WO 2005/ 019389 PCT/ US2004/ 020771 1 METHOD OF SHUTTI NG DOWN A REACTI ON
SYSTEM FIELD OF THE | NVENTI ON [ 0001] This invention relates to processes or
met hods of shutting down reaction systens. In particular, this invention
rel ates tw@rosessgs or nmethods of shutting down reacti POTAgst0ens NI |

mai ntaining or protecting the catalytidé activity of nolecular sieves that
are susceptible to loss of catalytic activity due to contact with water

ol ecul es. BACKGROVBY GG U $WVPIINGDIRAZL Rbestbasierss are general |y
derived from al um ' | ain P System which is

a network of uniformpores and enpty cavities. These pores and cavities

catch nol ecuRELDWGF THREINYEXFONqual to or less than the size of the
pores and cayjities, and,repel nolecules of a |arger si.,ze. 003 d\'l;{ue por es
and caviti es\f@dﬁml ecuﬂyS &V@%‘g‘_ {f?agesf E?r WeEe5e & 1 Hndp ngSh[lg i‘_# enpl at e
materials durif@oh BestdRs eELbAticHhe s TRRHAGS tdMib @ ROO&8ESor mBIbHNBE t he
formati on of the nolecular sieves thenselves, a lattice type chemi cal
structure isshatingdiohmomattien ayuensavisle neataningpe prtentingl the GEWixtG attice
type structure .essentially . waps around the t | at e terial, with the
tenpl ate mafeiYiR] oLipele Lﬂa‘yﬂe‘é?sﬁéaéﬁée chfpé‘gﬁ?i tﬂgg%%r?g BEBICRHY SP%E% thin
the nol ecul arn§t8Vigh walRBmb&sHleki Nng nol ecul ar si eve nmay be conbined with

ot her conponents for the benefit of adjusting various properties of the

mol ecul ar si BACKGROUND ORI BHHEINVENTION| es. [ 0004] To nmke the nol ecul ar

sieve suitable for use, the tenplate nmust b emoyed so fhat the pores and
cavities are@%x to cM%lﬁ‘f%I g@ﬁ‘i’seé",re SLHEYY f VF‘%egmBuFma ot1%fsor bi ng
the ol ecul es f&PM LAE cERMh D BORMysRin, WhiEIRaCh deRfork I 8FfHGSpdres it M a
desired product. The reaction occurs when the nol ecules cone into contact
with catal yt ienipsy castidso Thtedponps dndrear hies paremojstlesthap Arvd Teizargual tay t hi n

one or nore of the enpty cavjties or, cages as sonetines call.ed. [0005] The
Lompl ate is OBIEMEROIEAFYPERBYSY S G tRe MaPRs ok W& & 1485 ¥4 ci ni ng or
burni ng out yfg3jenpl atﬁep@ﬁs%b&'kh&ﬁe%ﬁﬁcﬁé&ﬂﬁ%ﬁv@éé‘éfBﬁnéHS@oda feult senoVe the
tenpl ate, although calcination is preferred. Once the tenplate is renoved,

t he nol ecul arddingvtemphite arssérids edring the aaedwat sdveo mangéguringr pwsess. The

During the formation of the molecular sieves themselves, a lattice type chemical

structure is formed from the alumina silicate type matenals. 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
sieve. 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.

f [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 i1s conventionally removed from the molecular sieve
by calcining or burning out the template. An elution process can also be used to
remove the template, although calcination is preferred. Once the template is

removed, the molecular sieve is considered to be activated or ready for use. The



WO 2005/ 019389 PCT/ US2004/ 020771 2 activated nol ecul ar sieve has its pore
system including the enpty .cavities or cages open to the imedi ate
environnment, and ready for use. [0006] Activated netall oal um nophosphate

nmol ecul ar V&0 @WEP13BAt have catalytic sites within their PETASSHI0#S1
structure, e.g., silicoalunnm nophosphatte (SAPO) nol ecul ar sieves, have been
found to be sensitive to noisture. In general, significant exposure of the

acti vated nol.ec j : jStd h t t he
cotalytic nortoyiel nPIEER Qe pee BB ol the AT AGHINE L |
protecti ng achgasaipen toticainhediamtmaphosp) atdraad) dewsar si eves agai nst the
harnful effects of noisture are limted. [0007] US 6, 316,683 Bl (Janssen or
al .) di scl 0sd8086) et hod \@raise olstalppiyminephasaheiec malsGAT t Sicws HabApey

mol ecul ar  si [ Halo) [ Live_ sit A ul ar
sieve from c?é@la)g%é %lt%% %%?s?&?gd#@rggn%ﬁ%gi £&al %ﬁ%oaztln sep@édzﬂﬂéaggt he
shield, or agSAROyeHodtnlddlsnkehavoieendoiuel dDeaemsitied td naistumn fagehnaal ed sieve

that does not include tenplate. It is desirable to shield the active sites,
because act iStERiEENERIOSHS| K dhg aFtivaiedvaeleqilan sigieh it MOIsAurE figs bemm feandl vt c

activity whe J. ; 4.764, al .
di scl osgs a z%td ﬁ%@g%gq%‘%%%%%f%%wﬁ%&%%%%s&ggﬁ% g}}%’tgs'f %’(ﬁ)ﬁqrglggt‘g@; &%Eh:%ﬁ% as) a
result of conifagbteshidd a60VHEd nestallaRimieaptdsyidte irfolb@ilat sibvedagigierthst or age

conditions such that the organic tenplate conponent of the nolecul ar sieve
i s retai ned ihymfd etipgerfmorpireaisiiipiiah eve, until such tine as the catal yst

I's placed intggancatal yhd %3‘5%%%.'9121?9&?4%11 Ft‘e’ggndﬁcﬁ‘oeses S%Ecﬁiac{dséférg){e%ﬁggsed to

t he FCC react'ion‘condi tions, Wwher tor 1's” operate to 600C

and the regen@faftRracapiy af e AFO alodettil60RvE 0y&bR[Eing he iffeganhétivetwlpl ate is
removed fromthe nol ecul ar sieve pore structure, and the catal yst becones
acti vated foroftthemelegelar sigve fropy enndich Mdinmoishee ol BE trgunleetreld cpn siselur e,

there is littl e if, .any. contac i isture. 1Q0 es et al ...
Trprovenrent 54 AR TS ol bl el SRR MR SRt sionen.
2003, (1), 44néXoel nbsincRidblibmpRet. a8 ifdeARAvBNGShAId kitd £:608 sitbd)@ekiiBe NOv. 22,
2002, discloses a nethod of protecting SAPO 34 nol ecul ar sieve, based on a

reversi bl e r @gbviteh SEPQNRBlequlas sivie vaili edildt atlpss of eardytiqhetivifewhen
transforns a e':";'ﬁas%é':t?m%‘f'suiu@.t 0 an NH4+-SAPO- 34 in reversible way.

[0008] US 4,764,269 (Edwards et al.) discloses a method of protecting
SAPQ-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 1s retained in the SAPO-37 molecﬁlar sieve,
until such time as the catalyst is 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 850°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 is little if 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.



WO 2005/ 019389 PCT/ US2004/ 020771 3 The NH4+-SAPO-34 is said to be able to
w t hst and severe steaming for an extended period of tinme w thout |oss of
structural integrity and acidity. 100101 As new | arge scal e, conmerci al
product i orw® agisloiteses, whi ch use nol ecul ar sieves in thecpnsdsgiobdr
process, continue to be inplenented, protecting the activated nol ecul ar
sieves fromloss of catalytic activity as a result of contact wth noisture

continues to-he reater ch - i rticul.ar_chal |l enge
in catalytic ﬁgg@ﬁﬁgmggn% ﬁh&e?oe bl_%a@g‘l‘qug‘g’f‘%&%“p?e%gt% Ireoﬁ%wyu}g _f%'n?lgi I
contacting t heteagdd pefoa it cofitl 168¢ BF @rustirl inREETy andpeidityparticul arly at
times of unit shut down. During such tinmes, it nay be neceSsary to inject a

gas such as [8418m i nt d\st hew lage tsesle.penramensiad fprodistipe faailives, sylselemss n or der
to back out the feed. If .no,such s is_injecte caj al,yst_damm or

pr ol ems. v ¢ PR St o B Rk Roptefoneuins kS s arb B
activated si gy@eMrichh¥aéiBlatedadROIeculfradievied Hoht 1058 oS LAMStE RattviRas d dekilil @ to no
catalytic activity, which neans that the sieve would then be of essentially
no commer ci alof vantaes. with mastunetronafiunsdo bepgroe pareven gegater whellepds. df isshut ti ng
down reaction systie hat .incorporate the use of nolecular sieve

Suscept | bl o BTIBEE By I05t i SHABOEEHGon PoirtE Vi e ek SPeniid B
mol ecul es  besgavalerads (RUMYRRGIGrolkial SMENTHENvEB0%b:| ParBgadsRECt , thi's
invention provides nethods that assist in the protection of nolecul ar

si eves agai nstmdsodfsingfshohtewy.t Duriagtsiieh tiynes,nt staythei regesdemntoanjeceagad on
system These methods are particul arl ffective under. certain condjtions
wher o act | vatBit RotERn P B BT BOHERCLRCRA T RE L YdPoP ek SPbam
during reactORaYsied Stk H9W0.injdQ0d 2atd)Pst Ofen LBNGApBIML OBl @liect i ng
the nol ecul ar sieves, the invention provides a process of shutting down a
reaction ﬁygtoematislwﬁqa? ct;;clfacfbwevambmaqt eééweiclat’%iﬁd SiFYhe Wthoea&svaAponpr | Zes
st oppi ng hydrocar bon f.ee r,om. cont actj ng. cat.al yst, .gont ai nj activate
retal | oal uni fabroupikpe Breongi Erd el i Phi udtmeR b S ng T eed
repl acement gasild e beRE ERAGKDS nRborBRmERTNSAREUNEIs, Slercfbrel BARItadPRGt Whi l e
stopping or after stopping the flow of hydrocarbon feed to ‘the reactor. A
gas cont ai ni methodsgdrshiging defvarraiitiyn ispjtems dakt iipropparéte thegemel mobrulao

conbust car bon. it o b ORYL AL R SRy Bl LGS SRt okl oot no
be developed.
SUMMARY OF THE INVENTION

[0011] In one aspect, this invention provides methods that assist in the

protection of molecular sieves against loss of catalytic activity in shutting down a
reaction system. These methods are particularly effective under certain conditions
where activated molecular sieve is contacted with water vapor or steam during
reaction system shut down.

[0012] In one embodiment of protecting the molecular sieves, the
invention provides a process of shutting down a reaction system having a reactor
and a regenerator. The process comprises stopping hydrocarbon feed from
contacting catalyst containing activated metalloaluminophosphate molecular sieve
in the reactor, and injecting feed replacement gas into the reactor at a temperature
of at least 300°C while stopping or after stopping the flow of hydrocarbon feed to
the reactor. A gas containing oxygen is preferably injected into the regenerator to
combust carbon material optionally present on the catalyst while injecting the feed

replacement gas into the reactor.



repl acenent gas into the reactor. W 2005/019389 PCT/ US2004/ 020771 4 [0013]
I n anot her aspect of the invention, hydrocarbon feed is flowed to the
reactor while circulating catal yst containing activated

met al | oal uYOF8PHHSHat e nol ecul ar si eve between the react ST/HRMIOVBYEHer at or .
The flow of hydrocarbon feed to the reattor is then stopped, and gas is
injected into the reactor at a tenperature of at |east 300C whil e stopping

or after stoppg1g] the hydnaEar Lpactf cradle idvehlien, NBaAtdcarbonFeed & abk¥d 1@ gas
containing oxygen is injected into the regenerator to conbust carbon

materi al opti 8mwal | yegtersentwhils t heirculatiag y st catalystone centbiviigne ntactivaipd

injection is prefornmed i| ircylating the catalyst between the, reactor
and regener at %e?alﬁaﬁg?%éﬁ?aﬁ%&#?c i %ﬁeﬂ%ertwﬁ%g}%@gmgr &\ﬁgcrgg?egaftor-s hutting
down a reactiTgp fRWSbEAYAIBYirbeh feell @3 GhOteadiafl iRthcR GRDPERL B, g-3N6 injBdiendi ng
catalyst from the reactor system The process conprises flow ng hydrocarbon

feed to the inadhaoreactpr eifatemipbyatushiof at lehst 3004t Whide stapping or agemstepmig
acti vated matt al ho I un%no&hgig)hz}tée no ecugra iieve Ubet v(\)/efn the rgactsor and
regenerator. BFhAYFIFFETRIBEh G &40 T8N nb ot B2t he? rEa TSP EE {REESS fHpped,
preferably whigdjgcted iti6 HerbbsrdihietoCRbthuysdar et eeAalt diRiohEIRE hREerR R the
regenerator. A'gas is injected into the reactor at a tenperature of at

| east 300C whichtelyst ofipiong eprbodfrment, thivppéatigntinerethyuedsduloorchabdgtte t he
reactor. Prefer I% cat ath#st i S cércul ated between the reactor and
regenerat or afBIYPEMERPER HF Z°a5tr 3pd fe858F28H0C, and unl oaded from t he

regenerator ajg@4) €NPer gl Rvetidl fﬁhq?eftpr%@% d Ebl%éas 'o? s@nﬁmgnﬁeaﬁr@nt, the

process further conprises a step of renoving catalyst fromthe regenerator
after stoppi ngeachien kysierodavingre feaetr tand talregencsdan oend utivhdingaktajyst fileer pr ocess
further conprises a step of raisi ng cat al yst Iﬂevel ihn the re ener tor after
stoppi ng the MFAFGERF sRteleed MEPPRES rRutsrs faydee hydrocerhap 15jed ¢ ocess
further conpris@erd SireRraly I eWRME NIckahi@ingst hfafi t heonthiRBGNeralitited
following the step of raising the catalyst Tevel Tn the regenerator. [0016]
| n anot her enbutillvehimineplesplata nydeculannsredbdtwon tieeraacige med atgenerdiers a

vatef com e gl g Bhsat oy WSR2 b0l Rt Sl sl the

‘O’}'(?t Slr’ldcont ent o0fulR@lg Heatast b&aRe thttredborRingrEfAblaYorN O o ATi€lj&dted 18N 0- 8 Wt
the reactor at a temperature of at least 300°C while stopping or after stopping the
hydrocarbon feed to the reactor. Preferably, catalyst is circulated between the
reactor and regenerator at a temperature of at least 300°C, and unloaded from the
regenerator at a temperature of at least 300°C.
[0015] In one embodiment, the process further comprises a step of
removing catalyst from the regenerator after stopping the hydrocarbon feed to the

{ reactor. Optionally, the process further comprises a step of raising catalyst level in

the regenerator after stopping the hydrocarbon feed to the reactor. Also
optionally, the process further comprises a step of removing catalyst from the
regenerator following the step of raising the catalyst level in the regenerator.
[0016] In another embodiment, the catalyst removed from the regenerator
has a water content of not greater than 1.25 wt %, based on total weight of the
catalyst removed. Desirably, the catalyst removed from the regenerator has a
water content of not greater than 1 wt %, preferably not greater than 0.8 wt %, and
more preferably not greater than 0.5 wi %, based on total weight of the catalyst

removed.



nore preferably not greater than 0.5 wt % based on total weight of the
catal yst renoved. WO 2005/019389 PCT/ US2004/ 020771 5 [0017] Optionally,
the process further conprises a step of renoving catalyst fromthe
regener at ony@higds@miezzpecti ng the gas containing the oxygenpichiigsodid@o771
regenerator. Al so optionally, the process further conprises a step of
hearing the catalyst in the regenerator when the catal yst contains not
greater than 2 wt % carbon material, based on total weight of catalyst in
t he regenerat d0017]0018] Pptiensdy.efsodraessst TUrEher GARRIISEH & [§EEPr @fSBEPHIEr i s

heated by injecting hydrocarbo i)l ng. e r n -

enbodi ment, t hcél%a%%%%gqe feﬁe?%gm?é%%l ﬁglﬁjg?ti)n{é tlhg e%ggts é%&‘%grg fﬂrﬁ %’@&9’?&% é heat ed
gas into the rggeasnaiatr. AlkOOHHInall, hetpréRed hemher ohapsse it stef BEhéLRY

repl acenent gas is injected into the reactor at a tenperature of at | east

325C. Pref er abihy catalyst fretbd regenptasns evient the safalys) estans noftpeatpethaedotioer i s at

a tenperature of at |east. water critical.te I re. Desirably, the feed
r epl acenent ga%aIli’c?ﬁ 138?3%’ P?ﬁe_g Ofl_lti%talr‘a%llgﬁtporf caﬁa@%ﬁmﬁfg% g%%'?tg&enent gas :
sel ected from fopes|gr oup GOBSE Sérhtt@iAbntNichizBEen fhel tdgtheratht U Baged €02,
steam and conbinations thereof. Preferably, the feed repl acenent as

i nj ected into infestingdydmcarbonseipanive diceteesnarater [ B0 203them cebpdimeahothher

enbodi nent of the invention, the gas jnjected int t he ctor is at a
rel ative wat e_rcaﬁaj}’sttiné eﬂ?%@g{?}“g l%geai%cib}lglpe ﬁ%agﬁagﬁd %“cfsfl.l{o_ LHEEPABYY, the
gas injected 'ﬂ)b@%]t he 1 eRpC{&ranoherlenBolidient,i the V&L BlplRambhibasPiseigfleg Of
not greater than 0.01, nore preferably not greater than 0. 001, and nost
prefeably notintr dbt ecactdrant G ODderatpeoef Jat | lsasind2¥bodratsmably.t he &red
contai ning oxygen that is .injecte 0 _the regenerator. is air. 02 The
hydr ocar bon f ¢ g&ﬂﬂe“ctoﬁ‘é lfljré(?%ﬁ%nlﬁﬁoei‘}?u'fseaggwsc ts?%@%r%%g?cﬁ lﬁ{?g?’v&g"kr bon
feeds are sel eghed] fehatdnite. WeRltibigans feel irgfla@imenk SALHRRAY, inftARb tHdfor
diesels, light gas oils, heavy gas oils, vacuumdistillates, vacuum

resi dua, |i ghtisayleb@rapidcemeniegasyselepicl dropi the, sravp pensitiag o atadgsohlwiliem, [ 0023]
Sel act ed 11 om TRESGr GO LY SO AU A SRRt Sty A iRt 6, °
SAPO- 17,  SAPO- df3.injefBOn8 theeRedrdd supafidated4team.

[0020] In still another embodiment of the invention, the gas injected into

the reactor is at a relative water partial pressure of not greater than 0.1

Preferably, the gas injected into the reactor is at a relative water partial pressure of

not greater than 0.01, more preferably not greater than 0.001, and most prefeably

not greater than 0.0001.

[0021) In one embodiment, the gas containing oxygen that is injected to
( the regenerator is air.

[0022] The hydrocarbon feed can come from numerous sources.

Examples of hydrocarbon feeds are selected from the group consisting of
kerosenes, naphthas, diesels, light gas oils, heavy gas oils, vacuum distillates,
vacuum residua, light cycle oils, heavy cycle oils, aromatics and alcohols.

[0023] In a preferred embodiment, the metalloaluminophosphate
molecular sieve is selected from the group comsisting 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, AIPO-36,



SAPO 35, SAPO 36, SAPO 37, SAPO 40, SAPO 41, SAPO 42, SAPO 44, SAPO- 47,
SAPO 56, Al PO 5, AWO 11, A1PO 18, Al PO 31, AlIPO 34, AlPO 36, WO 2005/019389
PCT/ US2004/ 020771 6 AI PO 37, AIPO 46, netal containing nolecul ar sieves

t hereof , aNtOAOROIABEL thereof. [0024] The processes of tRETIUSIEH{O2GIT1

i ncl ude numerous reaction systems. Exafflples are selected fromthe group
consisting of catalytic cracking reaction systens, transalkylation reaction

Systens, | somelbaaty ORI EAE! LRt SYSLA mggr:aggtsiefeewﬁmwgmay&aﬁms

al kyl ati on reactron’systens, rocr ng reaction systefrs, systens for
converting pangrédfns to ol efl ns, systens for converting paraffins to
aromati cs, systems for converting olefins to gasoline, systens for
converting ol G[P(i)-l‘& to dildeinrpeeseEs of fha ’@Hﬁntfoé?rm?:lb]ﬂ@/é‘l‘ﬁlfﬂﬁt}s HAEHPH YIS ubes,

system for  SAIMSILING BoaRalsn (8 US Bwistihe REQRATHONALGRD £EAGHT On

systens, syst e OI’ converting aro I cs? systens for

adsorbi ng ar ongétkes, traayak@sorf Ofca&@ily edybleitg, Oxytgenatien ieacabef by¥Semsyst ens
for converting oxygenates to aromatics, systens for oligomerizing olefins,

and systens f GatabBfdsaxng sysms ahalaonipentionyBems. hyiraradineagictiph one

Feacti on syst ACRF I ORs e opskted AFEER, PEMETRC A Pns Bt S HEC ct on

system circulpatdffgs td ichiaties Q@ﬁnfseﬁﬁtdo@ﬂcmﬁ%'&ﬂﬁﬁs for oz{sbﬁ@é dyeRaisOfor Syst em
[ 0025] One type of netall oal um nophosphat e nol ecul ar sieve useful in the
processes of tRmeripgelefingie digillats isystenalurProsiraeleinblodabesapysisra@r whi ch

contains Si and Al .. De bl Iecul ar._sieve ap activa

nmet al | oal um nc?ﬁﬂ eg%%tagc h%alf téﬂl?{hns &VE Opo e 0%5?’?tcgﬁ§l}1 ngm E%}fséfsg {Ora Si /A
ratio of not ghpai@he themathsdto Migeer ﬁbhﬁétl&shesy@&iﬂsV@dreddsorbmg aromatics, _
met al | oal um nophosphate nol ecul ar sieve contains Si and Al at a Si/Al ratio

of not great ersysttias @y, Snvaming oxwg@iaéﬁsqu}eﬁnsosysgerr@%f%rconmn@ opygesgieB| nore
o eer a0l nok SR, LNRES, RportiaTRR oERLSLAP P, 8 SShBt e O,
this inventi onngdt@ratddWarddarbonb o aldengdied Iiroge eRBoIMRAE BhA e AOR ¢YstdthG | 1
flow di agram of a reaction system conprising a reactor

is a dense bed reaction system, fixed bed reaction system, fluidized bed reaction

system, fast fluidized bed reaction system, circulating fluidized bed reaction

system, or riser reactor system.

