reactor(s) directly, preferably
after passing through a catalyst cooler. A carrier, such as an inert gas; feedstock

vapor, steam or the like, may be used, semi-continuously or continuously, to



conveniently from about 30 psia (207 kPaa) to about 60 psia (414 kPaa).
[0156] Thg g aséeepee tine of the catalyst conposition inpthgsifReBsasdt Or
may be in the range of from about one mnute to several Eours, such as from
.about one mnute to 100 m nutes. The anmount of oxygen in the regeneration
flue gas (i.e., gas which | eaves the reffenerator) may be in the range of
fromabout 0.01 nple percent to about 5 nole percent based on the total

vol une of the gas. The ampount of oxygen in the gas used to regenerate the
coked cat al ysfaci(itat® the frit@8hction of dedregasyated chmpist abhyositiond eagle Rhawi 15

nol e percent, preferably at | east about. 20 nole percent, and nore
 preferably frogicabatrierablydaitle ons QgReTetisenIsaeior(8D nol e  percent, based on
total anount egenergt i f ! t Qr.. . urni ng
of coke in th@fl?ggener aﬁ%gﬁﬂg@gggitggg%&ei%ﬁ%é%%ﬁ%g{eraecggatw%%?ﬁéksﬁwﬁ Ogn
.enbodi nent, tdwldderarenaratedecablyiti Bothpesitiag€rved ahd Qepchystiem dystent entthel | ed by
various techniques in the art including feeding a cooled gas to the
regener at or \isager sygpey dheppimuierlevel af wakepn gwnmalerlas, sigye catalyst
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cool ed regenerated catal yst conposition. The catalyst cooler, in an
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whi ch i s herejeferéntdel y i ncor porated by reference. [01581 The regenerated

catal yst conposition withdrawn fromthe regeneration system preferably
fromthe cat al0}88] cool efoke sle¥elabionedhani aatplyst f pempositiag ewal areasyred ebyat al yst
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reactor(s). |@geteifin@gbedtaBos coblet. r agpier Rveld ofadokk Yt theORpREMkLE SiRve

wi thdrawn fromthe regeneration systemis returned to the riser reactor(s)

directly, pretasaigg| sompasition, s8sE regenentiongireanctie apyas of disme0.01awsight i er |

son - cont 1 nuobGrgR ST i P e poteBRC o S GRM Bhok D M IR ISHRRES 4s
facilitate thgy W&ig}@?ﬂfcteht(? foroéxahiite FOGLARIUA DS wEizhahSEntGORBOR § W@l O t he

reactor system preferably to the one or nore riser reactor(s).
percent, and conveniently from about 0.3 weight percent to about 2 weight percent

based on the weight of the molecular sieve.

[0161] The gaseous effluent 1s withdrawn from the disengaging system
and is passed through a recovery system. There are many well known recovery
systems, techniques and sequences that are useful in separating olefin(s) and
purifying olefin(s) from the gaseous effluent. Recovery systems generally
comprise one or more or a combination of various separation, fractionation and/or
distillation towers, columns, splitters, or trains, reaction systems such as
ethylbenzene manufacture (U.S. Patent No. 5,476,978) and other derivative
processes such as aldehydes, ketones and ester manufacture (U.S. Patent No.
5,675,041), and other associated equipment, for example various condensers, heat
exchangers, refrigeration systems or chill trains, compressors, knock-out drunis or
pots, pumps, and the like.

[0162] In an alternative embodiment that can be optionally combined with
the processes described above, the olefin(s) produced are directed to one or more

polymerization processes for producing various polyolefins. Polymerization



[0159] By controlling the flow of the regenerated catal yst conposition or
cool ed regenerated catal yst conposition fromthe regeneration systemto the

reactor Sy§ moq&h,(;r opti mum | evel of coke on the nol eCUlﬁéT/ﬁhﬁM%oﬁ% ‘pl yst
en

conposition ering the reactor is nmmintained. There are nmany tec gues
for controlling the flow of a catal yst conposition described in M chael
Louge, Experinental Techni ques, Crcul-d4¢t ng Flui di zed Beds, G ace, Avidan
and Know ton, eds., Blackie, 1997 (336-337), which is herein incorporated
by reference. [0160] Coke |evels on the catal yst conposition are neasured

by w thdr a%medsébexn@mualsmhoﬁogasqﬁma alurfy lisé Bed adiMepidsQite praesss, and
detennining 1ts carbon content. R%’?pl cal levels of coke on the nol ecul ar
1

si eve cat al 958 cewhinetipn thageotaf leléf@éﬁéqf@ﬁ#doﬁ a gasephasetone $‘1W@h@ﬁe from