[0025] One type of metalloaluminophosphate molecular sieve useful in the

processes of this invention i1s a silicoaluminosphate molecular sieve, which

contains Si and Al Desirably, the molecular sieve is an activated

metalloaluminophosphate molecular sieve, which contains Si and Al at a Si/Al

ratio of not greater than 0.5. Preferably the activated metalloaluminophosphate

molecular sieve contains Si and Al at a Si/Al ratio of not greater than 0.3, more

preferably, not greater than 0.2, still more preferably not greater than 0.15, and

most preferably not greater than 0.1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Examples of various embodiments of this invention are shown in

‘the attached Figures, wherein:

[0027] FIG. 1 is flow diagram of a reaction system comprising a reactor
unit and a regenerator, with dry air and optionally hydrocarbon oil being injected
mnto the regenerator, superheated steam being injected into the reactor, and

injection of hydrocarbon feed into the reactor being stopped;



unit and a regenerator, wth dry air and optionally hydrocarbon oil being
injected into the regenerator, superheated steambeing injected into the
reactor, and injection of hydrocarbon feed into the reactor being stopped,
WO 2005/ 0193BBOHEPES2004/ 020771 7 [0028] FIG 2 is flowrdTageeionf?7a
reaction systemconprising a reactor ufit and a regenerator, simlar to
that of FIG 1, except that an additional gas is injected into the reactor;

and [0029] FIG3 is flow %‘gl agr mof a reaction.system conpr.i.sing a . reactor
unit and a relf9h8k at or, Flfptdhis hew dagrpid g Trach SY&?PH@""EU?IB% G 5

recovery sec f Y S48 0r Fad1 theeheahesh @bl s k) ect ed
into the reac%?%gﬁé%%&%&%%%%%f PTION OF THE | N\}%NT [ON 1. Shut “Down

.Met hods to Prnfjeedd iAgathnstactoosmdof Catal ytic Activity [0030] This invention
is directed to nethods of shuthl ng,.down reaction Fstems t. hat use catal ysts

that conpri se[Ot%?]ecul ar T8 istlog A1i4ara o i Tractinm S5 FORPRYPRG5AUL
.nmol ecul ar S|e y due
o contact wi Lt gl & Edafidor 2@% 52 Beng eS8 g RO, L s TEcety

mol ecul ar si eyesdon périeireadtianlsystam] amdahé hafatafdogﬁadﬁpiganjectemmemlw IRACtSE. eves, are

susceptible to loss of catalyti cti h [ ] jvati on and cont act with
wat er ol ecul WMMM i mport ant . activated
catalyst 1s 1gfl exposephonyh MIeRRL piddet ALEMHPHAS Tof@%fa'lﬁfisA&fvu&

during shut devn or the srgniflca SS activity can
occur. [0031]oo30ror di nghiwlntvhmtmm pvargiednto methwdobf h;mttmgaiebmnrefaetam to the

reactor is stopped Wmle contacitl ng t he active caltal st . with gﬂgﬁ? er t han
feed gas, anED’Stﬁi“i‘ls a“ﬁT' eP¥r 1@t & refANPISer i ERiHg SHESc A 1”? n the

reaction systgm ;ﬁ#o éqgn Ecnﬂ’ffrt SEves! QPREN Gird h:‘ﬁséegﬂﬁ\leofo hydr gear bon
feed to the reactor % rep acerrent gas 1S inject Into the reaction
system pref ecab]lyyxct hetmqacdmar top(mnuacm wifth t Mtareanﬂecmt’mssyst%me tranmai nt ai n

catal yst activity. ]Jn general, th r epl ace nt a gas .t hat | S
non- conbust i bF’é’%lP fd’é‘ﬁ Ig"é‘é@}a\tﬁe ‘F"H% st“FYés PULEY f‘%}ﬁs Sfé’?ié‘fﬂJ @%8

such gases in i i

steam), or anff{‘%l%nb nsge{v?%ﬁa?? er!eéotw tSc{Jngf gg?g&’%%%%vﬁqwﬁgﬁg é/(%lrgg?%é %nég f eed

repl acenent gasntadtOQi3R valeanslabilss, shiielohaeniethepgs amepaentulgds importang.edf ed i nto
t he reaction

activated catalyst is left exposed to water vapor for even short periods of time
during shut down or thereafter, significant loss of catalytic activity can occur.
[0031] According to this invention, flow of hydrocarbon feed to the
reactor is stopped while contacting the active catalyst with gas other than feed gas,
and, in a preferred embodiment, circulating the catalyst in the reaction system.
While stopping or after stopping the flow of hydrocarbon feed to the reactor, a
( feed replacement gas is injected into the reaction system, preferably the reactor
portion of the reaction system, to maintain catalyst activity. In general, the feed
replacement gas is a gas that is non-combustible or non-reactive within the
reaction system. Examples of such gases include nitrogen, helium, flue gas, CO,,
water vapor (i.e., steam), or any combination thereof., Superheated steam is a
preferred feed replacement gas.
[0032] Desirably, the feed replacement gas is injected into the reaction
system so that the activated catalyst adsorbs little if any water. The greater the
amount of water adsorbed, the greater the rate of deactivation of catalyst. The
active catalyst can then be removed from the system if desired and maintained in

storage 1n an active state.



system so that the activated catal yst adsorbs little if any water. The
greater the anount of water adsorbed, the greater the rate of deactivation
of catalyst. The active catalyst can then be renoved fromthe systemif
desired anORdf¥&i8Aed in storage in an active state. WPCIOOBHIOIR88I

PCT/ US2004/ 020771 8 [0033] In one enbddi nent, the feed replacenent gas is
sufficiently heated and/or sufficiently dry so that there is little if any

wat er adsor pt.i by th acti vat.ed al.yst. Alternatively, .conditiqgns of
tenperature dwﬁle cat :[Pfé’te ,en%ggg?en%=§g? f%/e_glr eppesIsRy &3%1° sflﬁ:@l‘?"g]éfg}e?@ system
and tinme of coplACkidieMBl afy 18! BGUhiRSe Wikl tib%nﬁ‘%éwla_taﬁg)_r;?@c;nalb%’rsttheare
controlled so that [oss of catalytic activity is hot signiticant. These

condi ti ons arativaed cathlyetl Atiemhtively, vendiciohy af ethyeadtat ydtthadsalykts wakdrt tl e i f

any water. [0034 Deacti%fari]iéon of the nol ecu] ar tsfi eve is determ nefi inthis
i nvention byPHId FrEYE FRRUCY SYFIGRN 2pEAMS oTRANIESA| ooV ey Bodectleeasur e

of catalyst @G yahiAR At LASUbndtled SARYBL: SXPRASGE L ETRERAA o

relative water pressure, and water contact tinme wor in concert to
deacti vat e t hegmifidaat y TheseTdounditiohotre @xaniiedso dlat heughivaed omalyel Aisbrbe wat er
pressure general I_fy causes | ess catalyst deactivation, higher relative water
pressures maylthef#y%@éed by Iiniting the contact time or controlling the

catal yst expggp teWﬁ%@&ﬂ@ﬁionTm?Qéloléc‘afame@e o detdriliSed AUERGLOMEH! | Y
descri bes al l'owaBl e conbinations of tine, tenperature an relative water
pressure to |oymhtcatbftal ysivigeadéi VE@ADON The CAEprdvidd o aldiase Jf08Yst The
catalytic activity index of this invention is defined_as the actual

catal ytic actdeastvatign as jaresulf ol eatalyft SHRRTUre {apRRsEA IS Tl M e AL RISS M E b al vt i C

tivit bef t ' . k h I ld b
0 tor & Comptaray GARATAE RhAnp B Vigter tohes B d B0hPaye i b0 € ¢

maxi mum cat al aghingle, atthbigh ¥ .loWwOREdjve Tste icabrt igenaelly Caliges ilepdavatdl¢shl ) is
cal cul ated according to the _follow ng equation. CAl = exg(t(T)_ * f(PPwat er)
* al pha * t) degffsralipn, highen relativer welgh PErssuret mayt b yutizated Ry dEBEINg(heurs) T

= tenperatur & af, £9L 3¢ Eor(n@ﬂing the catalyst exposure temperature. The CAI formula of
this invention fully describes allowable combinations of time, temperature and
relétive water pressure to limit catalyst deactivation to specified values.
[0035] 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 0 for a
completely deactivated catalyst, and 1 for a catalyst having maximum catalytic
activity.
[0036] The catalytic activity index (CAl) is calculated according to the
following equation.
CAI = exp(f{T) * flPPyate;)" * alpha * t)

wherein

t = time of contact of catalyst with water (hours)

T = temperature at contact (°C)

PPoater = Partial Pressure of water in contact gas (psia)

alpha = -0.071

n=3.5

AT) = explea(1/(T +273) = 1/(T,+273))

ea=-5500°K



o

PPwater = Partial Pressure of water in contact gas (psia) alpha =-0.071 n
= 3.5 AT) = exp(ea(l/(T + 273) - 1/(T+ 273))) ea = -5500K WD 2005/ 019389
PCT/ US2004/ 020771 9 T = 200C J(PPwater) = (26.2 * PPwater/Psat + 1.14) *

0. 175, for WP 05/¢8938 (453K) ,/( Pwate) = ((26.2 + 0.272 PCT/USBO4/0XH)Y1 *
PPwat er/ Psat + 1.14) * 0.175, for 180C §453K) > T ? 150C (433K) Psat =
Saturation pressure of water at T (psia). [0037] In one enbodi nent, the feed
repl acement gas is.injected into the reaction systemat a tenperature
greater than or quarlﬁﬁ vater critical tenperature (i.e., 3740,

referably at | eas boyt_ r f t | east At
P y n{?’f‘ g-é@@_@? wat.._.ﬁpsgael.ﬁpabd.Ws@ dd) fggyg d(féési@s

wat er critical tenper#tture and above, ™ water canndt be I'iqu o~ water

-adsor ption by the ger|yatedaatalyst- wishl- De«mpginPzedl.1¥hena 76s no upper
limt to the tenperature, except to a practical extent of unit operations.
For exanple, a practi céir li8etpetdatireTI3 MUECi(43338heral |y one not greater

t han about 1, 000C p_rgfer_abl% not 3r[.ea¥er han .about 900C, nore preferably
not greater than Aboub2BHHED PISHIEPL RENT Bhb & W ur es bel ow water criti cal

tenperature, E@%@;{ ads OfPbh O BmbE&heRE GHE fecddAeEM&Imentloal WTRHSAIIES the
reasonably close to water critical tenperature, water adsorption is not

signi ficant. teactioresysteooal mtemperafure [geeater thasroricqwrl to Wetef evtical ¢phpsament gas
is injected into eact.i system at a,.tenperatur f at .l east 300C. In
anot her en‘ood[‘ri"en%?‘f‘;fjﬁrele3 a’q?’e%lslﬁﬁsér?g’ﬁln éQ@%Oﬁen?rg%{%&y i tl‘Bas?t‘?boPteacti on
system at a tgoper ahureudf critfeal 8afferddrGind 838] wie cheRd btaR|uRREIRHR gas
can be injected into the reaction system at |ower tenperatures. For exanple

at t enper at ur ester mdsdrptiomby ¢heodctivatehcatatyst will 56 @unisniagsb uTh@e0CRo Gppém t he
range of fromi.about e of from apout 180C

160C to about 280C, or in, the ran

o about 260Kl it e SR Pl peteH et pErER Grerriodh o

tenperature (3/Afdle, b HRadiREMtehRRIAGE TR i9a8ndrall}y Bn€ GloP drdaMrOthat Boficact i on

systemfor a tinme, and at water partial pressure conditions, that do not
1,000°C, preferably not greater than about 900°C, more preferably not greater than
about 800°C.
[0038] At temperatures below water critical temperature, water adsorption
can occur. However, at temperatures reasonably close to water critical
temperature, water adsorption is not significant. In one embodiment of the
invention, the feed replacement gas is injected into the reaction system at a
temperature of at least 300°C. In another embodiment, the feed replacement gas is
injected into the reaction system at a temperature of at least 325°C.
[0039] The feed replacement gas can be injected into the reaction system
at lower temperatures. For example at temperatures in the range of from about
150°C to about 300°C, or in the range of from about 160°C to about 280°C, or in
the range of from about 180°C to about 260°C. However, at temperatures less
than water critical temperature (374°C), the feed replacement gas 1s myjected into
the reaction system for a time, and at water partial pressure conditions, that do not
significantly deactivate the catalyst. Preferably, the feed replacement gas is
injected into the reaction system, and the catalyst maintained in the reaction
system, at conditions effective to maintain a catalytic activity index (CAIl) at a
predetermined level, where the catalyst is catalytically effective to convert feed to

desired end product. Preferably the feed replacement gas is injected into the

reaction system and the catalyst maintained in the reaction system at conditions



significantly deactivate the catalyst. Preferably, the feed repl acenent gas
is injected into the reaction system and the catalyst maintained in the
reaction system at conditions effective to maintain a catalytic activity

i ndex ( CAIWO000193%edet ent fined | evel, where the catal yWIT/VR0GE247t i cal | y
effective to convert feed to desired dhd product. Preferably the feed

repl acenment gas is injected into the reaction systemand the catal yst

mai ntai ned in .reacti.on. sys a AN

ReT Uanbods 0o6TiveTE ety Sustfie %:éﬁﬁ?gr}l&ﬁ\%%gté%@?? gﬁ@%‘??%?etri‘/blﬁf &x of at

| east 0.7. Moredprgfigseaiehy gat e infeetd il teemaitiongasstért iy ekd edtalyst o t he
reaction systemand the catalyst maintained in the reaction system.at
condi tions ef feaintpipsd ip tharaaeizom systenaehrorditonsdiecyys (P mamdain gf caglyiieast

0.8, and nost a\?\g‘felbre{n%%l{ )ég%t Fe%%tad g,teiq% & %ti \féf%yabhp g%ﬁa&f{gg&tﬁ}ivi ﬁ‘ﬁl%x %f%t. [ 00401

Adsor ption of {1 vat ed 'nolecul ar "sieve can-o | Sttuations
where the cata¢a¢sd ol s contained in the reaction systemat a tenperature

| ower than water critical tenperature and the systemcontains at |east a
neasurabl e arfB of watdsprptioneof wateg diydaativetedi molgpilan sieHe GaBROCHDAN syst em
is not considered. conpletel ry. The .a ' Ln

reacti on syst aHigions e e R i aiaREhE el Bt Baskraife st em

can be effect ijyebihateivefertngsh! teagediticnd tie dybent @halinyf 148t hepfiesder e of
the gas. [00411 Relative water pressure (Pr) in this invention is defined as

actual parti @mqyneeBweierdfe.teheondgiasy in(wipgR the feaghon egnbip nehrorudered wat er
pressure (Ps atcéﬁ%ii/eééy\éi?%\r’fﬂe LSORG V& iR %lg? Jia Eh@?e:%,'{i% 'es§§%x{1to? ri'ﬁ’ﬁ{eaite?n]{lg of

wat er. The rel pressureé 1's a measure o ness of

envi ronment i Reyyidegdent Neusagddi vattBel reh@ioAC bystdm SéRV Be | Sff@ORNtIGCHadmtintd t he
gas. For exanple, a Pr = 1 neans 100% water saturation, and a Pr = 0 neans
that the gas decwavigriotirariative watsrprestuse of @eygas. [0042] In this invention,

relative wal engprgssur e of LS, Leacllon. oL eI0t, s, [eqehdgRkagement gas,

or any ot her da n the 'Systeén cCanh fang romvery umdity

condi tions, tgadialpledurebf the veadr PRI S0 AVEELT bicQincthlel ®Ser PrédsuredRghal £, at
205C, if the activated catalyst is contacted wwth roomair (at_ 23C and at

71%rel ative EvAdicmprratym;belay the eritiedl iempre@re af vatgsar Tharelpresyatee of
0,29 pet T3 hicPa0 e VORLE 80 Rk SSaa oD
pressure beconeslefhld%idr0is contacted with the gas. For example, a P; = 1 means 100%
water saturation, and a P; = 0 means that the gas or environment is completely dry.
[0042] In this tnvention, relative water pressure of the reaction system or
the feed replacement gas, or any other gas in the system, can range from very low,
i.e., low humidity conditions, to a value of 1, saturated water conditions. For
example, at 205°C, if the activated catalyst is contacted with room air (at 23°C and
at 71% relative humidity), this air contains water at a partial pressure of 0.29 psia
(71/100 * 0.41 = (.29, Where 0.41 psia is the saturation water pressure at 23°C).
When this air is heated up to 205°C, the relative water pressure becomes 0.29/250
= (0.00116, where 250 psia 1s 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.
[0043] In general, the higher the water pressure, the greater the tendency

of the activated catalyst to adsorb water, given constant catalyst exposure

temperature and time of gas contact. The greater the amount of water adsorbed,



= 0.00116, where 250 psia is the saturation water pressure at 205C. The
relative humdity of the gas at 205C is 0.00116 * 100 = 0.116% This
exanple illustrates that one can use high hum dity roomair as a heating
medi um at wDeoevEesot enperature to provi de an envi r onnentPG¥EAUS2G4H/@0TOW
relative water pressure. [00431 In genkral, the higher the water pressure,
the greater the tendency of the activated catalyst to adsorb water, given
const ant cat St r u 0k 44 me 0 z greater
fhe amunt of Tuet i oaser By O B 05 SR b BB b0y s T e

hi gher the r akempefaticabalopsting diamt éficahiaon incNexe! whtet pessurbyar betobastedg
tenperature oy lowerin i me of conflacf[, in(ireased water pressure can be
tolerated. ¥ PPRETEdr PeWeVFRol RS erthreR HEMERE 82% OF| Hc BMARPTRHEE e at an
appropriate ﬁ.@pﬁ € SsuUff el entd.y, : N 47 ption of
wat er by the ltea ti \E/Lgtégﬁ %lgfti%tl yigt lj{:}}[ gg4ﬁ]toﬁﬁéﬁgegﬁfg%n%n%% équg%

,repl acenent gativetedcampbBsted into the reaction system or the gas in the
reaction systemis maintained, at a rel a%i:iege wat er pressure of not greater

than 0.1. In B88ther enBothenepbodippnt. thaoteed appiatearahEayBsugcked Wietited into

the reaction sySIeedh biedasin et bRubFAKLON AUSLAEA & JRIAKRIDAG At a

relati ve water pressure o greater t 1, 1 n another, relative
wat er  pr essupressnfe ofatot greast éiantthhnhDar@d@ier embddinmeny die feadrépdicemeneéat | ve
wat er pressure of not greater than 0.0g01. ,¥10045!l J n anot her enbodi nent of
the inventi onS WRECHHNREISAYIPR YRR F RS 8350 ATEAGHORSYFIGH 1§ JRARiAES

control | ed dugd %}ﬁﬁghw;g@é‘é}g?sg?é inhot‘;%xfg-t\éﬁﬁl%ﬂ 00 66 YhGther, S I%Ya%v@%%rgs

little to no wa red e iment, the reaction systemi

control | ed sopicksate efiial gystterahm 0.80undmdadedt ehothang relaeive huiterdoessupr efcedur e
soi{that the catalyst can be stored in its activated formso that activated
mol ecul ar si eY& 8¢ P9l 1 e to no water. Preferabl y, the reaction system
is controlled t hat the [ I P TNV tent of
not greater twgﬁslabout % %ﬁ%}- e%%%& a%sﬁggiagllr% 13{/311%19\% %ﬁﬁ?@%]%ﬁ?gﬂgt ed

nol ecul ar si eyfthe Macaopseftan abtontroileé dusing shatdednnol teatudcaivatcendehda a wat er
content of not, great %r than about wt % ill nore preferably not

.0 stil.

greater than SBGLAISEIDS e W noMechoBa Bypierad §B‘|R39dlﬁ’6’l"t= the EAE 1PN $XEM Boout 0.5
W % based og,fQtiad syRlaBta19l hi'e &t G P0h SGH 8bwn P& Burelddgnahut down
process IS prerera §/ ant r%?% F,‘Cg Sgitﬁf‘ldgt tﬁ%‘n\%gt er con\tvgﬁr Oe?m-e

the catalyst can be stored in its activated form so that activated molecular sieve

adsorbs little to no water, Preferably, the reaction system is controlled so that the

activated molecular sieve has a water content of not greater than about 1.25 wt %,

based on dry weight of the activated molecular sieve. More preferably, the

activated molecular sieve has a water content of not greater than about 1.0 wt %,

still more preferably not greater than about 0.8 wt %, and most preferably not

o

greater than about 0.5 wt %, based on total weight of the activated molecular
sieve. The shut down process is preferably controlled so that the water content of
the catalyst is maintained at the predetermined or desired amount during shut
down as well as subsequent storage.

IL Type of Reaction Systems Encompassed by the Invention

[0046] The shut down methods of this mvention are useful in any reaction
system that involves the use of catalyst that comprises any molecular sieve
material susceptible to loss of catalytic activity due to contact with water
molecules. Non-limiting examples of such reaction systems include reaction

systems selected from the group consisting of catalytic cracking reaction systems,



the catalyst is nmaintained at the predeterm ned or desired anmount during
shut down as well as subsequent storage. |Il. Type of Reaction Systens

Enconpassed %/ the I nvention [0046] The shut down nmethods of this invention
are usef ul M24H91%B¥act i on system that invol ves the use BETUSRURHU Y hat

conpri ses any nol ecul ar sieve materiall susceptl ble to | oss of catalytic
activity due to contact with water nolecules. Non-limting exarrpl es of such

reaction syst %Hﬁ@%ﬁ/{n&b%e ke %51' Wtk S g e bAkES ?%rgg%yngi %Qly'ﬂc

consi sting of ca I'C cracking’reaction systens,

PCT/ US2004/ 02@éwixing 2yttempsakiditian reiotioe agdtéms) }S,Adsdoemkma 08 Z3tdnoy)
reaction systens, catalytic dewaxing systens, alkylation reactign systens,
hydr ocr acki ng Sysems ifencenyertngsparalipstie micfnss S%ﬁ@%rﬁ?r PRI VBHEIGS paraiiing 40

ol ef1 ns, YS! Sl 0% SAINS! b OoRALALT LSyl Gg ALORM | CSer sy Bl SR, b

converting ol i he conver

distillate, syxdfRto RfillgeNYeteidsTar Qrotitng olléiidslﬂ@ﬁﬁ)es Systessof@hveanyerting
al cohol s to ol efins, disproportionation reaction systens, f\g;t ens for

converting arehelsde alefins HBFOROrinTAIIDE SCACHYE (SYRETH.0FYS IO 99§ vatBEmt i Cs,

oyetem o SOTMAGS OISO AR Fufers o s Bufhfly g™

ol i goneri zi ng coh@fifs , 0:BRenatey ST aldhokpnverddis, Lua@tahisr a.‘@zed:ohy@iﬁ@@ar bons
to al dehydes. More speC|f| cially, such exanples i ncl ude: [0047] A

catal ytic cradRysyass (agnathﬁb)ft@@aom%ﬂ%r BptrEes fqrgqhgomnémgr@e pméa|
reaction conditi.ons i.ncl ude rEmom ab ura %oql d{;o%ar%bout press es of

subat nospheri SYPFmE ﬁ%-spcﬁ’g?]? gélﬁgar 2t ngi ng OB“E') g?)l‘iﬁd Ore

nospher es

(gauge) and r%§éﬁﬂﬁ§1¢ytghd}pex(a{ﬁpﬁ‘@1ﬁélu@@nt act of feed and/ or product W th
catal yst) fromabout 10 mlliseconds to about 10 seconds; [0048] B) The

catal ytic cradf®¥§ of high ndibectaiytioueraghing dhaipedhirntned 1o PTP&iweriighei ght

hydr ocar bons. C congdi.tio y cra | ude
Fomper at ur 65 StRPor RSB 00 R HbT R o R S BRERr b 0. 1
at mosphere ( baidssiires aipeubatHspiomesaharspheiad cwdr@hf raddiy Ly t6 @66t 10

vel ocities of fromabout 0.1 hr-1 to about 100 hr-1; [0049] C The

transal kyl at i Gimedhaies keavge) AdiFeidensoRme) (HmeHed coptass e éedgmd/or product
pol yal kyl aromafhc. vde PEALBAZ: 107YRiS2bndG8GhLR 050 k) ons i ncl ude

[0048] 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'';

[0049] C) The transalkylation of aromatic hydrocarbons in the
presence of polyalkylaromatic hydrocarbons. Typical reaction conditions include
a temperature of from about 200°C to about 500°C, a pressure of from about
atmospheric to about 200 atmospheres, a weight hourly space velocity of from
about 1 hr' to about 100 hr', and an aromatic hydrocarbon/polyalkylaromatic
hydrocarbon mole ratio of from about 1/1 to about 16/1,

[0050] D) The isomerization of aromatic (e.g., xylene) feedstock
components. Typical reaction conditions for such include a temperature of from
about 230°C to about 510°C, a pressure of from about 0.5 atmospheres to about 50
atmospheres, a weight hourly space velocity of from about 0.1 hr'' to about
200 hr™', and a hydrogen/hydrocarbon mole ratio of from about 0 to about 100/1;