0. 01 wei ght ercent..to t 1 u fro out 0.1
wei ght per ceﬂ‘?ly’fng rigatiom: 09?3‘5]%‘58&8%?% tat F%S Onfarg'rﬂw 1(I‘hré e&? Y. 2

wei ght per cepfop ?En@b%Es&pMﬂngﬂkatxc@ﬁﬁrﬁeé’s&es ﬁﬂ&e@ﬁd@ﬂieﬁﬂ&ﬂ:dﬁ &aft&l?@t&ﬁ@tu'f 0.3
wei ght percent to about 2 weight percent based on the weight o

mol ecul ar si eareinclude Gny oNheT FacrIBbinatigr pfithetmplecyler Mgy awatafystsrdistuesed

di sengagi ng ste and | as 2 1 ECoy S he are many
wel | known rgl)c(od’\'?epyowg Zlﬁgpre?%l%%ct ﬁ’g%ng%onsg E’ﬁ%e%r\éttﬁi‘ﬁnbgg i}gg?’ul in
separ ating obgafiligispe, ar}ﬂetawehéyl zﬂ@taﬂb@nbﬂ&ﬁa iﬂdo MidABc RSSO meREdtIghent .
Recovery systens génerally conprise one or nore or a conbination of various

separation, ﬁatamtsmémwremﬂiﬁwpf distillation towers, columms, splitters,

t i t hyl,b factu U.S. Patent
No. 5476, 97 B68ha"or hEt S BRSO sORodiFieat SEGRLBEARD FIPLR SOBEAA ones
and ester MRBHAGHYF Sol{MedzinEdhe ok nl¥ve oleﬁn@Zﬁa i breseadlo 04 PEIMRESAIAL ed

equi pnent, for exanpl e vari ous condensers eat exchangers, "refrigeration
systens or chiathlystt systens ,in copphwesmation keadd- tuprafiugersongr or puire polymes, and

the Iike. [016 ernative enb can.b tionall

ool hed w ¢ Frodups pheelL LELOR ot FrE e even e R B BRRE AR ar o
directed to QREhA p memaﬂp%ytﬁmcnzagmgra ﬁfo{b@ﬁﬁs%&vteoaatdlg b pRgitar 40U

poI yol efins. Pol neri zati on WO 2006/ 052677 PCT/ US2005/ 039830 - 44 processes

i ncl ude sol utlessribedyasboyhas eThe | prefeyregh polymenigatiom| pliecgrse s Ld eZ3sr pbasses,
polymerization process and at least one of the olefins(s) is either ethylene or
propylene, and preferably the polymerization catalyst system is a supported
metallocene catalyst system. In this embodiment, the supported metallocene
catalyst system comprises a support, a metallocene or metallocene-type compound
and an activator, preferably the activator is a non-coordinating anion or
alumoxane, or combination thereof, and most preferably the activator is
alumoxane.

[0164] The polymers produced by the polymerization processes described
above include linear low density polyethylene, elastomers, plastomers, high
density polyethylene, low density polyethylene, polypropylene and polypropylene
copolymers. The propylene based polymers produced by the polymerization
processes include atactic polypropylene, isotactic polypropylene, syndiotactic
polypropylene, and propylene random, block or impact copolymers.