.dewaxi ng of hykResargsors Hgd ep@and wpop the desivsd gowt pain

a tenperature of from about 200C to about 500C, a pressure of from about

at nospheric to about 200 atnospheres, a weight hourly space velocity of from
about 1 hr4 to about 100 hr-1, and an aronatic

hydr ocar boWBPYUB¥y| ar omati ¢ hydrocarbon nole ratio of P¢VHMMBHER711/1 to

about 16/1; [0050] D) The isomerizatiorn3of aromatic (e.g., xylene) feedstock
conponents. Typical reaction conditions for such include a tenperature of

from about 2 o abo 51 StbBx R AR . %%lejpres to
about 50 at ni%lr es, ?)wei g F ﬁ%ﬁﬁ;@ spacegvgrggty%ngr@m%g out 0.1 hr-1
to about 200 rérfloving sidai ghthghdimogeaffiny.d The acdotion bedditismtare dgfenflemrim &gait 0 to
about 100/1; WO 2005/019389 PCT/US2004/ 020771 13 [005_1% E) The catalytic

h

( ar _ tTveieal FeagBO™f f i ns.
The reacti on r%&gxﬂjgéﬂsoﬁ&uﬁgg tg‘%@%%ag%?tﬂeﬁ&e{*%% 2@%%@&%5@%}& ﬁr&%%’?% oi"sed and

upon the desire our pornt. reaction ‘conditrons i’nc

t enper at ure bebweeoabsidtand AdGualth#5APaceay dicty e 0Qfhr ' P20 &r'3, 000 psi g and
aliquid hourléqsigce velocity fromO0.1 hr-1 to 20 hfl. [00521 F) The

al kyl ation of [#%8kati c KYdr oddewdidation of arompeilankocensas ky beresaesed, in

t he presence l.atq t R lefi f d | kyl
hal i des and a%fé{gﬂ%ﬁgénﬁé\}?htgggreg %l%gt()%u agﬁﬂlaégl’ggagkﬂtzg gr’r@%ﬁblﬁ)%?ﬁ?@é%tl on

condi tions i neliyd@aiids empelathelscha¥ing I @abhoW0 dORG domaholpidadRactiéh
pressure of from about atnospheric to_about 200 atnospheres, a wei ght

hourly space coedifens pclyfle prigRpapbe of ramiabogt BYSGtto BDOUhTODC.anpreasitar omat i ¢

hydr ocar bon/ al kyl at i agent le.rati f t 1/1 ut 20/ 1;
[0053] G The °§|¢%}Pa3$|g%g§?"sgﬂ%nn"af‘% 8%‘%?%%3?‘%@8@%8%%%‘,@ hiﬂ’z@-ﬁgfpa\‘iﬁth | ong
chain ol efinsveRclly, oEl4r@hefdbbut Typitalor edettd onorc@di kh@nsni nebmgee a
temperature of from about 50C to about 200C, a pressure of from about

at nospheri ¢ t dydissgrboalkyiating apend reale ragiondifpm bt d{lyto gpate®kl ocity of from

about 2 hflt ut 20 hr roggﬁ' rhon/ ol af | | e

rati o of froﬂ?‘g%iut 1/ %ﬂto g%lgu?pgl@?@? alc)'Fhe r"é‘@%pﬁ‘%&g’r" ggué‘g’éﬂeﬁ?ﬁg?he
reaction are Ilvatiglonghmiath aleRid, Qg ORI blefin. Wiyidal whetios Wosdiued trdcjudeud f onat ed
have particular application as synthetic detergents; [0054] H) The

al kyl ation of temparefiec oyl caionb ¥ Wi Phaliquy 00T e | BIESSuT® oprisRm d&oshor t
chain al kyl araﬂn”@s&ah&i&?o”&l%ﬂ?%o ﬁm%sphe}ég,eaaalréﬁgﬂtaﬁdu% s%];c? %Ql%gl?f 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;

[0054] 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
temperature of from about 10°C to about 200°C, a pressure of from about 1 to
about 30 atmospheres, and an aromatic hydrocarbon weight hourly space velocity
(WHSV) of from 1 hr” to about 50 hr';

10055] D The hydrocracking of heavy petroleum feedstocks, cyclic
stocks, and other hydrocrack charge stocks. The catalyst will contain an effective
amount of at least one hydrogenation component;

[0056] 5 The alkylation of a reformate containing substantial
quantities of benzene and toluene with fuel gas containing short chain olefins

(e.g., ethylene and propylene) to produce mono- and dialkylates. Preferred



wi th propylene to provide cunene. Typical reaction conditions include a
tenperature of from about 10C to about 200C, a pressure of fromabout 1 to
about 30 atnospheres, and an aromati c hydrocarbon wei ght hourly space
velocity WOHSWOES8¥rom 1 hr-1 to about 50 hr 1; [0055] HGT/PRAS4/020771

hydr ocracki ng of heavy petrol eum f eedstldcks, cyclic stocks, and other

hydr ocrack charge stocks. The catalyst wll contain an effective anount of

al | east one hydroaenat a0 CAIRORSIoLA0%Rky Inollsoplcky] abham ke,

reformate codtalni ng su i'es enzene an ol'uene with

fuel gas contpésghmofShent ablaloo akieftbdoul 80Wpsigeh WHSNVeylah fipkopydigne) to
produce nono- and dial kyl ates. Preferred WO 2005/ 019389 ngT/ us2004/ Q20771
14 reaction dbhbit foozhout A ludea tWHS&rgfarmals ¢fr Gemagheut | oo ekpuaBdit 250C, a

pressure of fram about 10 i gt [ -Qlefin.from about
0.4 hf-1to aaﬂgu?f’%t??‘gﬁ%ﬁggs g@%ﬁ;@?@ﬁr&%ggc@ﬁ 8‘%"?%%?%%?{‘%? °§{fe-e > to about 2
lu 1 and, ogpw?ggg)?/j B) gasTHeeal&l@ioh rafmuahnt Aydrod@balokls ,2bénzémd,/ Vol

fuel gas fee The al kyl ation of aromatic hydrocarbons, e.g.,
benzene, toltolumee, Xjersend dinabialsrenyitBrieng el pAgs.chai Fiolodglimdo e. g. |

Cl4 olefin, to ro I ; ic. | 0 . i I
reaction con(ﬂr?(ih{(?): & ﬁﬁ@&%ﬂa@%ﬁg‘éﬁ'f&gﬁ é?é“ﬁ?'rgﬁ@ﬁ%ﬁgc@é&%@%mh%gﬁﬁﬂﬁooC and
pressures frapnphguiresSRoRsibgut 100°450 apeitd00f©ah8 brdshurfhfroal dyleso pegof
phenols with ol efins or equivalent alcohols to provide |ong chain alkyl

phenol s. TypitedP0peigcti on conditions include tenperatures from about 100C

to about 250 essur fr about, .1 to-.300 I g..an otal WHSV,of from
about 2 -4 PEIou 2 hr - e [%Sé‘ﬁjonwc’fﬁq_ée“@gsng‘é‘#_iog%ﬁ%?f OF i gtV d W at i ns
to ol efins angédhols BrREREE thg chiRi ARV phedat.i ThpieaindhdtioaneoniifiehdFelude _
tepperatures from about 425Cto about 760C and pressures from about 10 psig

to about 2000eppeigiur¢0BEDabNgt IPAE trorhpet £10A, mressurggHoropledut Ado 880 gugol i ne,
tenper at ur ce. 9 0 SRS S FOY RS RODS bR G2 pressure of from about
100 psig to §b059] 2000Vvpsi gThd Okdrsidh Deotighwgearkifisls ot aslkfimg dndfor
upgr adi ng hydr ocar bon
aromatics. Typical reaction conditions include temperatures from about 425°C to
about 760°C and pressures from about 10 psig to about 2000 psig;
[0060] 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;
[0061] 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
steps. Either stage of the two-stage system can contain catalyst, which contains
molecular sieve that is susceptible to loss of catalytic activity due to contact with
water molecules. Typical reaction conditions include temperatures of from about
315°C to about 455°C, pressures of from about 400 to about 2500 psig, hydrogen
circulation of from about 1000 SCF/bbl to about 10,000 SCF/bbl and a liquid
hourly space velocity (LHSV) of from about 0.1 hr”' to 10 hr'';
[0062] P) A combination hydrocracking/dewaxing process in the
presence of a catalyst that contains molecular sieve that is susceptible to loss of

catalytic activity due to contact with water molecules. The catalyst generally



streans having initial boiling points above about 200C to premumdistillate
and gasoline boiling range products or as feed to further fuels or

chemi cal s processing steps. Either stage of the two-stage system can
contai n cavalyetolosehi ch contains nol ecul ar sieve that i PCAUSEEPIRZBITE t O

| oss of catalytic activity due to cont&t wth water nol ecul es. Typical
reaction conditions include tenperatures of fromabout 315C to about 455C,

f bout 40 bout 2500 i .h f
PF om about _10BBTSCRBBES<E & ABGEETIEn GBPSEdH DPURIA AR i BhEGERS s pace
vel ocity ( Lst\é)dzegflteflﬁﬁgalﬁm&gveguchlasWeblltetB%t'é]-OT gﬁcaﬂ réa@@&g]:or@noﬁs {ghation

hydr ocr acki ng/ dewaxi ng process in the resence of a catalyst that contains
mol ecul ar  si etﬂmlielnzatnres srosugmapd IBCao abodt(ér@@“(bfpresslatealﬁ;bm aboaci400insyg ue to

~contact with | ecul The y pner |1y 200-, /019389
PCT/ US2004/ 02 Ffstﬁat%‘f%gwmaé @' Prgont‘e.nj1 Pt §-BAT c GRp Sn¥ftrogen
, Optionally i ngﬁ.r ﬁ'orh'ﬁﬁoﬁ%b@d) ¥osdhout SockeRtibEr Mol ecul ar sieve such as
ypi ca

zeolite Beta reaction conditions 1nclude tenperatures from about
350C to about [60&3T, pr ey ur eFhé reantiaboeft altdiddls psitly dla:ﬁnsatmoptovﬂcﬁommsh g,

LHSVs from about O. 4toa ut . 0.6 hr-1 and a hydrogen circulation from
about 3000 toe‘E?BﬁuF g5(§1£1ﬁ)r%@tgrb met{“@‘ﬁgﬂl OEI"Héner e lé?PeBFenSIt‘meF Wi th

olefins to pr m&t RETRE r o& —Fﬂﬁg
i sobut ene and;}1 hﬂ&st?g ?eelrlér p\g prg)\e/\alm 1yl?l?etQItl ut {/l\grfé her I\/}-Fréﬁﬁ)c and/ or
t-anmyl methyl caivessior EéaME)lonsTmhrdal tenmmameglfmm abodi 20°Gn® kalmﬂt uxe°C,

tenperatures from abqut 20C %S)B 200C ressures from2 to about 200
atm V\HSV (gr BIFSSITeS TR M0 3BRR aﬁtrmzéwsy JEramp O Hnapss Jroup Stanfrzealite)y about

200 hi | and %@ﬁ!ﬂ%ﬁ?@l t 0 1 Ohtiehut Bod kg 668k of P@f focbléﬁrpmolaill?égdtra@o éjoﬂ‘l to

abgut 5/ 1; he di sproportionation of aromati cs,
di sproportl onalbcbullﬁ) I/otaushoat £/0; make benzene and par axyl ene. Typ| cal reaction

conditions include a te eratSr 8 from about 200C to about 760C, .a
pressure of 198 about Bﬁer 8PI0BORIFECE 0 rmag%‘i‘i‘étrl%‘:(b%g) §d a wHsv

of from ab Ouhm@&o};&?&n&t}&? t(ﬂQQ‘H:t toSQmPé 'b%mzeﬂ‘xg%gl] QJRJT 1@5 51169&10?1f

naphtha (e.g and siml ar mxturesto tlc m Xt ures.
Thus, normal aswbisbisghtlunge brtamednsdre ccfrfaimaﬁmhtyl{lo&@am bbxns 76()?(Efaq1re§sh15e havi ng
a boi | ng T an%te fr%g? Xl?ou%%ggéspﬁgr% to abdout 60 atmosphere (bar), and a WHSV of from
about 0.1 hr! to about 30 hr'’; _

{0065} S) The conversion of naphtha (e.g., CeCiyo) and similar
nixtures 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 480°C to about 550°C, at pressures of from atmospheric to 40 bar, and hquid
hourly space velocities (LESV) of from 0.1 hr'' to 15 hr;

[0066] T) The adsorption of alkyl aromatic compounds for the
purpose of separating various 1somers of the compounds;

[0067] ) The conversion of oxygenates, e.g., alcohols, such as
methanol, or ethers, such as dimethylether, or mixtures thereof to hydrocarbons

including olefins and aromatics with reaction conditions including temperatures of

from about 275°C to about 600°C, pressures of from about 0.5 atmosphere to



| ess than about 200C, can be converted to products having a substantially
hi gher octane aronatics content by contacting the hydrocarbon feed with a
nol ecul ar sieve catalyst at a tenperature of from about 400C to 600C,

pr ef er abl YWOr20¢H0131%8ut 480C to about 550C, at pressures dfCTFf\JW*AQzﬁﬁépherl c
to 40 bar, and liquid hourly space veI%cltles (LHSV) of fromO0.1 hf' to 15
hr-1; [0066] T) The adsorption of alkyl aromatic conpounds for the purpose
of separati “gab\bﬁfS@Hﬁndngéf% 3n@h HAR mm@%aéesvelwaﬁaﬂﬁd& aBbit (eoReRsi on of
oxygenates, e.g., alcoh , such as nethanol, or éthers, such as

di net hyl et heraboot 10 kf'yres t hereof to hydr ocar bons i ncl udi ng ol efi ns and

aromatics wt action,condjtions includi n t.ure fr about
275C t o aboutﬁgéﬁc pre or oSG USGRTZABL O 6 N‘E Ef?gls Ci‘égtcéa%?%ﬁaowssg
PCT/ US2004/ 020 {ide gﬂoﬁl g &Hto 7 ¥ a%m Q%Bﬁsatorﬁgd Phd bH&HrﬁjerB%J:W PR

velocity of froma about 100 hi';
ol i goneri zat i prododts f iz gm:essmﬂe lmmimﬁhed hehay nleaﬁhlefw}ndl alhmﬂelﬁg ﬂ‘)r bqhhabout 2

to about 5 carbon atons. The oligone ich are the uct s of
process are né‘ﬂ‘surﬁﬁto geseliny 8Fe?|%%s°\g¥h‘?m 1pe | saeky ap QrH‘BPFf'*Sfu .e.

gasol i ne or aolggaaféﬂzeﬁo@éi B Ougéﬁeﬁiy caftid GHSY atin e o)l EQ&E?Jc'LZat' on

process is generally car y ¢contacting"the olefin feedstock in a
gaseous st at einphgs®ous ttteaphst ecthl amaddcalee soavealatedyst at a dempearperainuthe in t he

range of from aboujf . 250C tao 800 abau 2 hr-1to
about 501hr'rméﬁﬂfgoﬁf89%é%%g fﬁ%\qé Z%}P%f%‘?m Brt(}tto@bqu"to about
50 atnospher T | rize

P E@‘% éﬁzﬂ}t& G }eﬁé(gc%% W‘cﬁpgﬁ%s sare 't L?%'nboﬁyo% 4o BolOowE!

the feedstoc s 1 ase en contacting the
coated zeoli itmocplmws’femﬂ'damresmmw abet A56tC mdyelmzlsﬁaddb adientantes thehe

catal yst in the I| uid phase rrperatures of fro about 10C to abqut 250C
may be used:; eﬁ'ﬁ'é’ Smslisdﬁ the ligyid phase (hen sqnigins Bisr w98ied

(ethyl ene an&/ome @ahﬁ§z§{' 386, fiindbd BEH QB 2ol detiudan Adh GOTMEN! N0

sai d al dehydes to t corréspon _ ol s, aci or esters.
[0070] In genpitaada,,tember,amtca"lﬁ;om sbaao 0¥ ©i abbuCTIIC mayrts we@r t he nol ecul ar

si eve catal yst i ncl ude erature of from about 0C to, about 760C, a
pressure of ftﬁgﬁ?]about 1 at Mo SpmEFaoy 85O %até‘b%ﬂ%?lﬁgﬁc?ﬂ’ﬂ%éﬂﬁg%@ (bar),

a and/or acetylene) to aliphatic Cs. 2 aldehydes and converting said aldehydes to the
corresponding Cg.12 alcohols, acids, or esters.
[0070] 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™.
[0071] The shut down methods of this invention are particularly suited to

—~

large, commercial scale reaction systems. For example, the shut down methods of
this invention are particularly suited to reaction systems that require a catalyst
loading of at least about 1,000 kg of catalyst, based on tota] amnount of catalyst
located throughout the reaction system. In particular, the shut down methods of
this invention are particularly suited to reaction systems that require a catalyst
loading of at least about 10,000 kg of catalyst, more particularly a catalyst loading
of at least about 100,000 kg of catalyst, and most particularly a catalyst loading of
at least about 250,000 kg of catalyst, based on total amount of catalyst located

throughout the reaction system.



wei ght hourly space velocity of fromabout 0.08 hr-1 to about 2,000 hr-"'
[0071] The shut down nethods of this invention are particularly suited to

| arge, conmercial scale reaction systenms. For exanple, the shut down net hods
of this i MEWFN3# e particularly suited to reacti on syBEBHS200H0207TIEqUI I €
a catalyst loading of at |east about 17000 kg of catal yst, based on total
anount of catalyst |ocated throughout the reaction system In particular,

t he shut dovvn hods o this | ventlon are particul ) reactlon
Systens t hat IBGHH T’ o the tatolet BHOHSRD 15 Rardrt sy et inb by o

catal yst, rmr@o skl Ohand¥cdarcad Rl thiitis lseRehtle t@fosabf R8ATHC akalty cﬂu@0 000 kg
of catalyst, nost particularly a catal yst |oading of "at |east about
.250, 000 kg oftoca:imdcysctlth Wwatse thoderulest alheapasalyst Im‘edmn@klygnlylmanemt of

t hr oughout the reacE&e gﬁ\ stem VO 20 /019389 P 2004 020771 7 [0072]
The catal yst t4s8tMPECHREFISVA Rk Tatery yoﬁ %%T%ttgem B’ies\ﬂﬁﬂ I yl:1

-compri sed of A ARhEGH! A RiBHAndfidhel MNP GER! Dl syaeﬁloéosnﬁ{segcaf Rhyti c

activity due to contact wth water nol ecul es. The catal yst need contain
only an anounabont 1 veléofrmhelenhlar sisvethat tstmﬂscembhzruodbd;syowaitzémcs atthetydesi r ed

product slate. For exa in on enbodi t he c st used in the
system corrpn@‘@stoat?omé‘én“glth RSt m@ Sfklesy ]Effsgif; Oﬁoqoéaéd’l’%l égaéalﬂ/ﬁa{n fhe
susceptible t t

nol ecul es, ba e %r%tg% e\%{el%bgL elgfcﬁ%\aé?{aa%&ﬁs?&?nlﬁt ecgegse?/rggoe\r{w\éﬂ%%n antg{%er

enbodi nent , tﬂﬂ:u@&tvﬂl%sif auseldcnlar tibes thas isemscaptiplc odsssadf dagAgic aabdyt 5 Wt %
of a nolecular sieve that is susceggl ble to | oss of catal tlc activity due
to contact wi @qvp i cetaghoVidh (e, mekeswigsobrsed Rl tofadi Wrehtos! eafplyptydy then” t he

system in an ﬁmeflifem%?jghle £S5t aDBUh o, %ﬁsela Qtﬁ%&%ﬁta&f wei ght

of { catal yst n e system In terns of feed to e syste t he shut
down net hods cﬁtalyshlmthelsyytemtl on are particularly swted to reactl on systens

bor day. Vor cltaek foul af (e 1S dfsrac&[‘é Sirec Hisaob ObH oS RRI R Bro
2t 1 east _about HBGoTEETE RS uRGE RhR ol U e el q;"%% BN
about 5, 000 btimsmgjhpumratMytabandsommqimpérlmyl Mdrypahchleﬂgtthaﬂnmtdoﬁ/ﬁ, 000
barrel s per day. [0074]. The liquid feed that, is flowed to the reaction
systemin opeméﬁhioéﬁ of ¢his invention are suited to reaction systems that are rated at a total

liquid throughput of at least about 1,000 barrels per day, still more particularly at

least about 5,000 barrels per day, and most particularly at least about 10,000

barrels per day.

[0074] The liquid fz‘eed that is flowed to the reaction system in operation 18

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, Iigﬁt 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 Ci-

C,0 monoalcohols (especially methanol, ethanol and propanol) and C;-Cy¢ polyols.

[0075] 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.



any conventional hydrocarbon feed that is appropriate to the particul ar

unit. Non- limti ng exanpl es of such feed includes hydrocarbon oils such as
ker osenes, W(F%}h% diesels, light or heavy gas oils, vacuumdistillates
or residua cI e oils, heavy cycle oils; aromati c$CSAHRHE2GEhzenes,

xyl enes, tol uenes, napht hal enes; and alohol s, incl udi ng nonoal cohol s or
pol yols, parti cul arI y Cl- Cl O nonoal cohols (especially nethanol, ethanol and

pr opanol ) and{o@é?ﬁplo POtTyO! Ractidn0Qystdmd htﬁa@%ﬁ@ﬂr%uhtcuﬁ%j pricds SySham can be

of any conventional shape or size, including, t not 'nmted to, those
cat al yst typemvamcta da)ptas@raayamryumg Opteiallat ﬁhzwnfg:tloe)swtgms @nmamnldloamy of

vari ous conventi onal r ng techni g eve

cont ai ned i n TRE ©atar ??Ef CJHBE‘E@C&’H tﬁ(‘f?‘é#j’gdn Sﬁ?%g céra}&aﬁa?elcfaﬁ%ﬁ%/ié?utﬂ‘&rtl cle
or catalyst pésaﬁﬂa{ﬂésear@m&a' ?kt@x&ls WG D Uhat d&h?ﬂ@'co?fﬁﬂg ReiAGFLNRA Wi th

ot her catal yst ticles that do not contain nolecular sieve. WO 2005/ 019389

PCT/ US2004/ ozﬁmmﬂe db8sq 0O GpacTihe sygtaws, Ored psd e‘n@tlbhastysuem@pﬂpxdnnﬂd)ddhe
processes of this inventi t ai reactor unit tion , .t.h
reaction syst@ﬁ%l%ﬁﬁséqn?ﬁttgﬁ ﬁ?‘ngFr‘a)rbég 108 SY§ s Clrgl'ﬂ%“r}ge d Bt s can
be in series pn.paf goértﬁh han- lle bt 'soaemgxmltﬁé m&é rgaﬁémmoﬁva;u%ﬂﬁ whi ch

can be shut domn ac Ing to t I's inventiion 1nclude dense bed reaction
systemns, fi xetkabitwh syeseots anl eysdetypes ifeudedérled hefdr exaapt iTh8. Baytsitades, f ast

fluidi zed bed reaction systens i.rculating fluidized bed reaction systens,
ri ser react or4§%’t7%%[,j-sa¥’atephgol g=l3§7 g%ﬁi@-&g rio?ﬂ‘i‘eﬁﬁ‘?‘%ﬁ’é’lo” Lrgheervh syst ens

and reactor typ r i e /6, 796,
U. S. Patent N%) gzmgfua(;d£2 %‘}ggiﬁ lr?gié% E ﬁgg‘lgefa}% [ zaf’l on golﬁeefll glé’ D.
Kunii and 0. Newelsq €977, Raiel tarcEall lﬁermgefnll?uhctargdﬁmmg S0 mefewayice. NéWhefor Kk,

New York 1977, V\:hl ch gre all herein. f I i ncor porate &U % ef erenc? O her
exanpl es of r BHFERRIEH 05 FEIGHRR FYSEMsqine §e?5°Fef§% ioSs Sudy @ tBese BIEEYener al | y

described in g\%ségeerg;‘%gfgfggfkeﬂ% g*zzaaztw& ;bdFFJuw cggtsnj;ﬁé,% §x§é§e4§% pages

48 to 59, F. no Reln old Pu tion
York, 1960, 51910[FJAL FenPadndnD. MNdDthfhe] GeutoR (Pﬁ.lhhﬂhlflg mmlpmmm@dew éan:ltor) and

i ser. react or J00. g bhS el O 6o S8 BT HBKRR SROFF N B poraP Uy |
Fui di od bed%%r%E‘é%is%{a?ﬁ?‘ét@?ﬁﬁ‘&‘?@?%%ﬁ Yé‘i‘ﬁ%“e@iﬁ“‘ﬂ@éﬁ%} TR
i ncl udes a r ewhichrefeymtenare all herein fully mcorporated by reference.
[0077] 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
nser 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.

[0078] In another embodiment, the shut down processes of this invention
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.



regeneration systemand a recovery system The reactor systempreferably is
a fluid bed reactor system and includes a first reaction zone within one
or nore riser reactor(s) and a second reaction zone within at |east one

di sengagi n¢02983e19389 pref erably conprising one or nore cyROGHEWAMTYne
enbodi ment, the one or nore riser readfor(s) and di sengagi ng vessel is
contained within a single reactor vessel. Fresh feedstock is fed to the one

or nore ri sergﬁ_‘eactor(s) ig. ch an_activated nolecular sieve catalyst
conposi tion i $4 nt r oducedUinggaagYn g Red 25 bodi nent, the shut down
processes of t[dm—g I nventgh0fine2lSwhak t feartid Isysteir iﬁlﬁio%st&o SACLIOR systens

that further incl dee a regenérator unit. Optiona , the éeactl on systens
_include two ohydmcabpe feeddo shaoractivntsystefhdn ordsg émeton tiior flomiof ydrpearbon
connection wth at |east one of the reactor units, preferab i,n a manner

that allows cAt%h {PSrYSEMmIBILOF CRATHRREC Bt AHDIRIAE BRACKHADH 5¢ ﬁ%ll?ftéa@@wg%nd
.regenerator. W thg%ﬁ) S3Y RldSEARAORRBL Loystkh | Ih - orshdhibodiiefio e t e

Reacti on System Ing down a reaction systeminvolves sfopping
flow of hydr dgdrobaboh ded flovingeo tkacdacon syssinefe.gl, theoredetor portishapd thdhe fl ow

of hydrocarbon feed, the syste st be mai ntajned at  appr.aprjate . .

condi tions sor%“%ﬁysf%n%‘é 8c 't‘fg]ée{:@?z]log‘/"s?p%?é En?opf%‘ii’tqrd’ﬁhl%fth? hf‘édrl%acti on
system In on i mnt , f : i t r ion
Syatom (e g, R POMRRD s b RpLOHIRTRERnicERE oWk Moot (PRPBESH. At ter

the flow of feefrntd tchompidement gaaith ¢het trderitaba the gadsiingcwt dppesdectahd eed
repl acenent gas is injected into the reactor. This gas,is referred to as

repl acement g&31Et ORESAHPBYSERARSAIIE (RS sSING & Brdrperrhemydesd: 1t e

catal yst or r I agai nst danmage, since the hydrocarbon feed is no
| omger being iqnj eck:?éldg%%%%%] I n one enbodi nent, the reaction system

contains a redqoo8s] and Inegenantidiient] the reaatitn Gudtarh emtuty aem@bctorl bed
hydrocarbon feed is flowed intp the reactor. In order tao shut down the

reaction syst SF§ENERIOThHAGEHIBER crbedinant, 1he Syiieaarben fedidHoNGd P S he
ecoLor vl e sealal ol o ST e 0BT el SRt G6 B BB o
reactor, gas (stopped fropplfiacene ittoghs redcsori white tedlysnisocitdudaté detveen tidhe gas
LoD e LY A i and Thstharalor Witle Mopping or afer alopping the How of hydrocaroon !
feed to the reactor, gas (i.e., replacement gas) is injected into the reactor. The gas

1s preferably at a temperature to minimize catalyst damage due to contact with

water molecules, and the system maintained at a temperature to mmimize catalyst
damage due to contact with water molecules. Alternatively, conditions of
temperature of the catalyst, water partial pressure of the reaction system, and time

of contact of water molecules with the activated catalyst are controlled so that loss

of catalytic activity is not significant. These conditions are controlled, within the
parameters of a predetermined catalytic activity index, so that the activated
catalyst adsorbs little if any water.

[0081] In one embodiment, gas is injected into the reactor at a temperature

of at least 300°C while stopping or after stopping the flow of hydrocarbon feed to

the reactor. Preferably, gas is injected into the reactor at a temperature of at least

325°C while stopping or after stopping the flow of hydrocarbon feed to the
reactor, more preferably at a temperature of at least water critical temperature.

{0082} In embodiments that utilize a reactor and regenerator, it is desirable

to maintain catalyst circulation between the reactor and regenerator, unless and



wat er nol ecul es, and the system nmaintained at a tenperature to mnim ze

cat al yst damage due to contact with water nolecules. Alternatively,

condi tions of erature of the catalyst, water partial pressure of
reaction sVQc’é'Pﬂ/“la tinme of contact of water nol ecul es REYWHPPHOZYLH vat ed
catal yst are controlled so that |oss éf catal ytic activity i s not
significant. These conditions are controlled, within the paraneters of a
pr edet er m nedygatal a/éta@ste}g}eaw{&ybé Ra‘ﬁ%ed $Quf ﬂmefsygtaﬁ 2Qqtdr¥AlveY, cifiRt aley St
adsorbs little 1 f any water In one enbodi ment, gas isS injected into
the reactor ateactot enecedratoecandfe laolateéabrlngcﬂGft@mlemvsltczﬁfp@dwgnct)ﬂleaﬁmter

st oppi ng the f gof h drocarfﬁon feed to éigthe react ferfg\ﬁd?/ as is

i nj ected int oS} OF”é‘aé riSqfataly§t R EmaY o At Stﬁrt'plp% Océr t oppi ng
or after StOpraE'tgrt l?’?effexlagy ﬁY‘%%aE? @Bcd66H il ABGing! BRAFHR readtBY &
preferably at a tenperature | east water critical “tenperature. [0082]
I n enbodi nment stopeat whilélmxz:elaang eatiyst batwten ebemeqcatroand rdgen@raesiMatsl e to
mai ntai n cat al yg% circul ati on between (}Zhe re%%Pt and regenerator, unless

and WO 2005/ 0RSE8bpcr (2S5DEAID FPPEIAteOAHE fyun toyregeirEqte fhe Gatalvll 1o be
removed f1om Hage éayfttﬁ@reéé ERIRALINIG il b BiPan  Rve AL T O dLagmer at or
e val o ee t he

can be isol at urtn ter and unit  shut down;
that is, cat alrmatdm&l}r mwﬁdlpaj’rismredsfoomérmge,h;sﬂrgmapémmrﬁﬁedemoda hléle
reactor. Pref erab at i into the.reactor

shut do drocarbon feed f]l ow n
is stopped whit éSYcﬁaP@GIrS‘PPHﬁi %@f?éﬁ%%ﬁ“tﬂ@?meﬁﬁfg rPé%fEIiaBg@ tigatebsbier at or .

More preferapl n&e&'ﬁ%ﬁﬁﬁ%@&%@fﬁﬁfr is operated during shut down to regenerate
t he catal yst. nerally, the regenerated catalyst will be in an active

state, and caf0i88] used Blymmdnmnglcyrcﬁlanombﬁme capalpst stweandthk aradtat @rd use,

usiing proper storage The cat aI an be rempved fromthe reacto
or regener at ofSSEFEILER B‘T g"eatt‘i’]@‘ec%?@&tpyﬁ tpRpedy @Fﬁﬁ‘éﬁ“\“ﬁ‘%ﬁrﬁ‘f ﬁ’épl’flé&éﬁ'lafr at or.

[0083] By CO”Hg@hEr Céa%dﬂagédu%aéna% %Eadnv gﬁ%n B&ufnaeah Ye and

regenerator a eed to the reactor Is stoppe continuing air supply
tothe r egeneasralbntsmd caicb dha ceatalgst medgendrated oto cthkede;gneet hiesicat al Ystomwi | |
continue to be nbust ed, and

desired. In of&P G 5Bl CABHEL C].EC&ES&IP?E)@CI%%O%E%{ %gt%%g{;ﬁ ‘?dz)boﬁ qu%?g%gﬁ?gat or is
e 1S 08,8 b 4 R L 0 0
gas, (02, anddudrigeshuvdpwn, i6initengenshiabiam, flue gas, CO,, and water vapor (i.e., steam,

particularly superheated steam).

[6084] In some instances, it may be desirable to leave the catalyst being

circulated in the system partially regenerated, e.g., partially covered with carbon

material such as coke, so as to provide extra proiection for the catalyst during shut

down conditions or for subsequent storage. As an example, the catalyst can be

regenerated to contain at least 0.2 wt % coke, or at least 0.5 wt %, 1wt %, or

2 wt % coke, based on total weight of the catalyst; and optionally up to 10 wt %,

20 wt % or 30 wt % coke, based on total weight of the catalyst. In other instances,

it will be desirable to fully regenerate the catalyst being circulated in the system in

order to keep it activated for immediate use, e.g., the catalyst can be regenerated

to contain less than 0.2 wt % coke, or less than 0.1 wt % or less than 0.05 wt %

coke, based on total weight of the catalyst. Such activated catalyst would need to

be maintained or stored under appropriate conditions to minimize deactivation by

contact with water molecules.



particularly superheated stean). [0084] In sone instances, it may be
desirable to |l eave the catalyst being circulated in the systempartially
regenerated, e.g., partially covered with carbon material such as coke, so
as to proviwdeoexerasopr ot ecti on for the catal yst during sHRAT/USGMI020TMdI ti ons
or for subsequent storage. As an exanpke, the catal yst can be regenerated
to contain at least 0.2 wt %coke, or at least 0.5 w % 1w % or 2wt %

coke, based o taI We ht of the cat.al yst opt i onal

20 wt % or BOR'\R/%‘ b coke %é"{é‘&? fgrReperelne ?X}é‘f@@yﬁgrnﬁﬁsa%{ ‘%/ry‘§?° ml’??%ot her

I nstances, i faWdnkaififs %?{?bérﬁmt@ tﬁeoregbﬂelrétof ROBHBHE: & afldR MmakALY ST cdkel ng
crrculated inthe systémin order t6 keep it activated for | medi ate use,
.e.g., the cattlnlayss apgionbidy regreneraat do cetelysont Ahis lingsaticanhah @is2cak b% coke,

or less than 0. %.or, | ess than coke, based on total weight of
the catal yst. acgﬁ’é’ﬁ 13}@%& eeﬁ‘r?,”; f"’@rﬁmsﬂgﬁ%” n e r%étoﬁ'&inﬁtrﬁreﬁgﬁ‘t& st or ed

.under appropria{/& | frg:@ﬁ'ﬁg%ﬂﬁ%e&% [Hc&h@i&tzo%s%é%é Y@at:io?”EWn 1CRARLRGTysiust h wat er
nol ecul es. WD 200, /019 /U§2004/ 020771 21 [0085] One way or'y

regener ati ng tdteicalgdpstwden te reegenadatgmerator thei gap et stal begiaj;cu:d natai ni ng

opt {onal 1y pr Beare g e e dhE e FeP IR FiPdE PPGR TP gReIE il Tgeror o °
optionally pr

acconpl i shed mol &n%ﬂs?hﬁ@&dk%&h&tﬁﬁaﬁ% @}éééﬂt Qeeeatideadiedch Qi the
regenerator and/or injectingt d replacenment gas into the reactor.

Even if the cedtalystsh ai p;efemaﬁ ﬂmdmfui stated hempdamit due theaetde ajected égfener at or,
the gas can still be in dinto rege ile the feed

repl acement gH§ TEEENSEY ng & OREE gphse}gl @agﬁb%g%ﬁ £ E‘Bﬁgﬂ?fi any
coke that may yst in a
preferred fl uwg'ﬁ %&%ﬁ arHtr eﬁfb&nﬁoﬁa& ad)%ﬁ@%gg&tpqg%&c(gg lr}‘é@?d@njl\iedgﬁ ezég ?ﬁr??% t he

regener at or i carbord enonxyige and/©8 hv&@@en. N2 pndembNdRpen2@Sencaated cata]rystdlsl ut ed

wi th nitrogen or rbon_di oxi de A and water (U.S. Patent

6. 245, 703) - ESHUER TRBR PRSI OF Nyt SERSPICT NS R SRS AR 10 Bener at ed
catalyst is roppyed . fromthe regenerator, while the gas containing oxygen
is injected | o the regenerator. [0086] I n another enbodi nent of the

i nvention, thi086a} al yst I enodheri thddmlem@@ehematemiom sﬂlﬁa:ia‘eabdt tavel nctheased

durrngthe shut down proce whi ch ano uring or a r the flow of
hydr ocar bon fE8GPF#0f ﬁ‘erarssief H’rcr‘?aée% igf“l‘fe‘9 1%'1%"%9[5 Which can ocour

during or after the flow of hydrocarbon feed to the reactor is stopped. The level of
catalyst in the regenerator can be increased to aid in final regeneration or to
preserve heat in the catalyst.

[0087] In another aspect of the invention, the catalyst can be further heated
through an external source. The external source can be by way heating catalyst in
the reactor or regenerator. To further heat the catalyst or reaction system a
combustion or hydrocarbon fuel can be used. The combustion of a fuel to provide
additional heat can be beneficial in circumstances where it is difficult to inject
heated gas at high enough temperature or where there is insufficient coke on the
catalyst to combust and maintain sufficient heating conditions within the
regenerator to further supply heat to the catalyst. As the system drops lower in
temperature, the risk for deactivation of the catalyst due to contact with water
molecules increases.

[0088] In one embodiment, the catalyst in the reaction system is further
heated by injected a heated gas into the system. The gas can be injected into

either the reactor or the regenerator. In the reactor, the heated gas is preferably a



catalyst in the regenerator can be increased to aid in final regeneration or
to preserve heat in the catalyst. [0087] In another aspect of the
invention, the catalyst can be further heated through an external source.
The ext er n®O WBUIEEcan be by way heating catalyst in thBCFE§EYP2GT!
regenerator. To further heat the catal Y3t or reaction systema conbustion
or hydrocar bon fuel can be used The conbusti on of a fuel to provide

et et oy B8 PefoetRRe LS htedcling] RIS URIGS FelhGr che hiarl] EiLiGLT | L0

i nj ect heate efatar e er € PSS ASUTT i ci ent

coke on the @@é@mgxagg&,ﬁm% oRYn "R Acededcsbtididbei€nt heating conditions
within the regenerator to further supply heat to the catalyst. As the

system drops [[B¥H in tb@ﬁ@fmudﬁ‘f@mbpﬁéﬂfﬁf skhydsecageancei, vaeh amfooﬁwmele

catal yst due to contact t.h cules,in

enbodi nent, t HE" éﬁ‘?ealnﬁglft% b Eyeie ail e fe}ﬁ vigdt digss tf“?]‘r%é’% @msdussg
injected a hea} ¢gugdhehithe chﬁgfsﬁﬁ'ﬁﬁl@%acﬁbﬁ s?ﬁémcaghch%yﬂfﬁcﬁfbbﬁ%ﬂ's bR beei t her
the reactor or the regenerator. In the reac heated gas is preferably

a WO 2005/ 0193gecteCThioggioawrde0ind a bl hfeaftfe]d’sw epl ecnbsid. gESEfel‘ablyd@QCH bed

b In th t the heat f t
oxygen, as. al J5CAGEEPPISLIS ST FDOBL L PEraop et PR A R
hydrocarbon o Aﬂredeséfﬁume@smmr M@@@kegerats@r Q&eﬂ?dro%%}{ ba is |1hﬁ!%d G® tﬁeo' X
light virgin esel, torch oil, of the Iike, 1s used to further heat t he

catal yst in treganemateri mhemystémr tBeadhvalyafr casalysiors ahhdvs haninfeetion n]oezited

t hrough nozzl s i.nto bed .of catal yst ,and .conbusted. Pref bl y

hydr ocar bon oi 1""’“’i‘“§n &E%‘H"‘i@ﬁ%%ﬂ?ﬁ%@%%?ﬁ{{g? iwﬁr@ﬁarg ﬁa‘?}éﬁl té‘f’rel Bvel
reaches a praggl ef fb R8K: tAYfhing MAtRe RS @béaeoxﬁmﬁtehyeﬁpﬁ@é&@@ tRd bill S
infected into the regenerator when or after the |evel of catalyst is above

the injection mt@z&lbeegetmmn elong|with ¢ g;sarqontauhag logyyprmndlid oil awillt eonitniseet t he
hydr ocar bon oi en t i

th t al t
o s e, Tatabthd Reat i g Feelfiol vt bR EnP g O Mo o1 s

gas contai ni ng:v@ﬁ(ﬂﬂ&rthe EREIyS Has Weéd subeaRdly or ﬁxﬁ?fe%@ﬁ(erﬂ%ﬂnt ai ni ng heat in
the reaction systemduring 'the shut down process, Teven after the catalyst

has been subst{@ffd]al | y oﬁdmum)« hﬂ@g@p@tﬁ’dﬂéd preaaehm thddatalyehwhem@ate iss
preferably provid to, t
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the system. Preferably, the catalyst is additionally heated when the catalyst
contains not greater than about 2 wt % carbon matenal, based on total weight of
catalyst in the system. More preferably, the catalyst is additionally heated when
the catalyst contains not greater than about 1 wt% carbon material, and most
particularly not greater than about 0.5 wt %, based on total weight of catalyst in
the system. In one embodiment, the catalyst in that is in the regenerator is
additionally heated when the oat'alyst in the regenerator contains not greater than
about 2 wt % carbon material, based on total weight of catalyst in the regenerator.
More preferably, the catalyst in the regenerator is additionally heated when the
catalyst in the regenerator contains not greater than about 1 wt % carbon material,
and most particularly not greater than about 0.5 wt %, based on total weight of
catalyst in the regenerator.

[0091] At certain times during the shut down process, catalyst temperature
may fall to a temperature that is lower than desired. However, as long as relative
water pressure in the reaction system and time of contact of activated catalyst with

water molecules are controlled so that the catalytic activity index does not fall



the system Preferably, the catalyst is additionally heated when the

catal yst contains not greater than about 2 wt % carbon material, based on
total weight of <catalyst in the system Mre preferably, the catalyst is
addi ti onalWg 20088889 when the catal yst contains not greatP€T/UReH/0@6GUt | w
% carbon material, and nost particulaly not greater than about 0.5 w %
based on total weight of catalyst in the system In one enbodinent, the
catalyst in that is in the regenerator_ is dditionally heated when the
catal yst in tdoV agesistamrmreddsyrlaiia satabyst %%Ptﬁwgrﬁo%mﬁc@tﬁs%’ car bon

mat eri al, bas : i f r : e
preferably, tcﬁagalgtgct %ﬁ/@b’ Ytﬁg[g ﬂ%raggég‘%gét?)g%frm‘% slﬁadt}g?t{ﬁ?%ﬁtgﬁcgﬁ ﬁétaltsetgq{ v?/nen t he
catal yst in theintfgenanid eactkondysiensionohlyos aited tilneaDthdrotde, thewhtalgtizar bon
material, and npst particularly not greater than about 0.5 w_ 9% based on

total weight afivityof shemeleculay pigve ey herans signjiveotly degctivated.aDestalées duri ng
Lhe, Shut down HEgB8Tne R Ak sl HETRELA'YERC, AR balbulay Aol GEREE B o | pot

is |l ower than as | ong wat e ure in the

reaction systsysuandtet iciiecfterapsrhmed, tif cagystigabrshigiatdiny gle réadtibn syetbsr
nol ecul es are _controlled spo that the catalytic activity index does not fall
WO 2005/ 0193801 pdimaJonaalgpie zatalyiy askyininder pdfcaborfitkifedpsired, vel. t le

| FRLaI A5V svieirsrel el the
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in the reactiBctiynséyeient o4 g Oteyreactionidiesr fcigbierato DA MASSich téiBp&atuadsyt i C
activity of the nol ecul ar sieve maé becone significantly deact] vated.
Desirably, afortimatpBeaieuthas about g dwars. t asferabbuthaoadyshoemaisime: theul ar | y
not greater than bo r..gritical,. eratu at st 1.8

mai(nt ai ned | nact%ﬁ’ te?e’g(%:g{ef%x%} gl;?g ellrsn ﬁl%g{ralr;?%t”? tn%&%o{eﬁn’&ie%ﬁqgrie% lflﬁ%gcrg?gfoyt ic
activity indexstdn @r Adtopeattn thatlestionedsh ek, mlofe paEBRBBH nott HeateA itainy St
containing the activated nolecular sieve is maintained in the reaction
system (e. g. ,2hoNé 108&ewssonInather gmbodigesés, dhecatahist copeinng: the agp@tedt ur es
for not great B1etc{}ﬁps%99% mi%‘?aiﬂé’dlﬁ&heplfeg&%g%g) tm E{;ﬁ*cﬁ%&#éfrgﬁu&oﬁ%' m ng
the activated nolecilar sireve 18 maintal ned at sue enperatures n the

reaction sysitem D@1 Hoaf togitpat 80 hbieordeH tabdm00. Nouisto dvuesPhaferadl y not
greater than about 100 hours. In other enbodi nents, the catal yst containing

the acti vat edmorfopPederably Botegisaters thal pbatngdhouss (iezhoahdihenrssgs @baittat such
tenperatures fgom :Jr%g"{fle Qo N0 Yeat-d BPARr2RnipRikes, Ahe (caRsPROYY,0- 1 hour

to about 50 hours,
maintained in the system indefinitely without significant reduction in catalytic

activity as a result of contact with water molecules.

IV.  Unloading and Storing Unloaded Catalyst

[0092] If shut down becomes extended, then it is desirable to unload the
catalyst from the reaction system, e.g., from either the reactor or regenerator, and
store the unloaded catalyst. The catalyst can be unloaded in any conventional
manner. For example, openings for unloading catalyst can be located directly at a
bottom portion of the reactor or regenerator, and the catalyst unloaded through the
openings. Preferably, the catalyst is removed from the reactor or regenerator after
the flow of feed to the reactor is stopped, more preferably after the catalyst has
been regenerated to the desired coke level.

[0093] In one embodiment, the catalyst is kept hot during unloading to
minimize rate of deactivation of the catalyst due to contact with water molecules.

Desirably, catalyst that is unloaded from the reaction system is unloaded at a



nore preferably not greater than about 24 hours or about 12 hours or about
6 hours. As the systemis heated to higher tenperatures, the catal yst can be
mai ntained in the systemindefinitely w thout significant reduction in

catal yti c wacioydysdas a result of contact with water nol eCuiuss0siMinT71

Unl oadi ng and Storing Unl oaded Catal yss# [0092] If shut down becones
extended, then it is desirable to unload the catalyst fromthe reaction
system e.g., fromeither the reactor or regenerator, and,  store the

unl oaded cat alSfaReramIReOl- 3l lgps) apogly O(i)@ Hmfgg‘a@oatialﬁaséﬁ?‘) o?%ﬁeﬁt%t AReh B19TC ranner .
For exanpl e, ﬁfé‘?%}'hﬂg%tf&ﬁt%éﬂﬂﬂfcﬂﬂeﬁﬁ&ﬁbﬂét can be located directly at a
bottom portioh of the reactor or regenerator, and the catal yst unl oaded

t hrough the @84} ngs. Rsahecadkllyyt,is thipadat biyshe reacticnoiseth, fir emlideé im eact or
or regenerator after the flow of feed to the reactor is stopped, nore
preferably af E&PniaHer &of spyag O’rﬂ%nsl’%eﬁmee‘ii’@ﬁ}é?téﬁ lgradoon Hansgedsd &y thebke

| evel . [0093] e a=Ta aloistic Iasrkapindhet rdy l,padi ng
to mninmze Fﬂﬁ%ﬁgﬁotﬁgﬁtd\/ﬁgﬁgﬁh%fﬁ% ca?e{‘fyast1 §3en tg' c}f)grllltéégltglp\/}g?tah wat er
mol ecul es.  Desupeadiines windralwesdr adsatption wntleasteryafed crmtdl e queamiciiofe.system i s
unl oaded at a WO 2005/ 019389 PCT/ US2004/ 020771 24 tg Er géuore of at |east
about 300C, pPeloErH#eycHical EaPeraigs fuch 2500t gpichin 5{% e£e) SANORIC) east
water critica : I Sl he
Feaction syst e GRS 2 b of Hbr 1 AEER Bkl St RUBLLLAGRE 1° 11
catal yst is sOO, erkferabliyraaicapdr.§,edd swrt patferabliyar Rait).ot a subst anti al
reduction in catalytic activity index. For exanple, at tenperatures where
wat er adsor pt i¥fi93by t he [a@pother @nbedimant af the dnvegen the gogtainer for) dovaght er
critical tenp e, Ofon&BOG) 1he t hE
catal yst is st%%)?}éigg orTt ?#bg{ryggg‘}l@%y%gﬁgﬁﬁgil n é%glgt%ael %ﬁggﬁa@tl Vi t%? tPehdex of
at |east 0.7 activatddesiadd. ySwah dneasirofim8nt @nchenmoeidpd f ebadling fie dedaseéd 0. 9.

[ 0095] In another enbadjnent of the invention, the container for storage or
transport provicdedoadedatis dr sRaBE PBNAEHS Plotiauideblanket) yader SHAYEPHS ng t he
activated sie : h i t rQyi - J:

activated si ég%dlﬁ’%&gsdejggpﬁ)? gdeg%gggﬁlgat}j%g@l)&??ﬁ %ﬁ{ é)ggq%lr yl?l%g%”?g) IIE?%‘?] et under
anhydrous comgbré A lirAgepamvined waesteThe ahlneiranpyed biinkegas terprovided d

bl anket will have no nore _than a |limted anmount of water. The anhydrous gas
bl anket can b&NBFrGi#FEER conditions or under atmospheric or greater pressure conditions, and

will desirably have not greater than about 1.2 volume percent water, preferably not
greater than about 0.2 volume percent water, and more preferably not greater than
about 0.02 volume percent water. The anhydrous hquid blanket will desirably
have not greater than about 200 ppm water, preferably not greater than about 100
ppm water, and more preferably not greater than about 50 ppm water. The
anthydrous environment can be applied during storage, transport or loading of the
activated material.