[0165] Having now fully described this invention, it will be appreciated
by those skilled in the art that the invention can be performed within a wide range
of parameters within what is claimed, without departing from the spirit and scope

of the invention.



or a conbination thereof. Particularly preferred is a gas phase or a slurry
phase polynerization of one or nore olefin(s) at |east one of which is

et hyl ene or propylene. These pol ynerization processes utilize a

pol yneri zation catal yst that can include any one or a conbination of the
nol ecul ar sieve catal ysts di scussed above. However, the preferred

pol yneri zation catal ysts are the Ziegﬂér-hﬁtta, Phil i ps-type, netall ocene,
net al | ocene-type and advanced pol yneri zation catalysts, and m xtures

t her eof . &p%@ﬁ%,ln a preferred enbodi nent, the polynerization process

conpri ses b ocess for polynerizing one or nore olefin(s) in the presence
of a polynerization catalyst systemin a polynerization reactor to produce
one or nore polymer products, wherein the one or nore olefin(s) have been
made by cbnverA Piogessdor tmnstsHiNg caladyst partiples info sreexygawite todefiyreactindl ecul ar

Si eve cag§5¥§gc&55%§E?Jj on as described above. The preferred pol ynerization
process i$ a gas phase polynerization process and at |east one of the

ol efins(s) is astolieg metabiphleaménophosphate pytabysiepartinies ip nafeageltiontaineg

pol ymeri zation,catal yst systemis suppor.t ed tal |l ocene catal yst system
In this enbodiq’i)ngrﬁf‘%e%ﬂgt o6d f@ﬂ'ﬁé’f’ﬁﬁfeaé@ﬂbtheé age Q’E'tag’%?og conprises a
support, radilha)dt&samRrélh trARfEring #RRorbY BRAIGAPRAKNY froalthedfdragt | vat or,
preferably the activator is a non-coordinating anion or alunbxane, or

conbi nat i ©Atainge foethe reagiien sstem qomutrisespieymeticallyi convexingrthe eatalyst pasicleae. [ 01641
The pol yner, e . ' [ j ove
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pol ypropyl ene _copol yners. e propyl ene based pol yners produced by the
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reaction
per |b of total catalyst.

2. The process of claim 1, wherein the gas flow is introduced into the container at a

volume transfer ratio of from 1.0 to 5.0.

3. The process of claim 1, wherein the gas flow has a water dew point of -20°F or
less.
4, The process of claim 1, wherein the container is at a pressure of from 0 psig to

100 psig during transfer.

5. The process of claim 1, wherein the container is at a pressure of from 5 psig to 50
psig during transfer.
6. The process of claim I, wherein the container is at a pressure of from 15 psig to

30 psig during transfer.



system conprising: a) storing netall oal um nophosphate catal yst particles in
a storage container; b) transferring the stored catalyst particles fromthe
storage container to the reaction system wherein transferring the stored
catal yst particles fromthe storage container to the reaction system
conprises pneumatically conveying the catalyst particles in a conduit from
the storage container to the reaction4§ysten1by a gas flowat a flowrate

of at least 0.2 scf/lb catalyst; and c) introducing the gas flowinto the
storage contaiper to transfer the.stared.catalyst rticles a vol ume
Cransfer Fat; of g et gnefei® PSR 06T eBmbies af Phisis EPleePe,

parti cl esfréf dheg@dueedrsistigg bf AN, hieelink) Cay € eOHS, atdeal ardfOf.rom 0. 99 to 10.0,
wherein the gas flow has a water dew point of OF or |less and the cunul ative
wat er content of the gas flow introduced into the storage container to

transter ghe oficliks byhiReR At okabB s lics REpndbnddtaldicleriat 2l vst.

2. The process of claim1, wherein t flowis Introduc I nto

cont ai nerbya gas flovoatianiow ramef feom 02t tod sof/lbfeatlwsi.. 0 to 5.0. 3. The process of
claim1l, wherein the gas flow has a water dew point of -20F or |less. 4. The
process of claim1, wherein the container is at a pressure of fromO psig to

100 psi g e¢luri Nehetgradesé 6f claimn 1, WiRrdi BeRaRIyef p@di@lésmré?nmieilly do@eye@nt ai ner
is at a pressure of from5 psig to 50 during transfer. 6. The process