[0096] 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 at least one gas composition selected from
the group consisting of nitrogen, helium, CO, CO,, H;, argon, 0., light alkanes
(especially C;-C4 alkanes, particularly methane and ethane), and cyclo-alkanes.
The gas blanket can be maintained 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.



under vacuum conditions or under atnospheric or greater pressure conditions,
and will desirably have not greater than about 1.2 volune percent water,
preferably not greater than about 0.2 volune percent water, and nore

pr ef er abl ywibtoogpas%r than about 0.02 vol une percent waP&r/uSIheormntydr ous
liquid blanket will desirably have not?igreater than about 200 ppm water,
preferably not greater than about 100 ppmwater, and nore preferably not

greater than 50 ppm water.. The. anphydr.ous. envifonnent .can. b pplied
during stor agi@%ﬁ anspp&g]comyéié(msngl%‘f t HAKEL 15 VAt éﬂmﬁgt“@p?rals.mﬁﬁﬁ%] The
g t € fons,'aad ‘ddesInot t 1 ant-aoy
anhydrous gasRbiele 4ndl Red8R dSRERIONS (A8 HRESnGERL 18 HY @ PApEUr €
condi tions and does not react to any significant degree with the nol ecul ar

_si eve structumath fihengjesnlirssipreeftorcabby T ligadis prefergbly atdegdone ilignidsel ect ed
from the group consistin nitrogen, heliul 2...argon, 02, |ight
al kanes (es p§&13q$t§ondq1@ged;{xﬂxgﬁég, Brcﬂl;q}ﬁf%rqff%tega%%géﬂh”@gﬁgﬁg % and

. cycl o- al kanes gropies 988 aRoANK Sars@larReC ikl ded 8RoRSIsaNy pressure, including
under vacuum or at pressures above standard, even if the gas becones liquid

at pressures M98 st afdanatherasniodigerdof thveineentont isrmtalystreambastoyadr ous. WO
2005/ 019389 PCT/ US20Q4/ 020751. 2i gﬁ%ia?% The anh%dr ous quutild bl‘ggéget is a
liquid under &4 SYPEHH BFGREI AcCIENAUE 288 ur R0 Y SHAIFT: YRS, thalnge not
react to any §hgnhfi ' 88 clotkd Bystdy | e RPriRb ® EAthGEWetng The
liquidis pr e?}elg’%]ll{/e%?&flggg{ or?ledg}ei % d?wggrrposi(%&on s\gleﬂelit etdgrftr gmgt he
group consi st istogedoiin the lsgsten, Hywtwradikantds ,syGem a8 losad,omdy intisima ndatal cohol s,

particularly C4+ branched .al cohol s 0098] I n anot her enbodi nent of the

i nventi on, ! ot b gpred e Saghs caﬁlﬁallf-’amﬂmlea?l yEmagE Raficngrpased
circul ating 9@salyANY M8t Wuch 3RWm WhRld Wokthd b9 8oaddid gétﬂ@leh%aﬁ%ﬂi Blto@k i n the
cl 6sed system woul d be adsorbed by the catal yst being stored in the system

However, si nceysdme dysbeths sysetoseldgiraitdting nhagaseh thatsestemwdintfdrabty, desor bed
by the catal yst,. causjng only ninimal damage to.the exposed , catal.yst, if
any. Such. SysEEMSVIGN B0 e KW MEAHGT ot FHIAd SAbakySInE §f Hire
system cl osi %gs ECeSHP L&V ARhat bIowHESSH O rQs%oﬂ?SAﬁﬁgéshtﬁatSd’&e%%} reagt

Preferably, t gas I's circulated so as to keep the catalyst in a 1luidized
state. Circul &t ianp sifgnificent degee antlbehbymclemianticynatinischoweran be used.

conpr essors. éng gﬁs tfhathdoes not react to any significant degree with the
nol ecul ar si ev&EPleaf Jush EasesyCipda pXysen containing gases (e.g., air), nitrogem,

helium, CO, CO,, H;, argon, light alkanes (particularly C,-C, alkanes, especially
methane and ethane), and cyclo-alkanes, and any substantially non-combustible
combination thereof. Preferably air is used as the circulating gas.

V. Types of Catalyst

[0099] The catalyst that is used in the methods of this invention contains
molecular sieve material that is susceptible to deactivation due to contact with
water molecules. The molecular sieves that are included in the catalyst or catalyst
mixtures are preferably metalloaluminophosphate molecular sieves that have a
molecular framework that include [AJO4] and [PO4] tetrahedral units, such as
metal containing aluminophosphates (AIPQ). In one embodiment, the
metalloaluminophosphate molecular sieves include [AlO4], [PO4] and {SiO4]
tetrahedral units, such as silicoaluminophosphates (SAPO).

[0100] Various silicon, aluminum, and phosphorus based molecular sieves
and 1metal-containing derivatives thereof have been described in detail in
numerous publications including for example, U.S. Patent No. 4,567,029 (MeAPO
where Me is Mg, Mn, Zn, or Co), U.S. Patent No. 4,440,871 (SAPQ), European



Exanmpl es of such gases include oxygen containing gases (e.g., air),
nitrogen, helium CO (€02, H2, argon, |ight al kanes (particularly C-C4
al kanes, especially nethane and et hane), and cycl o-al kanes, and a

subst ant i v 00sene38dbusti bl e  combi nation thereof. Pref é’ﬁ%‘ﬁ?"%’“@“?{’% used
as the circulating gas. V. Types of Caftal yst [0099] The catalyst that is
used in the nethods of this invention contains nolecular sieve materi al

that s suscepbi g, AAE X3 | O AEr WPRORAIRIEML UL pabery 78] el es.

The nol ecul ar “sieve at are i ncl'ude the catalyst or catal’'yst ~ i xtures

are pref erabl GenBe, aihl IS@ IR rfnphdsphm&e Pmahelﬁul 455416y €Be APQY, UhAvRatents

nol ecul ar franmework i_ncl ude _} 104] (h (’;HJ tetrahedral units, such as
€

metal cont ai nNﬁ’g”f&PuﬁVﬁo‘bﬁ%%Wat‘*eém(Sﬁls F%}AP 3R FreAdtrbotiPheard Uph Patent

met al | oal um n@ph _ S| 04]
t et rahedr al uﬁﬂ%t g@gg’ggﬁ(as Si ?i g%a B%%g%g%gg%ﬁg?g&A%I%%L&lk?%%%? grl ous
si licon, al unmwhdra EBMCQhE@,LMQ,rMa ’Da@enl)nULSaManl\m &\ 9,44aAIPO4), EP-
net al - contalnlna derivatives thereof have been described in detail in

numer ous publ i tlﬁ%ﬁéou(q?\EN@é’Sﬁlj Yot FaternIp 4903400 HaEMONY.:S- 42587 No29

Eur opean. Wo 2008701838 B €6 0BHFIOAY 1% Th kA SON i PAERREATG) 150
624 ( ELAPSO waess, 167 (GGAHSO) BE.S. Bat&ht, N&c 5,058 29SG®AFSO) LUS. NgatelNhNoTi or

Zn), U. S. Pat tNO 143 FAPO US Pat e 478
s o174 SAmS8E (CHARMaD U S Peiabs Noseh 5950 Lhand 285 1ARedbr AR, U3, 035,216

(anse20 o PACHLIES, ST FR lihth (AT BRSO,

(SENAPSO), U. BatelalNen,s N1 4A(FRAPHS0.S PadSD., 4 89§2IP@4§5G!SCNQUS LPa?eﬁB 535
(LiAPO), U.S. Patent No. 4,992,250 (GeAPSO), Pat e SS, 167
(GeAPO), U.S. Noatdétis 888, (A5AF%), Bo% é@ﬁs@p 4;16@ 096 o650, and447%%8§337

Nos. 4, 758, 41 EAPSEY b Pufyd s A M AT o Bt DIRET) yss Pacpl T ©

No. 4, 554, 143Nd:eHB®)353@5APS’GD ans. MaentNSBAR4D5F0((BsAPE)) U.SJPatenSal®ent  No.
4,913, 888 (AsAPO,, U S. Patents Nos. 4,686 092 4,546, 956 and 4, 793, 833
(MhAPSO), U. S4883:380 éﬁﬁ&é”sarghé 889.526{d14P9GE, U Yaemedyos. 4, ¥0.654 ent

No. 4,737, 353 ((53§AR8nd 4,505, 164 RiaRS), G:74Bad NECADR)4 544 Sy 7RRbEPLS Nos.
(CoAPSO), U.S. Patent No. 4,735,806 (GaAPSQO) EP-A-0 293 937 (QAPSO,
where Q is framework oxide unit [QO2]), as well as U.S. Patents Nos. 4,567,029,
4,686,093, 4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,952,384,
4,956,164, 4,956,165, 4,973,785, 5,241,093, 5,493,066 and 5,675,050, all of
which are herein fully incorporated by reference. Other molecular sieves include
those described in R. Szostak, Handbook of Molecular Sieves, Van Nostrand
Reinhold, New York, New York (1992), which is herein fully incorporated by
reference.

[0101] The more preferred molecular sieves are SAPO molecular sieves,
and metal-substituted SAPO molecular sieves. Suitable metal substituents are
alkall metals of Group IA of the Periodic Table of Elements, an alkaline earth
metals of Group ITA of the Periodic Table of Elements, a rare earth metals of
Group IIIB, including the Lanthanides: lanthanum, cerium, praseodymium,
neodymium, samarium, europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium and lutetiumn; and scandium or yttrium of the Periodic

Table of Elements, transition metals of Groups IVB, VB, VIB, VIIB, VIIB, and



4,801, 309, 4,684,617 and 4,880,520 (Ti APSO), U.S. Patents Nos. 4,500, 651,
4,551,236 and 4, 605,492 (Ti APO), U.S. Patents No. 4,824, 554, 4,744,970
(CoAPSO), U.S. Patent No. 4,735,806 (GaAPSO) EP-A-0 293 937 &éﬁpso where Q
is framewoMe WHeE38ni t [Q02]), as well as U.S. Patents NYsT/U06¢020729,
4,686,093, 4,781,814, 4,793,984, 4,8012364, 4,853,197, 4,917,876, 4,952, 384,
4,956, 164, 4,956, 165, 4,973,785, 5, 241 093 5. 493, 066 and 5, 675, 050, al |l of

whi ch h ul
el ude t nost® A6 LEabiadt FBE SEEGERS SERERERoCAbNEr B BRHHeeBL " Van
Nostrand Rei phehecbm BN the ohayy 1?(@61&t&c11§&ﬂ)the gﬂvug Rohsisthey &iab, Tyl ¢w

incorporated by reference. [0101] The nore preferred nol ecul ar sieves are
. SAPO nol ecul aFestavias, Mgain, et &in, Jubse and Zed aghpoxtsscbareaf. Jhewestal

Sui t abl tal substjtuent k |'s.of Group I A of .the Periodi
Tabl o of Bl enBATG SaH B RAIRL 8 [ TRBLAPE O CPoUR EATSYe (HETRLA odic.

. Tabl e of El enpibafiedrd fiflf, SuchBst MR @fry a@ePbRarkd H&Jenliﬁ@dﬁdchélgaléﬁt%
Lant hani des: [anthanum "cerium praseodym um neddym um —sanari um

eur opi um gadstafenifuhg mtegal sbbstitucdy.s Prostample, holone wmbod andsit,uwhert tha imagah

ytterbiumand |l utetiu and, scandj tr|u of t Per i adi c bl e of
El ements, traftdsHivgH H%&t%vglegcfe & ‘gt]s% IOB 6{:/‘?]il%ne af@ %ﬁi‘?

2005/ 019389 Pl hR0Q4410284 ¢ ten 2 ankBrof the Perl odi c Table of Elenents and
m xtures of any of these netal species. 1n one enbodinent, the netal is

sel ected froni@lfe] gr ouphomsi:mb@di@emt tk@anet@lloalﬁuillomﬁpha}a,m@equlm,ievm, Ni ,
Sn, Ti, Zn and Zr, an mxture r eof 5 al atonms may be inserted
into the franBVBFRSege @J&ll}’%é gﬁagé’é’ytth? tetrahedral unit, such as
[Me02], and carry a net charge depepgimgAQPp,jde vaI ence state of the netal
substltuent For exanple, in one enbodi ment,” when the metal substituent has
a val ence st awbemwin R repiesenitscl at HBast owne+&,mn1:ktmgqe1gemhamg@rabiy taneorgaeicr ahedr al

1 bet -
o | el ot e SR REe e ar Armbity dio FORE e Btk b M0 B ous
basi s, by thendsor atkatioft (M, pRtRBL R0 wbers MoR greRimseibh Gl d.agt one

tenpl ati ng agent, preferably ‘an orgdnic tenplating agent: mis the nunber

of nol es of Ry, pmrl zrepresapf thevkaleiRch@Rolanl Prand M as tetrahedral oxides, where M
is a metal selected from the group consisting of Group 1A, A, 1B, TIB, IVB, VB,
VIB, VIIB, VIIIB and Lanthanide's of the Periodic Table of Elements. Preferably
M is one or more metals selected from the group consisting of Si, Co, Cr, Cu, Fe,
Ga, Ge, Mg, Mn, Nj, Sn, Ti, Zn and Zr. In an embodiment, m is greater than or
equal to 0.2, and x, y and z are greater than or equal to 0.01. In another
embodiment, m is greater than 0.1 to about 1, X is greater than 0 to about 0.25, y 1s
in the range of from 0.4 to 0.5, and z is in the range of from 0.25 to 0.5, more
preferably mi 1s from 0.15 to 0.7, x is from 0.01 to 0.2, y is from 0.4 t0 0.5, and z is
from 0.3 to 0.5.
{0103] In one embodiment of the invention, the metalloaluminophosphate
molecular sieves contain silicon and aluminum. In general, lower Si/Al ratios lead
to lower deactivation rates and higher ACIs for a given set of conditions.
However, higher Si/Al ratios can be used under the appropriate conditions of
temperature, water partial pressure and time of contact with water. Desirably, the
metalloaluminophosphate molecular sieves of this invention contain Si and Al, at

a Si/Al ratio of not greater than about 0.5, preferably not greater than about 0.3,

more preferably not greater than about 0.2, still more preferably not greater than



has a value fromO to 1, preferably O to 0.5, and nost preferably fromO to
0.3; x, vy, and z represent the nole fraction of Al, P and M as tetrahedral
oxi des, where M is a netal selected fromthe group consisti{?%% of %oup | A,
1A, 1B, I MBXPUERYE  viB, VIIB VIILB and Lanthani de' § It VPHE BEI T odi
Tabl e of Elenments. Preferably Mis oné®or more netals selected from the
group consisting of Si, Co, C, Cu, Fe, Ga, G, My, Mr, N, Sn, Ti, Zn and
Zr. I'n an enbodiefis  Mhi SmPLEPtErab@RoP gresfG dlant It 20.12NdmX andingnd 2z are
greater than or equ'a?’ to Ol.ngl.%l " anot her gmc"earrbodiaglrent, mis gr eater than 0.1
to about 1, xembodyment e¢he S r@tic & atfbcentl; Bigh tp dlbw far ihtreasednpeatptic f rom
0.4to0 0.5 and z is.in the range of fromO0.25 to 0.5, nore. preferably mis
from 0.15 to eWIYxpE theomoley Tt ¥ 2, i)){/‘ﬁﬁi:“ré‘_élfyvo 'Qm&t"’tHBa](B‘F"SPO@HEP %5s” from
0.3 to 0.5. [g%%%hlah%iévgg C%F{B ITeRy &1 of RerdifdVENG! st kH&t 0,00 , more

met al | oal um nophosphate nol ecular sieves contain silicon and al’umnum |In
general , | oweprefirdbA at Rhstebolitehdl, ahd nlostyaelfetkebdy bi leat blosut Od2es and hi gher
ACls for a given set of_conditions. '%?er Si/A_ ratios can be

Ho h
used under thE18pbr opri %E’lmgﬁﬁ%gle%gfgﬁe‘égﬁéh [P anolgenlarsigygs upel
pressure and hérﬁl‘;nsigglgtﬁg%ﬁr}gﬁégu Jlbilfcfor SBRO152RP0-EN8APO-11, SARO-1

met al | oal um nop sl eves 0 ht s 1T nvention contain and
Al, at a Si/AAPOalT,0SaPO08, Graddl-20, SAPD-AhoGAFD-34, PAHEBALISARDB6r eat er
t han about 0.3, nore pref er\e;\%ll%) not %reat er than about 0.2, still nore

preferably nobA§Peht e SAPRAAD §0510 PISEHIBCPALE 664 ST FT], SAFQBut 0. 15,
d t f | h t i t, th
A, 00 Bt 0 LS DTN b, S okt

of the nol ecubmd nsstalvéontRnipemaldcylar tshwesrelicrbd fOAlQMihBe Hasitiddryy usahecul ar
si éves contain Si and Al at a ratio of at |east about 0.005, nore
preferably at MOKAYRT Sisyas 2 One OamdcoRinatinmepk SABO0) 1%t SARASH, ARN-36. 02.

10104] Non- I i @iybin 1S 4 A SAPQEN i |

nor i n | ol uas 0o, ST AR Q- SR e ARL RN LRE SHENERS YR
SAPO- 17, SAPOsiB, asSARG28 cofdR@1idil ,of SATD-34, SARP3B SSAIPEARE BF0-1§AB@ 37,
SAPO- 40, SAPO 41, SAPO-42, SAPO 44, SAPO 47, SAPO-56, AJPO-5, ALPO- 11,

v

ALPO 18, AWPCTSEE! cApiagsing denyvpdyesethorsphang7espaaiplly £8e orafFomiBAIB0A ai ni ng
oL ecul 51 XRRCHET R N R ol coul e st eves
[0105) In an embodiment, the molecular sieve is an intergrowth material
having two or more distinct crystalline phases within one molecular sieve
composition. In particular, intergrowth molecular sieves are described in U.S.
Patent Application Publication No. 2002-0165089 and International Publication
No. WO 98/15496, published April 16, 1998, both of which are herein fully
incorporated by reference. For example, SAPO-18, AIPO-18 and RUW-18 have
an AEI framework-type, and SAPO-34 has a CHA framework-type. Thus, the

—

molecular sieve used herein may comprise at least one intergrowth phase of AEI
and CHA framework-types, especially where the ratio of CHA framework-type to
AF] framework-type, as determined by the DIFFaX method disclosed in U.S.
Patent Application Publication No. 2002-0165089, is greater than 1:1.

[0106] Generally, molecular sieves (i.e., molecular sieve crystals) are
synthesized by the hydrothermal crystallization of one or more of a source of
aluminum, a source of phosphorus, a source of silicon, water and a templating
agent, such as a nitrogen containing organic compound. Typically, a combination

of sources of silicon and aluminum, or silicon, aluminum and phosphorus, water



SAPO- 44, SAPO 56, Al PO 1S, A1PO 34 and netal containing derivatives thereof,
such as one or a conbination of SAPO 18, SAPO 34, Al PO 34, AlPO 18, and
nmetal containing derivatives thereof, and especially one or a conbination of
SAPO 34, MI®E®I98hd nmetal containing derivatives ther eSFT[B4B4PYTh an
enmbodi ment, the nolecular sieve is an ¥ntergrowth material having two or
nore disti nct crystall | ne phases wi thin one nol ecul ar sieve conposition. In
particul ar, i fiesa GWdrd Rt o%hﬁvﬁsplﬁéé%l ﬁ'le§%5d1&?9rds§hryv§ssei Patgnt
Application Publication No. 2002-0165089 and International Publication No.
WO 98/ 15496, ymshdl istpudniiy lmecﬂﬁ;th iﬁ)%ﬁ Hattie sofh ahpaditetnBudreetbilend, wnty

i ncor por at ed by r.ef ﬁrence. exanp APO- 18, Al PO- 18 anﬂ RU\N 18 -have an
CAEI framewor k2 ISP o SRR (PP BGTALER ol perystefline materal

nol ecul ar si eye [ e e ase of
ABI and meﬂ%rg&n@&%r‘é’%%@pgﬂ%p%@% e aggﬁaf*."%ﬁo S R

f ramewor k- t ypéechmtingAElI fr amewor k-t ype, as determ ned by t he DI FFaX net hod

"disclosed in U S . Patent Application Pu cation 02-0165089, .is
greater than [?'1%] [010 ’G@Hﬁ?% FVmPR%ﬁ %’Eﬂ’“&?‘l §‘?Ué9ﬁ§§n?1i‘ %Sﬂlcﬁﬁ?’et%‘megr si eve
crystals) are silic Thr @f‘d[nﬁﬂg Rxmgheo@mm&bh@mﬁ{ D%ws%a%&' 3@k 9Rrefnage or
more of a source’o m num a source of phosphorus, a source of silicon,

water and a t€of, atamg @YBAD-SIBUCM-As aorgartostigen ccmtlmlmdng Mcganlae

conpound. Typical]y, a conbination of sources. o .con um or
silicon, al unteHerKAAAROMSSHRor 195, SURIERIF \VIBraBesY 9%30 fﬁﬁé%dzuae 0771 29

and one or i csel
The vessel ml)t;ﬁ.oéptg ﬁt?%lmgfeaglgp\% hﬁ%ﬁh?%g%ts &I %Stl o suBEIES%%%U&QIEMfe
pol ytetrafl uofooeéﬂmyd;ﬁmeLumd{Shéabcﬂdamﬁere drom yEfaldui Pati ale Nemssmw,e and

tepperature, until a crystalline material is formed, which can then be
recovered by Wﬂ@m&t@ﬂdﬂela‘é’éﬁt ?111?196‘é€1|°5ﬁnh?fa?]é‘ﬂamﬁ’éégﬁ?f ng. [0107]

Non- | t I ilica,
o exampl o, JAPRi |- 2000 R Al FAE - e RADELUAR RbobSafion MRS Lork

and CAB- O Sl Lalbhdesp f@anagipld mlonnmmmpmxﬁlacﬁummum phosphate, aluminum
tetraal kyl ort hosi | i cat es for, exanp %[ft r amet hyl ort hosilicate (TMOS) and

t et r aet hyl or tHEEP¥ifG arsed ](‘WEOS}}-‘m%‘F’I GHSH o-kqehyTigs  gbb sitfucdis WEH@HE ons
thereof, for,eXREAL ol Y Xotifmdlor tlerdtal hallrbeditAMdarde of YBRmAS

Nenour s,

pseudo-boehmite, particularly when producing a silicoaluminophosphate
molecular sieve.
[0109] Non-limiting examples of phosphorus sources, which may also
include aluminum-containing phosphorus compositions, include phosphoric acid,
organic phosphates such as triethyl phosphate, and crystalline or amorphous
aluminophosphates such as AIPQ,, phosphorus salts, or combinations thereof. A
t convenient source of phosphorus is phosphoric acid, particularly when producing
a silicoaluminophosphate.
[0110] In general, templating agents or templates include compounds that
contamn elements of Group 15 of the Periodic Table of Elements, particularly
nitrogen, phosphorus, arsenic and antimony. 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 8 carbon atoms. Prefemred templates are
nitrogen-containing compounds, such as amines, quatermary ammonium
compounds and combinations thereof. Suitable quaternary ammonium

compounds are represented by the general formula R,N', where each R is



W m ngton, Delaware, silicic acid or any conbination thereof. [0108]
Non-limting exanples of alum num sources include al um num al koxi des, for
exanpl e al um num i sopropoxi de, al um num phosphat e, al um num hydr oxi de,

sodi um al uwionPE)19p8%eudo- boehni t e, gi bbsite and al um num PEFUEHR4PIEE, or
any conbi nation thereof A convenient sdlrce of alumnumis pseudo-boehrite,
particul arly when producing a silicoal um nophosphate nolecul ar sieve.
[0109] Non- | iyist i S i i ncl ude
a1 urt num contSEieR8 EHOTRERIR oF ORRAREY SuhBLE Aarolly AOrcRYy B 3801

or gani ¢ phosphaies sueil @sufd hdvidhfrdbmpahesphaien atdigs.crystal | i ne or anor phous
al um nophosphat es such as Al P04, phosphorus salts, or conbinations thereof.
A conveni entl05ddr ce ofNghmperexampiespdspnbiascngluie) tetiale] ammaniymwhen
producing a Sili | um. noph 1 ner .enpl at i gents or
tenpl at es i ncﬁ%ﬁn 8&2%%%]& nds %ﬁg?ﬁé rg%fh%g‘i%nggefeé%@%fhﬁm%%a Cfg&pcc)}ﬁlg ?ﬁe

Peri odi ¢ Tabligr@thE emBitnfim Pedrhp@tdar tstrappdpyl OgifhonRRO SpFdimds,ar:geni ¢ and
antinony. Typical tenplates also contain at |east one al kyl or aryl group,
such as an altRyabuglammpnivgr ougrThRANNAY f reopohexdamupe, canpmholng s, difior

exanple from]| t ar, atons. Preferr | at re, . .
nitrogen- contpé?W?ﬁljmgo rdégg‘}fd sn,'lprsoﬁ gﬁﬂggeaa,lf %%@?%Erﬁat@fiﬁj’r ytngtni%%%%a{%le,
conpounds an%iﬁ&mﬁie{\%&él@ﬁ@:yl@ﬂﬁ@,oi-meﬁ@lﬁ&ﬁvﬁﬁ, QNI BIL @R ey Yb sRBTRAIHENN Fonpounds

are represented by the general formnula where each R is WO 2005/019389
PCT/ US2004/ 02iqtirglethagolamineo gdinyadehex yhypuns c A Nydimethyithtssplaminad cholirecar byl

group, preferahly.a | kyl . aroup,or .an aryl .grou Vip rom1 10

carbon at ons.l\a[’%%ﬂ%y%w}épf‘rﬂgt ?rﬁ@d‘éﬁ%?ﬁiﬁcg"gcﬁ?cg I’QT ’e&ﬁﬂdtﬁt&‘gn?%ﬁf aal kyl
anmoni um  conp@ytandédiahine] Non&RYVIERHaAETa0Mhe, Nt RStHablamigd, NdmeatigroNi UM
cogpounds, tetraethyl ammoni um conpounds, tetrapropyl anmoni um conpounds,

and t et r abutpppeaidimnidancbphpoendse, Hyottbrlexalolaxy aingro-pletiyipieiding, 4n-

o o). Lri Vi amine. . LLi ASipipgaadl . | i ne.
D vt dime. . ayeniig, ARBRLAE B KT R Eec Fof BARSS it ne.
N, N-di et hyl efihangliamine, néﬂpeﬂtgiaﬁ{iﬁégyld@ﬂ?ﬁéﬁtyld}hihle,diis@&&%m@hﬂ@mL yjoe,

choline, N, N -dinethyl pi perazine, 1,4-diazabicyclo(2,2, Zt) octane, N,
N , N, N-t et r artmting| ethylenediamine, pyrrolidine, and 2-imidazolidone. Preferred templates

are selected from the group consisting of tetraethyl ammonium salts,
cyclopentylamine, aminomethyl cyclohexane, piperidine, triethylamine,
cyclohexylamine, tri-ethyl hydroxyethylamine, morpholine, dipropylamine
(DPA), pyridine, isopropylamine, heated degraded forms thereof, and
combinations thereof.

[0112] The pH of the synthesis mixture containing at a minimum a silicon,
aluminum, optionally a phosphorus composition, and a templating agent, is
generally in the range of from 2 to 10, such as from 4 to 9, for example from 5 to
8.

[0113] Generally, the synthesis mixture described above is sealed in a
vessel and heated, preferably under autogenous pressure, to a temperature in the
range of from about 80°C to about 250°C, such as from about 100°C to about
250°C, for example from about 125°C to about 225°C, such as from about 150°C
to about 180°C.

[0114] In one embodiment, the synthesis of molecular sieve crystalline

particles is aided by seeds from another or the same framework type molecular

sieve,



(1, 6) hexanedi am ne, N-nethyl di et hanol am ne, N-nethyl -et hanol am ne, N net vyl
pi peridi ne, 3-nethyl-piperidine, N nethylcyclohexylam ne, 3-nethylpyridine,
4- met hyl - pyridi ne, quinuclidine, NN -dunethyl-1, 4-diazabicycl o(2, 2, 2)

oct ane i ono 20dE/01938Ut Yl ami ne, neopentyl am ne, di - n- pent yPaniusme4/020771

i sopropyl am ne, t-butyl- am ne, ethyl enedi am ne, pyrrolidine, and

2-im dazolidone. Preferred tenplates are selected fromthe group consisting
of tetraethyl ammoniumsalts, cyclopentylam ne, tgbni nome_ti%l_ cycl ?hexane,

pi peri di ne, P hyl aniThe, timgyraabked ye afiHethet FiysELRGI PHAIS XY iR ani ne,
hol i ne. & . ral ) ' Yed
or et hor eof-ePGagH P Seantertit ol ek Sucditrorh SARGARNIET P sey bR NBAL DL 20

m xture cont atypidatly,athe arvstdliizanimnaine id fom, aboat Binmumes aptaramdl] wesks,
phosphorus conposition, and a tenplati ng agent, is general I%/ in the range
of from 2 to SEEh assfiemn aheuti4Sommetesdo gbout g0 BRuipios exaBple draip abat Ltwin 31

Ceneral ly, t t.Resi S Mt U [ LS S [ - sel and
heat ed, pref 2?3%%@ 1J§§1g§rsau oeg15 ngﬁgéﬁ%?é&}%&%ﬁ%a errgéea?]g?%r&éta\fvﬁl\{?ﬁe range
of from aboutwiffdtt igtatibeut stdbAg, such as from about 100C to about 250C, for
exanpl e from about 125C to about 225C, such as from about 150C to about

180C. [0114] PH@ne ent¥ii msHiod {arecy§alRaliins IHPOIES| BPIACHAS site@UOBy st al | i ne

e s G S e
required to fepysmllingionr yalal lyistRdmkl Conditioss,uss@blishingdegenglilibrium t he

tenperature and can vary from i nredi atelé up to several weeks. Typically,
the cryst al | ibeBveesrmmeleedan seve Hrmateruinddissalyiane and Hear smeyving opwk sl  such
as from about, 45 m nutes, 1.0 about 240 hours,, for. e | e. fr,om ab 1 hour
Fo. about 120 Hogreess TrEPfe SRRL aefor PR pad el BT B0 e out Wi ¢

or Wi thout agélb@flirofe® S&d, 61 BEmlQN18] Pakear Bt BOY6 08, whikhtialHeta@t i on
i nvol ves subj ecting an aqueous reaction mxture containing an excess anpunt
of a tenpl at ifAly lgewporates bicreferendel i zati on under hydrot hermal conditions,

est abl i shing [6f'1ﬁq“i i l?5t-hf!flrmmethods for synthesizing molecular sieves or modifying

molecular sieves are described in U.S. Patent No. 5,879,655 (controlling the ratio

of the templating agent to phosphorus), U.S. Patent No. 6,005,155 (use of a
modifier without a salt), U.S. Patent No. 5,475,182 (acid extraction), U.S. Patent
No. 5,962,762 (treatment with transition metal), U.S. Patent Nos. 5,925,586 and
6,153,552 (phosphorus modified), U.S. Patent No. 5,925,800 (monolith
supported), U.S. Patent No. 5,932,512 (fluorine treated), U.S. Patent No.
6,046,373 (electromagnetic wave treated or modified), U.S. Patent No. 6,051,746
(polynuclear aromatic modifier), U.S. Patent No. 6,225,254 (heating template),
PCT WO 01/36329 published May 25, 2001 (surfactant synthesis), PCT WO
01/25151 published April 12, 2001 (staged acid addition), PCT WO 01/60746
published August 23, 2001 (silicon oil), U.S. Patent Application Publication No.
20020055433 published May 9, 2002 (cooling molecular sieve), U.S. Patent No.
6,448,197 (metal impregnation including copper), U.S. Patent No. 6,521,562
(conductive microfilter), and U.S. Patent Application Publication No.
20020115897 publishéd August 22, 2002 (freeze drying the molecular sieve),
which are all herein fully incorporated by reference.

[0118] Once the crystalline molecular sieve product is formed, usually in a

slurry state, it may be recovered by any standard technique well known in the an,



bet ween nol ecul ar sieve formation and di ssolution, and then, renoving sone
of the excess tenplating agent and/or organic base to inhibit dissolution
of the nolecular sieve. See, for exanple, U S. Patent No. 5,296,208, which
i s herein WPPINMP3Bor porated by reference. 101171 O her RES/HERE84H/G20771

synt hesi zi ng nol ecul ar sieves or nodi fy#ng nolecul ar sieves are described
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i ncl udi ng cop et U n 0 i ), and
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product is foRweEBE tEsthar ol F‘H‘ Sl%vletﬁryiﬁalét(‘ag@ g “ﬁ’ﬁyt FBder Banify a
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washed, such as with  water, and_then dried, such as.in air, hefore being
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appropriate methods to protect the activated catalyst from significant deactivation.

[0120] 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 iquid.

[0121] Matrix materials are optionally included in the slurry 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 materials include one or more of: rare earth
metals, metal oxides including titania, zirconia, magnesia, thoria, beryllia, quartz,
silica or sols, and mixtures thereof; for example, silica-magnesia, silica-zirconia,

silica-titania, silica-alumina and silica-alumina-thoria.



bi nder and matrix materials. Conventionally, fornulated catal yst is nmade by
m xi ng toget her nol ecul ar sieve crystals (which includes tenplate) and a
liquid, optionally with matrix material and/or binder, to forma slurry.
The sl urrywos200ser®38ddried (i.e., liquid is renmoved), w theot/usmophetral v
removing the tenplate fromthe nolecul3ar sieve. Since this dried nol ecul ar
sieve catalyst includes tenplate, it has not been activated, and is

consi dered a ormed catal yst. ., The catalyst, in this faormis resistant to
catal ytic | os@i‘gjﬂ cont alt O %WLWEHB“E‘F‘ %tfgfql_.s %\B@%& ‘ET]]?H%_S éf or ned
cat al yst ”UStthQ.ﬁ: 6k WAl efnitel YrembthorMofitd Bhe tRKENt 'rﬁébepﬁétﬂfaﬂ%ggm
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conver si on i nbedn psviduelil wsed i oesalyst fodaulatiényi ti ng exanpl es of matrix
materials include one or nore of. rare earth netals, netal oxides including
titania, zirc@d magn8st partigyar srabodymest e anatgy matenal 153 Flag @t @rclayol s, and

m xtures ther - ] igas NESi L CORi A,
sifica-titani 128‘; gﬁl?cf:sg%?g?néfﬁgbgndd&?ﬁr@% 5?’8%”‘%‘2%’ %lhgflhé‘%‘ﬁvx%mé‘gb?il 019389
PCT/ US2004/ 02@xdmi2 cotgnt] P st preferad ] ethb adhttive fiateriabisrkaslimakaokimhss wege nat ur al
clays, such as those fromthe famlies of nontnorillonite kaglin. These

3 d
natur al cl ay SO Y GRIE RABFIFAEIek Aol corisht SREMpitds [ love el Nefvee,
Georgia and Fle g SRS ocBnskiThid B GIATR S3cal, ot her matrix materials

i nclude: halloysite nite, dickite, nacrite, or anauxite. Optionally,
the matrix nefogrdlal , privéfraddy,ytheanytriaf mhiagalc payinladyecienl aidnpeferatly d
treated, and/or_chem cal treated before being used as a slurry conponent.
Under the optkagha has ap averaes particlesizesd dom ahoat AP winkto 2popbl i/ aIwimerest i | | be

consi dered ViggEnREGH Houfs.1! RE% Aot 08 MR 15 lsoMBSirB% that the matrix

material have a dgg particle size distribution of less than about 1.5 um, preferably
less than about 1 pm.

{0125] Binders are also optionally included in the shurry used to make the
formulated molecular sieve catalysts of this invention. Such matenials act like
glue, 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.



been previously used in a catalyst fornulation. [01231 In a particul ar
enbodi nent, the matrix material is a clay or a clay- type conposition,
preferably a clay or clay-type conposition having a lowiron or titania
content, MO 2ReEI9BPeferably the matrix material is kaol i FET/KaWOHPORHs been
found to forma punpable, high solid cdhtent slurry; it has a | ow fresh
surface area, and it packs together easily due to its platelet structure.

0124] Pref ly, the natri terial ticularly . clay, .and. pref efabl
aot 10, has ai0br age puppIE SiveturaRy anharnine et ts uBef 75 um
more  pref er abbpahipm aeHbe SouhtdPibe) ARAHoWS: & shininkim cAlRbBRrGeRis B! € that

the matrix material” have a d9o particle size distribution of |ess than
about 1.5 m pemfrdrfaiiyla | ess than about | m [0125] Binders are al so

optionally included in the slurry,us Kk he fornulated nol ecul ar
sieve catalysts of this inventi oné?égﬂhmg?‘ﬁk@ act like glue, binding
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formul ated catal yst conposition. Non-limting exanples of bi nders i ncl ude
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and/ or ot her _jnorganic, oxi ol s n on nbodi pent  of j nyent.i on, the
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will convert to an al ym.ni um oxi de trf' x .fol |l ow ,ng heat treatnent. WO
2005/ 019389 PCHCUSIOHALHHRY 7 £Xamples 0956 umiRA Aiatemaln| BEBhar Afningm

hydr oxyl at ed al i A : I nkng. I; o1 al so
knpwn as al um%%?@r%? %ﬂﬁ%%ﬁ% ru?ﬂ? I,boﬁﬁaﬂsmét ﬁ%dq{rg%ﬁ%rlgr L@@r"%ﬁl sglgil%ng ?1@&50 p
Xx(H20) wher ei B-atinsikiap 2 §;ahiraiht 0 86-alwmhas Oc-plusitia) 1 5 -alonixias 0tand 0 .0-dlomaize
nmbodi t, the hinder .is A11304(Q -)24C17.12(H20 is.d ibed in GM
Vol ter man. et RTINS GEIUSETG, S 45 it B e o bgada GBve: B seui er.
Anst er dam 19%%xtumitﬁ&eénﬁ herei n incorporated by reference. |In another
enbodi nent, one or nore binders are present in conbination with one or nore
[0127] 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.

[0128] 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).



other non-limting exanples of alum na materials such as al um nium
oxyhydroxi de, 'y-alum na, boehmte and transitional alum nas such as
a-alumna, $-alumna, y-alumna, 6-alumna, e-alumna, K-alumna, and
p- al um na,woabesmiimisam tri hydr oxi de, such as gi bbsite, bayp&aTiEep04/020771
nordstrandite, doyelite, and m xtures3ihereof. [0127] In another
enbodi nent, the binders are alum na sols, predom nantly conprising
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[0131] The molecular sieve crystals are mixed with liquid, and the
optional matrix material and/or binder, using conventional techniques to form a
shurry. The components can be mixed in any order, and the mixture is thoroughly
stitred to form the slurry. The more thorough the stirring, the better the
consistency of the shurry.

[0132} The mixing of the slury is preferably sufficient to break any
aggregates or large particles into smaller, more uniform particles. In general, the
more vigorous the mixing, the smaller the catalyst particles formed in the slurry.
Mixing using high-shear mixers is preferred. In general, high-shear mixers are
capable of rotating at speeds of at least about 3,000 rpm laboratory scale
equivalent.

[0133] Solids particle size of the slurry can be indirectly determined by
measuring the viscosity of the slurry. In general, the higher the viscosity, the
smaller the solids particle size in the slurry. The viscosity of the slurry should not
be too high, so that mixing is not effective in breaking apart large particles, or too

low, so that drying will not produce acceptable particle formation.



conposition performance, whereas a | ower sieve content and higher matrix
content inproves the attrition resistance of the conposition. [0130] In
general, the anount of binder and/or matrix material is such that the

f or nul at edwoube@udsp si eve catal yst conposition contai ns FGIGHS2ABE07T% t 0
about 99% such as from about 10 %to &out 90% such as from about 10%to
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content of fr %Tm 0:1 to 1:1. Preferably, the slurry used to make the molecular sieve catalyst
contains binder and matrix material at a weight ratio of from 1:15 to 1:2, more
preferably 1:10 to 1:2, and most preferably 1:6 to 1:1. In case where binders are
not used, the molecular sieve component itself acts as a binder.
[0137] In formulating the catalyst composition, the molecular sieve and
optional binder and/or matrix matenals are initially combined in the presence of a
liqmd to form a slurry typically containing from about 20 weight percent to about
90 weight percent, such as from about 25 weight percent to about 85 weight
percent, molecular sieve, based on total weight of the slury. The liquid used to
form the slurry can, for example, be one or a combination of water, an alcohol, a
ketone, an aldehyde, and/or an ester, but nommally will be water.
[0138] Liquid is removed from the slurry containing the molecular sieve
¢rystals to form a preformed molecular sieve catalyst. Preferably, the slurry is fed
to a forming unit that produces the preformed molecular sieve catalyst
composition. The forming unit may be any conventional unit, such as a spray
dryer, pelletizer, extruder, etc. In a preferred embodiment, the forming unit is

spray dryer, which removes water from the slurry by a heating or drying process.



about 10 wt %to about 75 wt % based on total weight of the slurry.
‘Preferably the slurry has a-solids content of fromabout 15 wt %to about
70 wt % nore preferably fromabout 20 wt % to about 65 w % based on the
total wei giMO 2905/019889 sl urry. The solids content can be neREUVEWIH8IMAH any
conventi onal neans. However, a CEM MAS7700 m crowave nmuffle furnace is
particularly preferred to give results consistent with the values recited

herein. [0136] In one enpodj nent, the sl uch%aused to mag_e,the f ormul at ed
mol ecul ar si eVEEaPl) (hstioppneaingds Blaiancha? FERTAUIRSLEIGIE [ FemONGR ght

rati o of froma% ;)Kbpth%:}gq&ifg&fﬂqgﬁgwn&the slurry used to make the nol ecul ar

sieve catal yst “contalns nder rix material at a weight ratio of
from 1:15 to 10139] nore Wlief ersiphy diyetOist msed: & tlendommosg (pr efreingphmitl: 6 to
1:1. In case where bi nd?rs ar nat ug;ed, t he nol ecul ar sjeve. conponent

itself acts a%c%lﬁ’n@‘érs.m'fb‘i’%&]? MR EGUAAT PR VA PIRHH 1S &t RN NS Fe sl on, the
.ol ecul ar sie : i i d/ I, La initially
conbi ned in tég‘ﬂggg‘?‘éﬁfgg %?%gtﬂ%l s?%{‘gﬁtﬁa %ra%na{g‘gf%%ﬁgl?ﬁ%ga%§ borﬁ ai ni ng
from about 20 gaet@itictptechiiy il @bototremO0e weiegld fopertbe pteformuahmalkcilmom about
25 wei ght percent to_about 85 weight  percent, nolecul ar sieve, based on
total wei ght &Fvekatabysty (penvepional duire Gritions caobsnusste Sugh cpndifians f or

exanpl e, be or i i t . I,
al dehyde, and%gcrlg%nﬂleg‘% g%,qutek ?ﬂn&%raétﬁ%yﬁ&fmfl? r}ﬁcglll \%g@grl.m?% fé%&ﬂlesqsl%a 9 IS
renoved from A€ as busrige anlet irpengurt b giny featilaboutd08%@ to aroyns28I°E.to form a

preformed nol ecul ar sieve catalyst. Preferahly, the slurry is fed to a
forming unit %0 pr odudBEIngn EPTRY efiyige dhept BB Y| r Passed dhianeh pspozzle

conposi tion. - m L s Ry, 0 ;00 L1 h. spray
dryer, pellet ﬁ%@?‘?ﬁéﬂ@g&gﬁﬁ é@swﬁﬁ %B 1regsf ggﬁgﬁhgﬁ%éd%&n&égﬁt},sﬁ#ﬁé u??)r% ng
unit is sprayirgnyehambdri wiere anviestionade st r Arontibaiodl israciiebyd dyhfemtingg or
dryi ng process. WO 2005/019389 PCT/ US2004/.020771 37 Preferably, the form ng
unit is maint Hndurathraughepswele npzelecumylaplenozelss P RIS UGEBINERE of t he

liquid fromt | wr, r - i ing (or
drying) unit, %}g?}&?gg%ﬁ? ﬁéaﬁﬁgbg uﬁ?fg%‘iqf@g %o%@‘cﬁ'%‘i?%@ggﬁ‘é&ﬁ gd%‘f and
optional matrikRaimt &f iadbthepethbodintdnt)diie ,shirsy fieded chrbligh apsiaylediozziRgorINi t

along with a drying gas. The drying gas.contacts the slurry and acts to
remove water TBUHRERPEHES PpRg it HSTIGRUATRT Contacting Huid such s air, steam,

flue gas, or any other suitable gas.

[0141] In yet another embodiment, the slurry that 1s used to make the
preformed catalyst is directed to the perimeter of a spinning wheel that distributes
the shury into small droplets. The size of the droplets is controlled by one or
more factors including slurry viscosity, surface tension, flow rate, pressure, and
temperature of the slurry; the shape and dimension of the nozzle(s); or the
spinming rate of the wheel. These droplets are then dried in a co-current or
counter-current flow of air passing through a spray drier to form a preformed
molecular sieve catalyst composition. An example of a conventional spray drying
process is described in U.S. Pat. No. 4,946,814, which is incorporated herein by
reference.

[0142] The molecular sieve material 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



sieve catal yst. Conventional drying conditions can be used. Such conditions
i ncl ude an average inlet tenperature ranging from about 150C to about 550C,
and an average outlet tenperature ranging fromabout 100C to about 250C.

[ 0140] DurWe0estiassddrying, the slurry is passed through BCHESZ{H-H020771
distributing the slurry into small dropfets, resenbling an aerosol spray,
into a drying chanber where atom zation occurs. Atom zation is achi eved by
forcing the sl ur t i r Lpl:ge: it a
bressure drop Tact 1t SORHOG GppDili BRER 18" IR LCiRERTR] il
(about 690 kPagolitqulabiuts be Bomulkdhm)o a prefanetiatalgnhoai aoeivhteddigcesherry is
fed through a single nozzle or nultiple nozzles along with an atom zation
or contacti ng StVEs redyipalismastiusely as pformplgfed graducty  Therpuguigied preduchpl e

et ormed cat AryatY DR FERREL RRkes iRuch el B SR BB L e

distributes tsbfe 8huipyni nto small droplets. The size of the droplets is
controlled by one or nmore factors including slurry viscosity, surface
tension, flowl[PEB3d, predsarecmbpdimentodibe Hvanteonpfhetmeleayler sigie maferigdiape and

di mension of t h\?va@%i? %l%gﬂ(u?c}wnoo {hettgﬁp%azn- }'/1 g&ra@.g It g:??efgrfrec{ Q1%b¥]\¢131§}1% l;reo et

1
dropl ets are taﬁen in & Co-cu counter-curre alr

passi ng t hrough s@fisicheds firiove vaer @aMsaophal & Fechultradl the UbRbuitiog T tBat al yst
conposi tion. An exanple of a conventional spr a% drying rocess is described
in US Pat. NegnplategsBragarablywitic malepulascorvgomatesdl isehedted pya tempeabiece.

[0142] The ol Soyl.at P ISV IR RELSI 2 RS K2 RLa L SIINEDS, Llier forpl 2t o

fromthe prefcgrT ec sl eve ca conposi ns pose t he

active cat al ytduging theeSorbifustibe peitess @iinBdticonddite bebpkatiged 89 thembramed by
any conventional technique, including for exanple by elution nmethods or by
heating. The sifyeecBraferablyetbe deiplats 3s trerapees] bescandaetipg wohi sieanecatf or

e at e cal gl 0,205/ R12360 PCTLURRAL02077 . 35 wat. Grdapystori ng

or transporting o use 'S ferr Yecul ar

si eves be formli@tiag refofaldoditef @iipede, Cafyaliet entriigdd astthy 8ht@Bst & e t he
sieves are typically nost useful as a fornulated product. The fornul ated

product  gener@iPYedp prfirgely happeriate heatingi Wingadni s1se BieksablndtbRarxiness
for commercial gas ﬁgs%l el '\ﬁ%‘%ryressure of less than 0.0001.

[0144] Heating to remove template and activate the molecular sieve is
generally referred to in this invention as calcination. Conventional calcination
devices can be used. Such devices include rotary calciners, fluid bed calciners,
batch ovens, and the like. Calcination time 1s typically dependent on the degree of
hardening of the molecular sieve catalyst composition and the temperature.

[0145] Conventional calcination temperatures are effective to remove
template materials and to activate the molecular sieve catalyst of this invention.
Such temperatures are generally in the range from about 400°C to about 1,000°C,
preferably from about 500°C to about 800°C, and most preferably from about

550°C to about 700°C.
VL Detailed Description of Preferred Reaction Systems
[0146] 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.