5 psi
of clai mll){a%&M#%ﬂ@%ﬁ?%ﬁ%p-ﬁ@0a7t5sﬁf/g’rcé§'§(#-e of from15 psig to 30

psig during transfer. -46- 7. The process of claim1l, wherein the gas flow
conprises at | east one gas selected fromthe group consisting of air, N2,
hel i um C. CChhe gridgespodaim Brwhetédn the clilnalapiveoetes caftent lofigased introtharedi n t he

catal yst particles are pneunmatically conveyed, by a gas fl ow. at flowrate
of 1 rom ol the Stprage Spiginernd kpsqs used topagumsdtically Sonyey iegarel islps it ¢ he

catal yst @af it whiBSpR Lo PNBRYERL G ahifesiIVEyed by a gas flow at a flowrate
of fromO0.5 to 0.75 scf/lb catalyst. 10. The process of claim1l, wherein the

cunmul ati ve water content of gases introduced into the storage container and

gases useh t 0 AREyIALL Al £ QKGN LR FRLALY Rhick Sorh R 3¢ bkADinQaltba! b wat er

per | b of al'ys rarfisterr ed.
into the storage container and gases used to pneumatically convey the catalyst is less than

0.001 1b water per Ib of total catalyst transtferred.

12.  The process of claim 1, wherein the cumulative water content of gases introduced
into the storage container and gases used to pneumatically convey the catalyst is less than

0.0001 Ib water per 1b of total catalyst transferred.

13.  The process of claim 1, wherein transferring the stored catalyst particles from the
container to the reaction system comprises transferring the stored catalyst particles from
the container to an intermediate hopper, and subsequently transferring the catalyst

particles from the intermediate hopper to the reaction system.

14.  The process of claim 1, wherein the gas flow introduced into the container has a

relative water partial pressure of not greater than 0.1.

15.  The process of claim 1, wherein the gas flow introduced into the container has a

relative water partial pressure of not greater than 0.01.



11. The process of claim1, wherein the cunul ative water content of gases
introduced into the storage contai ner and gases used to pneunmatically
convey the catalyst is less than 0.001 Ib water per |Ib of total catalyst
transferred. 12. The process of claim1l, wherein the cunul ative water
content of gases introduced into the storage container and gases used to
pneunmati cal |y convey the catal yst is-Péss than 0.000 1 |b water per | b of
total catalyst transferred. 13. The process of claim1, wherein transferring

the storeg catglyst particles firomithe gontainer t.o the reaction system
conpri sesﬂ%r an@?e\é’lr 5€ sgoﬁ%aémsﬁc‘)%g‘é?‘%g’tﬂgﬁsyé?w b’% ticgddntorthe conraifier h%%ra‘nt ai ner to
an i nt er nieitiaé ¥ateopaeisl pré3orefnsegrefaithah 0.0enNsf erring the catal yst
particles fromthe intermedi ate hopper to the reaction system 14. The

process of claim1, wherein the gas flow introduced into the container has a

rel ative patermpafbleaal oﬂ{fl?ﬁiﬂ KofheRdin glgigagﬂ&@thﬁfodh&%ﬁn% the cortaipet/Has R ocess of

claim1, wherein the gas wintro ed 1nto the container has a relative
wat er parielative pates partiel péssnstof gpegreser thimeh0@2101. -47- 16. The process of

claim1l, wherein the gas flow introduced into the container has a relative
water partial pressure of not greater than 0.001. 17. The process of claim

1, wher ei 1.t heTi@aodesO¥e didihy DeHeRbn theréactiBie syt RiatRhsd R réactibgl at i ve wat er
partial pressure of not greater than 0.0001." 18. The process of claim1,

wher ei n t$ystepefined bad regation system Hluidinekcbadaeaction sysieam fast ylyidizad beflxed bed
reaction ui. di : LR [ gl bed reaction
Gyerem  crbaifatnny ftbfas B BE LRGYSLER, of ML ca SRR OP0 (Yetem
19. The process of claim1, wherein the catalyst particles conprise a

met al | oal ym noghosphat e | ecul ar .sieve selected fromthe group consisting
of SAPO-5!%- s?iﬁ@l’égce%%% aim 1, gheesin e cap éi%?t}é?@ﬁﬁ@ﬁ'é? aSAPO- 20, SAPO- 31,

SAPO- 34, maaftédimrinophishhatd mofelhiler déve seRECd #dm tﬁ@‘%%u%%ons?ﬁﬁl@o‘f%AP@é‘?O 44,
SAPO- 47, SAPO-56, ALPO-5, AIPO- 11, ALPO-18, Al PO 31, Al PO-34, Al PG 36,