[01431 In one enbodi nent of the invention, the nolecular sieve material is
activated by renoving the tenplate by heat. In a preferred enbodi nent, the
heat 1is sufficient to renove water that is forned as a result of the
conmbust i owoboashessst enpl ate. Preferably, the nol ecul ar sipera/Soetigneal i s
heated at a tenperature greater than 3he critical tenperature of water. At
this tenperature, water formed during the conbustion process wll not

condense or be retained by the nplecular sieve. Preferably, the tenplate is
removed by cdBi4@ting vnt9nesembpdigrent of thenpwention: dhereantion” BEM thalcriti cal
tenperature : Le.nr - nfold ow n L .of | at e,
any vt er - entyeiiEbing PRl AL EARTR Hnicy RARH IOLFERLE iy lonk BF mGEP

. appropriate hgefi(flg USbhalla dieyf@asockPeafiginakny, ot herdkiiphgRsconasniagrel ati ve
wat er pressure of |less than 0.0001. [01441 Heating to renove tenplate and
activat e t he appIpoEndsasuchi hglethesalinfatie meigty conEBs, Bemmt b to gbew X0 cabemt i on as

- calci nati on. conventy anal, 3l h Akl o K GE5 AN B8 14560 ot eyl ces

i ncl ude rotary calciners, a cal'crners, %arkf‘%ﬁ ovens, an e like.

Cal ci nati on tgna@aﬁ&utay]gimhhyodepﬂmd@fmn@n t he degree of hardening of the
nol ecul ar sieve catal yst conposition and the tenperature. [01451
Convent i onal [0%#8i nat i dhor-Emysisaeiamdespialiphticeqnianing cogipoyeds nelyge at e

mat eri als and tg}g?sct]im\ﬁatag &@ﬁaﬁ&l %ﬁftf'lh&ﬁan%il em%’f:%ajc%pg%‘?o%ﬂ%ia?oh{a%j ﬂti on.

Such terrperatatlﬁO are generally in € rarige from a t

1,000C, prefpeaipin iddoah Aot foR Gty sabioed su8RACmeatnd sipigt, Aeahamabl y from
about 550C to about 700C. VI. Detailed Descrjption of Preferred Reaction

Systens [ 01460ch risampthafaating dalkyh ederesitchofs dimeethyivethen chicthyhetbeeagdi on

o acking rcadtt Bty heh MNERAER S AERGST rbpl fod B EGUBIRE <V e

for converti ngtorexX Yadnat @methg] REhHE, TOmRAdARd&], id Parddikticilg stengd ddefic syst em
The reaction system preferably includes both a reactor and a regenerator.

WO 2005/ 01938814>CT/ US2004/ 020771 39 [0147] In one enbodi ment of the
wni oh f eetist SBKISTe convars S reS <BResBiethal A€ SRR WS § ¢ e
f eedst ock coneadsaskosmtafis WAL Cordioph alklygena@B! @iofé RPecifOAMBOWI@SosWedie t hat the
al i phatic noiety contains from1l to about 50 carbon
organic compound(s) containing at least one oxygen atom. In the most preferred
embodiment of the process of invention, the oxygenate in the feedstock is one or
more aicohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the
alcohol(s) has from ! to 20 carbon atoms, preferably from 1 to 10 carbon atoms,
and most preferably from 1 to 4 carbon atonis. The alcohols useful as feedstock in
the process of the invention include lower straight and branched chain aliphatic
alcohols and their unsaturated counterparts.
[0150] Non-limiting examples of oxygenates include methanol, ethanol, n-
propanol, isopropanol, methyl ethyl ether, dimethyl ether, diethyl ether, di-
isopropyl ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid,
and mixtures thereof.
[0151] 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.

[0152] The various feedstocks discussed above, particularly a feedstock

containing an oxygenate, more particularly a feedstock containing an alcohol, is



atons, such as from1l to 20 carbon atons, for exanple from1 to 10 carbon
-atonms, and particularly from1l to 4 carbon atons. [0148] Non-limting
exanpl es of aliphatic-containing conmpounds include alcohols such as

met hanol awa 20a5kasasp, al kyl nercaptans such as net hyl nm@C@agan/@atdiet hyl
mer capt an, al kyl sulfides such as neth¥t sulfide, al kylam nes such as

nmet hyl am ne, al kyl ethers such as dirnethyl ether di et hyl ether and

met hyl et hyl et her, al kyl .halides such a chl ori de,
Alkyl ket ondnEdiad Rxﬁmlﬁé{lwnek%traﬂré BT B Dl rafief HfLog o
such as acet'f%edsf& 1cQik¢ Bhvd Broth BY8f 50 c&8oRHRAMN, ROErHiy e Preafpas of the
i nvention, the ock contai ns one or nore oxygenates, nore

speci fi cal | y,atoms, morenweferabbyr g amidcadempdomsl(ssi)! roortpmefarabdy atto ldecshonsne

oxygen atom In the nost preferred nbodi,ment of the process of invention,
t he oxygenatea?fﬁs’taﬁ@m%éﬁ‘fséfeé@ﬁyia?% eng andyg propyj th’(?Ghol (s), preferably

al i phatic al C[gli'% 1(s) “hﬁ{eeca%ﬁgﬁtfléo. ertlbﬁ by et on {3 arﬂéu@;ﬂ‘ﬁp{l@ 1ﬁas from

1 to 20 carb atons, prefera to 10 car
preferably f rthmpitodess that &r Mrﬂ]tymasﬁeneﬂme zalthc)tgai;-sa oﬂsﬁﬁml(Gﬁ@) fpeedtsyt or;k in

the process of the invention | Iud rai a ranched chain
aliphatic al %ﬁ@rlgelandpff HaF e &%@mﬁv@& gifar t gﬂ bh‘f oArgeqss, an
Non-limting gqﬁlgstt de opanol ,
I sopr opanol , %Eﬂﬁt etfﬁé[iswée%éher eféf’ﬁdl?‘ et her Qﬂﬁ%&?ﬁﬁflﬂ%nﬁgda& | %

i sopropyl et rrmnyertadrim[aihel@hgsdme d‘i mdhgdula:audyenateéyst dompb:hybn keth ame ,oraceti c

acid, and m xtures_thereqf. In . the nost preferred enbodi nent, the
feedst ock i s BeICCUEEYS) Pi§ ra‘ﬁﬁéﬂ Preﬁﬁm@aaﬁyaﬁémwdf%@w&m di met hy!

e byl ot pYfgdner oty é}ngaﬁgra %fét(?:ﬂ ng%ﬂﬁ&??fth[eg{%%@]tﬁi?%?&é%}ﬁ gelbhanol and

di met hyI et he d nost ano he various teedstocks
di scussed aboofes fmmclc,qufdrabl;a af feedmacﬂcckonmmmgamm srgmare oxygmaags.ethenor e

bCT/ Us2004/ %z%véﬁl?gﬁ‘é%%aw%?édi‘l'agdp(?ﬁ%%pﬁbC°“ﬁowfa DRSPS . The
o erurs) Protirats el arial sl oy s agR R fai o bor
still nore pr @‘é:ﬁélaﬂhhly 7Q wedghd peaehipasd preferably greater than 75 weight percent. In
one embodiment, the amount of ethylene and/or propylene produced based on the
total weight of hydrocarbon product produced is greater than 65 weight percent,
such as greater than 70 weight percent, for example greater than 75 weight
percent, and preferably greater than 78 weight percent. Typically, the amount
cthylene produced in weight percent based on the total weight of hydrocarbon
product produced, is greater than 30 weight percent, such as greater than 35
weight percent, for example greater than 40 weight percent. In addition, the
amount of propylene produced in weight percent based on the total weight of
hydrocarbon product produced is greater than 20 weight percent, such as greater
than 25 weight percent, for example greater than 30 weight percent, and
preferably greater than 35 weight percent.
[0155] In addition to 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



atons, and nost preferably are ethylene and/or propylene. [01531 The
catal yst conposition of the invention is particularly useful in the process
that is generally referred to as the gas-to-olefins (GIO process or,

al t er nat i wah Yooshveggret hanol -to-ol efins (MO process. |npthns2u0eess, an
oxygenat ed feedstock, nost preferably a nmethanol -containing feedstock, is
converted in the presence of a nolecul ar sieve catal yst conposition into one
or nore olefin(s), preferably and predom nantly, ethylene and/or propyl ene.
[ 01541 Usi ng ptdpeneiateassnsially awposictivo rarohatih eoinpoandsi end foixtulee theravler si on

of a feedstock, preferably.a feedstock containing.one or. nore ox nat es,
the anount g‘f“”&?@?? ?}e%‘#@ifﬂgea&e B"zfgeé&ng AU GREy %{tﬁlwa\;\%ri RyHie B?Iaﬂé%&%c ar bon
produced is gugdter than 50 weight percent, typically greater than 60

wei ght percent, such as greater than 70 wei ght percent, and preferably
great er than [(B6hei ght Therdleat, forexaople veatbrodiayeretysed hidhanoartquef ora hyl ene

and/ or propyl ene produced hased th toral wei ght of hydrocarhon product
P oduced | JRRS BTy N R TRBerpRl B e fon B AUart R R0 wel gh
percent, for tﬁﬁ%t@cl@éﬁé}h@ a tB&Br Zﬁad%!iﬂh%cthpﬁrtﬁ@?éacto%ﬂ% dMded /idbhy greater
than 78 wei ght percent. Typically, the amount™ ethyl ene produced in weight

per cent basednaecuidresidvetcatal ywbdoghpgosafonhydr ocar bon  product produced, is

greater than 30 i ght .percent, such as greater than 35 weight percent, for
Oxanpl e ot oatliSf han 40 MEePERIT JEPERAL Sy AE dOGRYTEh OVERe aimamSoPT

propyl ene prq Stutdd, WEHOR ixPﬁfecx%ng BRgReh ABodtheroret @l aiet 9boed, fo¥1 as

hydr ocar bon product produced 1s greater than 20 wei ght percent, suc
.greater thanxabpledrahtbpardSert jo hloout REIGTHI1eclgdiegtiem e 280°Cved gfutut per cent ,

and preferab] reater .t han_ 35 wei percent. 1551 I.n additiqn to the
oxygenat e coﬂééncrg:mtﬂo%%wt Sus %ggbotcﬁéo ag%‘gaé{%)ogk %@ﬂng’o&?@i Ghe or
more dil uent (gpec W t%@%ﬁ?&ﬁic‘uﬁﬂ%ﬁ%ﬁ'ﬁ@’@ abblisgpedst ock or

nol ecul ar sieve catal yst conposition and are typically used to reduce the
concentrat i orj0LA8]t he f eéxmstdykhe peseitiprodesncpnebearpidested bvel & wede snge ncl ude
hel ium argon, nitro car bon nonoxi de, c%r b.oghdi oxi de, water,

essent | al |y WERISBEET FRLIGER SPSROUT BESEES. af PRICAN HRALTE) hesdeipfithane,
ohane 20 YE00LAEEO0 LY RO PSS L
di | uent s ar e ofidtoer albnd (i kPﬁIgE)nE;bO\M thviRed, encibes ﬁgrrpaabdﬁ GuiRaalty about 1
MPaa , and convemently from about 20 kPaa to about 500 kPaa.

[0159] The weight hourly space velocity (WHSV), defined as the total
weight of feedstock excluding any diluents per hour per weight of molecular sieve

in the catalyst composition, typically ranges from about 1 hr' to about 5000 hr”,
such as from about 2 hr'! to about 3000 hr', for example from about 5 hr to
about 1500 hr”', and conveniently from about 10 hr' to about 1000 hr''. In one
embodiment, the WHSV 1s greater than 20 hr' and, where feedstock contains
methanol and/or dimethyl ether, is in the range of from about 20 hr} to about 300
hr'.

{0160} 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 m/sec. See for example U.S. Patent Application Serial No.
(9/708,753 filed November &, 2000, which is herein incorporated by reference.



preferred. [0156] The diluent, for exanple water, may be used either in a
liquid or a vapor form or a conbination thereof. The diluent nmay be either
added directly to the feedstock entering a reactor or added directly to the
reactor, owededioasgth the nolecul ar sieve catal yst conpeerttisermsnp@ib7] The
present process can be conducted over aw de range of tenperatures, such as
in the range of from about 200C to about 1000C, for exanple from about 250C
to about 800C, including fromabout 250C to .about . 750 C, convenient|y from
about 300C t ol®§aLit 650%,113 PygsiessaPl e ARERign ot convengaBi-cpriugisd as OB and

particularly EE(P g}oggﬁmor %?ogg rt)';pgcajmfgfg%t 2 glﬁg%mdg%]dggl]oc@s ﬂﬂcﬂfdlh}é% a Eﬂbﬁ%ﬁﬁﬁ? sent

process can be“conducted 0 essures 1 n

aut ogenous pr Bss Wrecesshy gkt Yo th@irpand ifRkdipse bedotts, tiig pheiedsilgck
excl usive of any diluent therein enployed in the process is in the range of
from about 0. tokPagus bighveleritsilndized bt oFoc4ss- f r om about 5 kPaa to about 1

MPaa, and con Lently om about kRPaa 1t o abo 0] Paa, .[015 The

wei ght hourl yY@g;_gEe vel fFP{PCE %gkecfjelfi?enlgc? ik e%cép(iagatlﬁ}c re@\%{)rﬁﬁ%la})fs _
feedst ock exchyghidgeaftrs didi URRE 2 B&Tse RUI orPRkedVBEQ REacBbn FOh&CMMESr fiseve 1N
t he catal yst conposition, typically ranges fromabout 1 hf' to about 5000

hr-1, such adlufdizad kadogactipniones eouptheslitogsihen dimculpting fuidesedniideretetorn about 5

hf' to about 1500 hr-1 d .conveniently from about 10 hr-1.to _.abput 1000
i, T one . Engodrsiem e TSV PSR et et i gt tRer 1

f eedst ock cont@i fampleURNRiterdNE. of, 074 703, NYK. PhES Nol 828N shhedkangenof from
about 20 hr-1 to about 300 hf1l. [(516(5] Were the process is conducted in a

fl ui di zed bedand Héuigizption iFpgadeeriggnsDy Eluptiand QSGeyespiet, hidotfeste 8s tatsiger
including diluent and reacti rgducts wit hi he .r eact or st em,, and
particularly &n“ﬁlﬁhﬁlgadop?@y’ﬁgﬁ‘gtg?%swew ,}I Orﬂ‘n]19«323t‘vhff.%larﬁeziqeigreﬁ%ﬂlgyecond

(1n/sec), suckh@spditedbereftBade. 0.5 in/sec, such as greater than 1 nsec,

for exanple greater than 2 m sec, conveniently greater than 3 m sec, and
typically grdé@6dl thanThe proferess regeler fypes axalspt watios gepeendessppbed tat i on

S O a3, AL DRSTIB B 2000 AL, L3 5 B Ao o
and D.F. Othmo, Reinhold Publishing Corporation, New York, 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 (multiple riser reactor), which are all
herein fully incorporated by reference.

[0164] In one practical embodiment, the process is conducted as a
fluidized bed process or high velocity fluidized bed process utilizing a reactor
system, a regeneration system and a recovery system.

[0165] In such a process the reactor system conveniently includes a fluid
bed react;r system having a first reaction zone within one or more riser reactor(s)
and a second reaction zone within at least one disengaging vessel, typically
comprising one or more cyclones. In one embodiment, 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,



[0161] The process of the invention is conveniently conducted as a fixed
‘bed process, or nore typically as a fluidized bed process (including a
turbul ent bed process), such as a continuous fluidized bed process, and
parti cul anlg/2085/0®e8%t | nuous high velocity fluidized bed proresmespIBR1 The
process can take place in a variety of43catalytic reactors such as hybrid
reactors that have a dense bed or fixed bed reaction zones and/or fast
fluidized bed reaction zones coupl ed together, circulating fluidized bed
reactors, ripseereplyaweist or Iﬁﬂbaﬁoﬁeaﬂd/%e@ 286 foalsRemplsngv rinttoread spdnes or t ypes
are described.in_for exanple U S. Patent No. 4,076,796, U S. Patent No.

6, 287, 522 (d@an?FSer), and Fl uidi zation Engineering, D. Kunii and O.

Levenspiel, Robgt E Hiaa8ibodiHét alei AeoRmPanyh fiRMo¥RITkd alNaViqied k 1977,
which are all herein full i ncorporated by reference. [0163] The preferred

react or typesnépeavapartortharsaotos syemnai the dengerdfdean D weigheperfeada or

Fl ui di zati on an lui d-Particle Sustens, es 4Sto 5 E. A enz. and D. F.
a hrio, et nhapasd e e-purhE SR RBR SRrR Beest it E e ront N,
6, 166, 282 (f?‘éiceﬁﬂ, Wk 2acIRdiERamher 3 wasif Jércnt Bait 99@@&%&%&&m Seri al

No. 09/564,613 filed May 4, "2000 (nultiple riser reactor), which are all
herei n ful |y basedompibe steldveightr effthe éasdeock Bebuing anysilaepregntainsd|therpinodi nent ,

th [ duct ed fluidized hed hi_gh | oci. t
{1 ui o zed bed TGRS ST PR Fristars at by hesyicctinpstioge RerEY: SR 5t em and
a recovery syateig %1[09%%1113 bitheUahedr R BGERTtRRCLEFHhIhe $HH SMAFRAYEN ently

i ncludes a fluid ed reactor systemhaving a first reaction zone wthin one
or nore riserdilnedet or(s) and a second reaction zone within at |east one

di sengagi ng v |, typicall onpri si one or nor.e cyclones. In one
empodi ment , t[ﬁ_ﬁf’sﬁne or %Pﬁ?gﬁquf%gregpqr@§éﬁgf?a§5m SRS BIFGHBP M oneeEdt are
contai ned w ?g.h&ll?‘ ot A1) Bin"BAGEQ e ¥8SS e infd £ 3ikeb oMl e thaLRER D! ¥

contai ning one or “nore oxygenates, optionally wth one or nore diluent(s),
is fed to thealissngagmg wessel 1lpsewithethe tcok¢d patialystocompiosttiioa. Imothe pudfarredi eve

cmbod ment . BARBFTGBF RISt GEROR YONPHEE fOePeEaErsl CSpPREdil ecul ar
sieve catal yshi&DURISET LOntdOkBh WRM #isebudt BERERT cdrtaifRB Gk &dmd h a
l'i quid, WO 2005/ 019389 PCf?U82004/02077§ 43

olefin(s) within the disengaging vessel. Although cyclones are preferred, gravity
effects within the disengaging vessel can also be used to separate the catalyst
composition from the gaseous effluent. Other methods for separating the catalyst
composition from the gaseous effluent inctude the use of plates, caps, elbows, and

the like.

10168] In one embodiment, the disengaging vessel includes a stripping
zone, typically in a lower portion of the disengaging vessel. In the stripping zone

the coked catalyst composition is contacted with a gas, preferably one or a
combination of steam, methane, carbon dioxide, carbon monoxide, hydrogen, or

an inert gas such as argon, preferably steam, to recover adsorbed hydrocarbons
from the coked catalyst composition that 1s then introduced to the regeneration
system.

[0169] 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.



preferably water or nethanol, and/or a gas, for exanple, an inert gas such
as nitrogen. [0166] In an enbodi nent, the anount of fresh feedstock fed as
a liquid and/or a vapor to the reactor systemis in the range of fromO0.1
wei ght perwantoos/o193&bout 99. 9 wei ght percent, such as froRCaSLdo4/020%21 ght
percent to about 99 weight percent, noHe typically from about 5 weight
percent to about 95 weight percent based on the total weight of the

f eedst ock inc i.ng any.,di l.uent e Ligui. por
f eedst ocks nmw@bpt he s l%%%s ?'%@fe gSﬁlpa%ﬁ }e el%eréwng}sgiy Clg%?%ﬁéegrtl ons
of the sane opr flofd 6 BRkerd, €RISOYVELD, MO rN@{‘@\Taﬁ)@nﬁr Qfr dliutddes@hitroded sreNt s.
[0167] The feedstock entering t he reactor systemis preferably converted,

partially or fabby didxede; heygenrapt wasercibb. Basens Nontta24Q, 7@é$e?@dsmetflﬁmm t hat
enters the dis ve al on .th the.coked,cat al C osition. In
the preferred®® %ﬂ‘ggg‘#rﬁg‘?{’t §'é'yall'.b ﬁe&:g ration, CRARAT A {HHhi© gﬁ%og gi ng
vessel to sepasial fohi e SAKAL0R 2 Q8iposAaROpictdrtly fth oM dvae 1Gaseay 9. «f f | uent
containing one or nore olefin(s) within the disengagi ng vessel. Although
cycl ones are preeghtpessnt basadionythe dptab stesghiviof ke colted wpksewnlgngiene ceelysel can
al so be used to separate the

o uont o hefmASRRER LEtE 168 ke Bhof RIRER, LFPE Fkidifer B HEEFH 0t ¢ ne

gaseous ef f| ueipdraitleudsy bber Ueradfe BF %ﬁﬁabo@@%@"@{ob%t 1306bC, sha hd Ke.
[0168] In one errbodl ment, the di sengg%ag vessel includes a stripping

zone, typical fipni abcaltl HWREE tpoiﬂlqubrio I ¢kemplyagbmgaboas #60°C Itn abhat
stripping zon oked cat.al st ] caontacted with a
preferably on§5% EBPHﬁmr? IV Fg%‘{qggﬁné ? %ﬁfﬁe Fa?@%‘?‘?r@f%xl?ra%g”%t:ar bon
monoxi de, hydhﬁg% inOthe r@fkel Wﬁém%%uﬁ [ &ss@su@z %05n) BT BHE! S0 Ysigy( 5848 to
regcover adsorbed hydrocarbons fromthe coked catal'yst conmposition that is
then i ntroducébad)pstdheas gmnaat 20rpsis YEBekitaa) (Dti@ﬁi}ut‘ﬂfé) pokdd72akBiast

conposition is t hdr.awn he . di i ng t ced, to the
regeneration Iﬂdé‘i’ﬁ frpppe {"ﬂ"g r BT (Qﬁﬁﬁ%?% %‘ﬁér%ﬁ g@%g%&a% wher e
the coked cat %M%heﬁﬁ%%ﬁi HoRN30 ﬁsﬁ@’"ﬁ?ﬂ@aﬁﬂo%&@t@ s'fae(gr‘i‘@?{PQat' on nedi um
preferably a gas containing oxyge under conventlonal regeneratlon

condi ti ons of [4&iper at ulbe repdensel rtlalﬁmﬂthlee:stailﬁncempomn WOt R0 5118389
PCT/ US2004/ 02077]b
e in the range of from about one minute to several hours, such as from about

one minute to 100 minutes. The amount of oxygen in the regeneration flue gas
(i.e., gas which leaves the regenerator) may be in the range of from about 0.01
mole percent to about 5 mole percent based on the total volume of the gas. The
amount of oxygen in the gas used to regenerate the coked catalyst (1.e., fresh or
feed gas) is typically at least about 15 mole percent, preferably at least about 20
mole percent, and more preferably from about 20 mole percent to about 30 mole
percent, based on total amount of regeneration gas fed to the regenerator.

[0172] The burning of coke in the regeneration step is an exothermic
reaction, and in an embodiment, the temperature within the regeneration system is
controlled by various techniques in the art including feeding a cooled gas to the
regenerator vessel, operated either in a batch, continuous, or semi-continuous
mode, or a corﬁbination 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

internal or external to the regeneration system. Other methods for operating a



44 [0170] Non-limting exanples of suitable regeneration nedia include one
or nore of oxygen, 03, SO3, N20, NO N2, N205, air, air diluted with
nitrogen or carbon dioxide, oxygen and water (U. S. Patent No. 6,245, 703),

car bon nonayh densoaesdd or hydrogen. Suitabl e regeneration ceggidd:enané~¢e those
capabl e of burning coke fromthe cokedysxatal yst conposition, preferably to
a level less than 0.5 weight percent based on the total weight of the coked
nol ecul ar sieve catal yst conposition entering the regeneration system For
exanpl e, the rregmamltianiegzatem enpeun atisnleseday. Pttt e 62RGS16f (chnwoiliapout
200C to about 1500C, s Q fro about 300C tq about 1000C, for exanple

f r om about 456@0@8’%@6@5 1s/hgsein falhyInEeRROEAlS Wlie?ﬁr?l}cﬁm about 550C to 700C.