Al PO- 37, PPO3, 88 POntl SAPEL MG, ARG 7. A RUBHARDQ0eSAPAY1eBAPOid i xt ur es

ot om $AE %%‘Eﬁ%@{sﬁ%%igﬁ*ﬁ@rﬁcﬁiﬁ?ﬁ £, SAVE| SAmEAZSANGUGTSAPONTS | 0 ot

of not grapPErs6t ABD-H, AIPCZ11, AlRE- 18, a¢ROS | PAIPE)-34, A I2D-36)26POL3T, AlFD-act i vat ed
met al | oal um nophosphate nol ecular sieve contains Si _and Al at a Si/Al ratio
of not gr¥amstal copfpinmeanolpenlarsicyesthgreak andymixtyrgs tepaof. wherein the acti vat ed
nmet al | oal um nophosphat e

20.  The process of claim 19, wherein the activated metalloaluminophosphate

molecular sieve contains Si and Al at a Si/Al ratio of not greater than 0.5.

21. The process of claim 20, wherein the activated metalloaluminophosphate molecular

sieve contains Si and Al at a Si/Al ratio of not greater than 0.3.

22.  The process of claim 20, wherein the activated metalloaluminophosphate

molecular sieve contains Si and Al at a Si/Al ratio of not greater than 0.2.

23.  The process of claim 20, wherein the activated metalloaluminophosphate

molecular sieve contains Si and Al at a Si/Al ratio of not greater than 0.15.

24.  The process of claim 20, wherein the activated metalloaluminophosphate

molecular sieve contains Si and Al at a Si/Al ratio of not greater than 0.1.



nol ecul ar sieve contains Si and Al at a Si/A ratio of not greater than 0. 2.
23. The process of claim 20, wherein the activated netall oal um nophosphat e
nol ecul ar sieve contains Si and Al at a Si/Al ratio of not greater than
0.15. 24. The process of claim 20, wherein the activated

met al | oal um nophosphate nol ecul ar sieve contains Si and Al at a Si/Al ratio
of not greater than 0.1. -48- 25. A pf®cess for transferring catalyst
particles within an oxygenate to olefin reaction system conprising: a)

storing tallpal um op hos hat e rticles in ner. or hopper;
D) transiBr i rngE"'ﬁ%“g? SreataTicpt pRteb Pk iveRat S R e nopper
into a vsggglg cdn'fprlsh% reaction system c¢) introducing a gas flowinto the
cont ai ner ho pper during the catalyst particle transfer at a vol une
transfer r at i @ gerigggetalipaluminpphawhate satakyst ragtifles inacontaingier hopper yst

particles and bﬁﬁémﬁéﬁ’gﬁr}g@l% didr Jﬂ:étﬁi? ﬁgﬂfc?&?roﬁ{){ﬂg%ﬂ%e%rf{Eﬁe Piffo3? to 10; d)

nonitoring at Teas e ac ensity an € Noi's content of the
cat al yst vesset irﬁhe&achmms*ygtemr ansfer using infrared spectroscopy e) stopping
the particle tﬁlansfer when ﬁ nmoni tored aci d densi .v | u r noni t or ed
moi sture cont EA{NUPAPTIRS Beas Higw &ip Hieroptapst o5 happer LPYYER aci d

density yakfdeaQy vdmhé&ms%ermm Sas ¥RbNE; %@Eto@a%@%ﬁt&ﬁ%@&’erﬁétcﬁﬂa%tt particles.
26. The process of claim25, wherein the catal yst%;)artl cles aré nonitored

usi ng Dnaml,@anéfgawnmﬁommst@mgemmmmﬁfmmfo @dl()spectroscopy 27. The
met hod of cl ai

L he is_introd t e contai ner or
hopper during H?nitg?% ?/tq‘fasb et?fg % aclujr %f%“fye?mﬂi] Olijsg r?%rﬂf’ﬁ ?? rati o of
from 1. 0 daalyst particles during transfer using infrared spectroscopy;

¢) stopping the particle transfer when a monitored acid density value or a
monitored moisture content value of the catalyst particles corresponds to an acid density

value or moisture content value for deactivated catalyst particles.

26.  The process of claim 25, wherein the catalyst particles are monitored using

Diffuse Reflectance Fourier Transform infrared spectroscopy.

27.  The method of claim 25, wherein the gas flow is introduced into the container or

hopper during the catalyst particle transfer at a volume transfer ratio of from 1.0 to 5.