The regenerati ressur YerRBitdd) L hQvEaNGE -8kt ONidaein LRoRS @e (103
"kPaa) to about[@go psi a 3?44 enl%Paa%] sugﬁ rolr%llgbodt 20 nps?g (138 kPaa)

to about 250 psgaefatitR4yit@aapreferabiy fiodi thg chraqm adndert 1sZonpsteal ¢ 2kKRah) to

about 150 psia (1034 kPaa), .and conveniently from about 30 psia (207 kPaa)
‘to about 60 psm%le%‘-i%’ﬁl%’lﬁef& aYS[t 6AFRYSIHHRA 1?52%“ geHelated Li@ﬁ“ %ge\f@aqagq ’

conposi tion i ’thib%sﬂh%ﬁ%@%/&ffé&ﬁsto (Pcﬁ ﬂré}h&gﬂ?of ﬂﬁ\ﬂ&s %gfrétﬁmeé%‘tﬁqrﬁ&? m nute

to several hou suc rom a one nut e m nut es. e anount
of oxygen in trhmmesgerlanmblembddimmgam regéneented @ﬁﬂy%o@{pobiei@masitmdmwn
regenerator) may be in the range of fromabqut 0.01 nple percent to about 5

mol e per cent bfa%aht‘owg%n@éattoatsaﬁtewﬁ GERTGH tﬁeH@r&aéreaq’tﬁe(s) @Sty Prstergbly gen i n
th dt ,
ypi carly at 1355 PASRE! ftohieh e Solils BVl afthuas sh Sicke Bhs, (BS0E0°) T

percent, and nmper, ptabieoabhy likeomagbeuiised) seml- &brm@ﬁ@lﬁ;m of Qoﬁb@&ﬂug@@ ool e
percent, based on total ampunt of regeneration agas fed to the regenerator.
[0172] The burlasilifpiotheciaradygiion tf the gedrapmisdomt Y ompogiHoR io ke FeoET
reaction, and n thin the regeneration
systemis congﬁoﬁgﬁ?%gﬁgg?mgﬁggpgc n%@%erergé#%gs e art including feeding a
cool ed gas to [0h®d] r egerB;r adrarolvesthe | flowo pf thatregenetatdiesatdlpst o eposifion or

continuous, or sem -continuous. node, or a conbination thereof. A preferred
t echni que i nvdloPEE TREERHEMEH %&lxswomp@@élﬁ@rfa@réd & EBENFRAIOBORSER 1P oHEf r om

the redencr al iygf:sy SRR BASALAO AR JFERUOLD e AALNRL: SR0L Rrdfhel O m @

cool ed regenera yst C rrp05| tion st cool e
enbodi ment, i scoploeitibn exthiapghe rédort is sndimeiatdd 'Rhieiehz&é m:m}t &bhlal]u@rfoext er nal

to the regeneration system Oher nethods for, operatin

controlling” the flow of a catalyst composition descnbedg in Michael Louge,
Experimental Techniques, Circulating Fluidized Beds, Grace, Avidan and
Knowlton, eds., Blackie, 1997 (336-337), which is herein incorporated by
reference.

[0175] Coke levels on the catalyst composition are measured by
withdrawing the catalyst composition from the conversion process and
determining its carbon content. Typical levels of coke on the molecular sieve
catalyst composition, after regeneration, are in the range of from 0.01 weight
percent to about 15 weight percent, such as from about 0.1 weight percent to about
10 weight percent, for example from about 0.2 weight percent to about 5 weight
percent, and conveniently from about 0.3 weight percent to about 2 weight percent
based on the weight of the molecular sieve.

[0176] The gaseous effluent is withdrawn from the disengaging system
and 1s 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



WO 2005/ 019389 PCT/ US2004/ 020771 45 regeneration systemare in disclosed
U S. Patent No. 6,290,916 (controlling noisture), which is herein fully

i ncorporated by reference. [01731 The regenerated catal yst conposition

wi t hdrawn $gotms/@ssa egenerati on system preferably from pbhEUsSaaLYNSEI
cooler, is conbined with a fresh nol ecwl ar sieve catal yst conposition
and/or re-circul ated nol ecul ar sieve catal yst conposition and/or feedstock
and/or fresh gas or liquids, and returned to the riser reactor(s). In one
embodi nent , t lfempaEgeARS eitBerecaRAoRRINAIONS FAHPISCRAEHER. dastionatiomanver

regeneration emis returned to riser reactor(s) directl pr.eferably
af ter passi ng%I,SEIIISIII% tgwggt aI@%IIIF%o%IIIlere.rS’A&(:aIFIIIJSérfeaé[_llj%% Sggt.elgﬁ I’III%Ir taggas,
feedstock vapeylbehz@RMnutbRrd |(KES. FRENDNJISSAT6 ST 6@ NIthaUASYiver
continuously, to facilitate the introduction of the regenerated catal yst

conposi ti on t @rodesses stich i aldghytiesn kepames emdbistert manufectoree(lo8. Reieat Noser
reactor(s). [QlZz4] controlling the flow of the regenerated cat t
Compost {1 on o0 SHATEdTRAER arRR e et Ton OSUE TRe T dareers bt
regeneration %Xéﬁa%?hts,oreﬁﬂfératfoﬁas%t@ﬁls%y%ﬁﬂ%qiﬁé}@oﬁ?iésﬂﬁ[‘ldm@&@bummﬁq@Ié_? on the
nol ecul ar sieve catal yst ~conpoSition entering the reactor is maintained.

There are nmanyotseplnpgjaad tfedike. control ling the flow of a catal yst

conposition d j,bed in.Mchael Louge, erinental Technigues, .

G roulating FOlHized ot mecxHges 1 TRE oviiow YBRE SOUE 3 bt e, 1007
(336-337), whiyghd hiond8F Bl ddntbieRIoRAhah&dolYor hefees A Eenethhi-Ep] préRk®l) £vel s on
the catal yst conposition are neasured by w thdraw ng the catal yst

conposi tion frogh tehweratwmealesictnnEen cedthammrir, aétpeopanrence wash areboftexont ent .

Typi [ | I f k th I I j tal yst ifi ft
{ wgener at i on, TEPECRO d 4 GE (VS BIUT GRPGRTOY e bRt o BB 15
weight per centmerfbisho2SffIaM pbatpfich, WRHGMncPRIHeGllide® 4ROYktend Qcupl gt

percent, for exanple from abouf ‘0.2 wei ght percent to about 5 wei ght
percent, and cphitemiently from about 0.3 wei ght percent to about 2 weight

F 1 uent 1o il KBlann | rUHPERESE SN RG-E L der KL S BEEGE A e Fough a
recovery syst efyldRReheoidhe Bdlor Witdnek BRMIesLAEQY 8 YU.S SPRERMRo. 5960BL5Ues and
sequences that dre useful in separating olefin(s) and
(secondary rich ethylene stream), U.S. Patent Nos. 5,019,143, 5,452,581 and
5,082,481 (membrane separations), U.S. Patent 5,672,197 (pressure dependent
adsorbents), U.S. Patent No. 6,069,288 (hydrogen removal), U.S. Patent No.
5,904,880 (recovered methanol to hydrogen and carbon dioxide in one step), U.S.
Patent No. 5,927,063 (recovered methanol to gas turbine power plant), and U.S.
Patent No. 6,121,504 (direct product quench), U.S. Patent No. 6,121,503 (high
purity olefins without superfractionation), and U.S. Patent No. 6,293,998
{pressure swing adsorption), which are all herein fully incorporated by reference.
[0179] Other recovery systems that include purification systems, for
example for the punfication of olefin(s), are described in Kirk-Othmer
Encyclopedia of Chemical Technology, 4th Edition, Volume 9, John Wiley &
Sons, 1996, pages 249-271 and 894-899, which is herein incorporated by
‘reference. Purification systems are also described in for example, U.S. Patent No.
6,271,428 (purification of a diolefin hydrocarbon stream), U.S. Patent No.
6,293,999 (separating propylene from propane), and U.S. Patent Application No.
09/689,363 filed October 20, 2000 (purge stream using hydrating catalyst), which

are herein incorporated by reference.



purifying olefin(s) fromthe gaseous effluent. Recovery systens generally WO
-2005/ 019389 PCT/ US2004/ 020771 46 conprise one or nore or a conbination of
vari ous separation, fractionation and/or distillation towers, columms,

splitterswonrodsrae3gs, reaction systens such as et hyl benpefa:ssmnuwb@ct ur e
(U . S. Patent No. 5,476,978) and other gerivative processes such as
al dehydes, ketones and ester manufacture (U.S. Patent No. 5,675,041), and

ot her associ ated equi pnent, for exanple various condensers, heat
exchangers 104801 ger at CoreraliysacemmpaRyIBHOSt FCayYeHY SY%%F%Q@F@UCR%Ck out

drums or  PokdedgiPey AdbEh ar bARE NURGALIL { ROGEKRI] Sah « hese

towers, colu rai ns |nat|on |ncI ude

one or nore @fmmld@mtdi@{g n6th, th@r}effeﬁd’r&m prime m@kttst enfier piefiéreedd prigfchani zer,
a det hani zer, a depropani zer, a wash tower often referred to as a caustic

wash t ower apr@ﬂmts,cfh@ ht Qléﬁ@ﬁr sudbasosthiene apdipwpplens, are fymem arusiiicdt hyl ene

(C2) splitte ro itter and but itter 0178]
Vari ous recof%lp\g é‘% %q&?a%bl&ngr%rg%sa? gcﬁs&%%%?ﬁzap%gﬁocesseg ‘et hyl ene,
propyl ene anﬂﬁ@éfowﬁﬁﬂ@,m@t 9re¢a$éar¢rmmlmemtéf%e Rabeny steom, Thd 6&06@
(secondary rich et hyI ene streanm), U S Patent Nos. 5,019, 143, 581 and

5,082, 481 ( neystsraalsosmehudas 2opis)ficatios. syFamentFob, esampleg thy pight slefim(lependent

dsor bent U.S. .Pat 288 (hyd S. Patent No.
5. 004, 530" (1 EOUREE dg R NBI® Y3 e cry Rrace Lypel HPElalor e ot ep)
U .S Patentthhbrenﬁv@@%upi@@elﬁéﬂﬁﬂyl%ﬁﬁ@ks oEtAARAAInak@ gas turbi ne power plant),
and U S. Patent No. 6,121,504 (direct product quench), U S. Patent No.

6,121, 503 (hi%gB1] puri tvomhgﬂinng empﬂ@atofs:up@nﬁnm mwpmr;uctsanmmdes Pat ent

No. 6, 293, 998 d h f [
i ngor por at ed® Wl(aﬁré’sé? 3{128%\%‘{ a £ thlt‘é'r?i %’e@l\ghfé(%f gaﬁwhpg s E%’Jud)é

puri fi cat i oncSyst SiBes, s@lfur c%ﬁﬁﬁﬁﬂlﬁ g‘u@h ab ROARUEN bllfad, IcamboRil ﬁhﬁdés"l{nﬁ) are
described in Kirk-Chmer Encycl opedi a of ~Chémi cal Technol ogy, 4th Editi on,

Vol ume 9, Jomerceythey @nmSupiasindl 90GT pigeen za@pmsamm@g@@g@lmmmh is
herei n incorpQrated referen L Purificat descri bed
in for exanp ﬁ ci? Cﬂ\}'-‘/”gt SﬁttamNba Q5 by, rogf'fg ﬁ&?%iﬁ?%?\n O%ﬁro%qléfl n
hydr ocar bon %ﬁ%@ﬂaet 1heSmekial @bdtyIRie, prtﬁaa@%e%@adﬁéﬁ%ﬂ%ﬁiyﬂg propyl ene from

propane), and U.S. Patent plication
[0182] Typically, in converting one or more oxygenates to olefin(s) having

2 or 3 carbon atoms, a minor amount hydrocarbons, particularly olefin(s), having
4 or more carbon atoms is also produced. The amount of C4+ hydrocarbons is
norrnally less than 20 weight percent, such as less than 10 weight percent, for
example less than 5 weight percent, and particularly less than 2 weight percent,
based on the total weight of the effluent gas withdrawn from the process,
excluding water. Typically, therefore the recovery system may include one or
more reaction systems for converting the Cs+ impurities to useful products.

[0183] Non-limiting examples of such reaction systems are described in
U.S. Patent No. 5,955,640 (converting a four carbon product into butene-1), U.S.
Patent No. 4,774,375 (isobutane and butene-2 oligomenized to an alkylate
gasoline), U.S. Patent No. 6,049,017 (dimerization of n-butylene), U.S. Patent
Nos. 4,287,369 and 5,763,678 (carbonylation or hydroformulation of higher
olefins with carbon dioxide and hydrogen making carbonyl compounds), U.S.
Patent No. 4,542,252 (multistage adiabatic process), U.S. Patent No. 5,634,354
(olefin-hydrogen recovery), and Cosyns, J. et al., Process for Upgrading C3, C4
and C5 Olefinic Streams, Pet. & Coal, Vol. 37, No. 4 (1995) (dimerizing or



09/ 689, 363 filed Cctober 20, 2000 (purge stream using hydrating catal yst),

. which are herein incorporated by reference. WO 2005/019389 PCT/US2 0 04/0
20 7 7 1 47 [0180] Generally acconpanying nost recovery systens is the
producti ow0 209&n®38% i on or accunul ati on of additional predudissgo4ogerpr oduct s
and/or contam nants along with the pr&ferred prine products. The preferred
~prinme products, the light olefins, such as ethylene and propyl ene, are
typically purified_ for use in derivative manufacturing processes such as
pol yneri zat i GhepmeaasseceropylThkrivtders ane nentylersdt whicaf aver g falpdraignt of
the recovery.syste he very systemalso includes a purification
system For é%%ﬁ%F%%d%W§e%§%§? ol efin(s) produced particularly in a MIO
process are gepsgd thr onighprafered LibhCaAkiAR) H08LEM b bat ofiesPhepréRetevel s of
by- products or contam nants. [0181] Non-liniting exanples of contam nants

and by- pr oduciescribgg | abgee age Yty quliag oddmbvurrasudiy dhat pontgén ersingf cohol s,

carboxylic acids, ethers carbon_oxides, sulf compounds_ such_as hydrogen
sul fide, car 68%}1’11 Ih‘:felr c(t)z:e_sﬁnalﬁc?n e 5%(%‘%%,%3&%%%3?%6 naucg&ﬁegre%?rt@ en
conmpounds, arg xﬂ@ighﬂogéﬁ&hl ARhaRGre& Qah d8Sweichhprc&ANTRExARADIeSatOkast

by- products include hydrogen and hydrocarbons such as acetyl ene, nethyl

acetyl ene, prabpeidiSenwe ghparemi.dascdanndhp tatginesightor gy ol¥hpi cal 'y, in converting
one or nore nates to olefin av.i n or 3 carhon. ataons, .a_m nor
amount hydr oddlBine. < pareura s SRR R SARS Oh 16 THENETLATEON ot o
is al so prodysedes hen@pRKALpBEesCAdr PHANORANIRMNR D14 M(s)NRbAES Iy dlogSod han 20
wei ght percent, such as |ess than 10 melghf percent, for exanple |ess than

5 wei ght per desdstockingrefarablycal gaskqusl ydrotdrhon Aeedstapht pegicobmty, mebmsed on t he
total weight of, the effluen as wi thdrawn fromthe process, _.excluding

wat er. Typi c Anfipr %@Fefﬁﬁ%tﬁ"fsﬁg‘?pe@o rRFOSSE R AP TRERE ﬁch‘ffB%usof‘?ﬁé%?éf{’rmre
reaction systgpagraby irP@@r}iﬁfnhﬁ&]Qw‘itBea ter |sBBAL ! Td 8Syh@sUsBhtttioRrRdHGES.

[01831 Non-li'm ting exanples of such reaction systéns are described in U S
Pat ent No. 5,9881c640 symtbesiegasd (Ryngash ctrearsatiporallyrodysisingrtobbudenads] ), U. S.

Pat ent No. 4, 774,375 (i.sobutane and put ene-2, ol.igonerj.zed to an al.kyl ate
gasol | ne) . UCEboBIaRNING S TpaEe T SRS EHIPE T SR R EPIC, o
Patent  Nos. s%ggéﬁeﬁﬁgraﬁﬂgs Bre iR I OBt GRRAN YDA 790°Olto Q}ss'ﬁtgmb“@'aﬁ&' on of

hi gher ol efi wi t h carbon di oxi de &nd hydr ogen maki ng carbonyl conpounds),
u. S syngas pressures are in the range of from about 2 MPa to about 100 MPa.

Synthesis gas streams are produced from natural gas, petroleum liquids, and
carbonaceous materials such as coal, recycled plastic, municipal waste or any
other organic material. Preferably synthesis gas stream is produced via steam
reforming of natural gas. |

[0186] The next step in the process involves contacting the synthesis gas
stream generally with a heterogeneous catalyst, typically a copper based catalyst,
to produce an oxygenate containing stream, often in combination with water. In
one embodiment, the contacting step is conducted at temperature in the range of
from about 150°C to about 450°C and a pressure in the range of from about 5
MPa to about 10 MPa.

[0187] This oxygenate containing stream, or crude methanol, typically
contains the alcohol product and varous other components such as ethers,
particularly dimethyl ether, ketones, aldehydes, dissolved gases such as hydrogen
methane, carbon oxide and nitrogen, and fuel oil. The oxygenate containing
stream, crude methanol, in the preferred embodiment is passed through a well

known purification processes, distillation, separation and fractionation, resulting



Pat ent No. 4,542,252 (nultistage adiabatic process), U S. Patent No.
-5,634,354 (ol efin-hydrogen recovery), and Cosyns, J. et al., Process for
Upgrading C3, C4 and C5 Oefinic Streans, Pet. & Coal, Vol. 37, No. 4
(1995) (diweriozi/mg3sor WO 2005/ 019389 PCT/ US2004/ 020771 A48CTUSmosmenizai ng
propyl ene, butylene and pentyl ene), whitgh are all fully herein incorporated
by reference. [0184] The preferred light olefin(s) produced by any one of

t he processes described above are_high purity prime olefnm(s) products that
contain a si ngl @ puGaeberyasnrbEPntaNETE ﬁ%reﬁﬁlaéqf%’ﬁ@@}ﬁ cofnBwiarl Grde Asmdoer cent
such as great géit %Ffﬁnogo wei ght percent, such as greater than 95 wei ght
percent, for Wp e at | east about 99 wei ght percent, based on the total

_\wei ght of thef@issfin. [ qh85%ydenanonpimas seedm enpadiidentygehdie cpiiteimens of the

invention fornms part of an Integrated ,Fr ocess for_ producing |light ol efin(s)
from a hydr ocairésen optiepalbt Witk onperemereadilugnts, erasidense Hgadr sscaicsdtiodkeddst ock,
particul arly nmet han

passi ng t he gBEOeCSﬁSs?% ggogiglf?ggjlg,ﬁ{ Q%@%;rggﬁ}{/% %Ehc}@%%f)ar#é ?YE)EI%\RAB {eﬁggsﬁgir

stream to a S¥NGRAS cRIBELE bF Bis 2MBgrated pPE@dUEE dasceiped e HISBURS3 L S¥hgas)
stream typically conprising carbon dioxide, carbon nonoxide and hydrogen.
Syngas pr oducthigh is Sewgist fully gro@moratad by ygiEease syngas tenperatures are in the

range of from t 700C to about 12 an c.gas pressures are.in the
range of from@@%t 2 I\/‘éé %%gﬁowprﬁ%ﬁw?eg%écﬂt%%g?sg, ég% 8??%‘5@% ésr_e
produced frompabitedlwiddte BREF@depBctisel igsribanaboveaRofBERE) prodat&y i al s
such as coal, recycled plastic, municipal waste or any other organic

materi al . Pr efwr distojeds {mtlh O8F Sigfwdineiears 05 e POBBRENZABOE PEEAISES $8I0r Ni g

f I , . .Th ' ' l, v es ' h
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copper based oaf alysts,37¢ @lddr OelyiCE3, apoaiX VERIORt & k@eihatliynehcoigoeasd witen in
conbination with water. In one enbodi nent, the contacting step is conducted
at tenperat ur &fwng¢hk range of from about 150C to about 450C and a pressure

[0yt e, S o 200 R 3-8 ool WP HhalM LN
and a high pressure processes, or a combination thereof. Particularly preferred is
a gas phase or a slury phase polymerization of one or more olefin(s) at least one
of which is ethylene or propylene. These polymenzation processes utilize a
polymerization catalyst that can include any one or a combination of the
molecular sieve catalysts discussed above. However, the preferred polymerization
catalysts are the Ziegler-Natta, Phillips-type, metallocene, metallocene-type and
advanced polymerization catalysts, and mixtures thereof.

[0191} In a preferred embodiment, the integrated process comprises a
process for polymenzing one or more olefin(s) in the presence of a polymerization
catalyst system in a polymerization reactor to produce one or more polymer
products, wherein the one or more olefin(s) have been made by converting an
aleohol, particularly methanol, using a molecular sieve catalyst composition as
described above. The preferred polymerization process is a gas phase
polymerization process and at least one of the olefins(s) i1s 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 2 support, a metallocene or metallocene-type compound

and an activator, preferably the activator is a non-coordinating anion or



contains the al cohol product and various other conponents such as ethers,
particul arly dinmethyl ether, ketones, al dehydes, dissolved gases such as

hydrogen methane, carbon oxide and nitrogen, and fuel oil. The oxygenate
cont ai ni ngw%%qﬂefﬁws‘—br ude nethanol, in the preferred enboaﬂﬁﬂﬁﬂﬂwl’(ﬁéssed
through a well known purification proc¥sses, distillation, separation and

fractionation, resulting WO 2005/019389 PCT/ U82004/ 020771 49 in a puri fied
oxygenat e cont st rea for mrerm
met hanol . [01§§']m°?‘ﬁ’3 ’o>?§g% lgaté%ht ﬁ?ﬁ?fﬁga@fg%% keﬁ%ly fi-&d 38{)] aé%’héfe

contai ning shLh@dRan®Ptionally with one or nore dlluents can then be used
as a feedstock in a process to produce |I%ht ol efin(s), such as ethylene
and/ or propyl é@ﬂeWINon- mhmptol‘l}ﬁgerepmpp&b 1etnﬂ1>§n¢mﬁaegn@mt¢sq@ﬁd@@§@e re
described in EP-

ncor por at ed
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produced are diréected to, in one enbodi nen one or nore polynerization
processes for copelpaiarsi n@’h@amppﬂsn@(bhsfdl palymers p@éechobYetharn@Ihemm&lOIPat ent
Application Seria

Jul 0 | c e
fully i ncorporpé‘?cgaseﬁym‘:lu”g?e %0215 ?GIY?TQ%%T g?ﬁﬁ? |P£’g‘lfﬂf \elh §18 C{"hcl ude
sol ution, gas yiceUkd raffidin esses or a
conbi nati on tﬁgp@g(?p %Jgrtldgptflggg‘%@e pr ef eﬁlg%@}sﬁﬁaégg&%ﬁ or a slurry
phase pol ymer i\Zat i on of Examplas ofdihwttole 2)Resicti gstemntdavind avikdacthr i s
et hyl ene or propyl ene. EE g lgloymer' gztl on processes utilize a
pol ymeri zati on cat al yst é‘—iany one or a conbination of the
nol ecul ar sieyg catal ystggisscyssed above. However, the preferred
poliynmeri zati on cat al yst S are he Ziegler-Natta, Phi | |'i ps-type, netall ocene,
met al | ocene-t \{PE93nd adWsrcethppodfysheiting dowon sysieal Opstasr,lingndﬂmli@witees

th f. [0191 I f nmbod th t egrat ed
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or nore polyner products, wherein the one or more ol efin(s) have been made
by converting reamtloalsmbctmlcpntpmng zrehetot Y0hetdhamgeneratsr hiy. alvoflew diagransi eve

cat al yst conpositjion.as . . .
y P o%IPIId}. Pls particularly directed to a system for converting oxygenates to olefins,

although it is particularly relevant to any system which incorporates a reactor and
regenerator. According to the embodiment shown in FIG. 1, hydrocarbon feed
going into reactor 102 is stopped, and superheated steam injected by way of a
conduit 106 at a temperature of 400°C.

[0194] As the superheated steam is injected into the reactor 102, catalyst is
circulated from reactor 102 by way of conduit 108 to the regenerator 104, and sent
back to the reactor 102 by way of conduit 110. The superheated steam supplies
heat to the reactor 102 and keeps the circulating catalyst in a fluidized state.
Catalyst is separated from steam and other vapors by cyclone system 112, with
water and other vapors exiting the reactor 102 by way of conduit 114.

{0195] Carbon material or coke is burned from the catalyst in regenerator
104 by sending air through a compressor 116, and sending the compressed air to
the regenerator 104 by way of a conduit 118 through a heater 126. At least at the
beginning of the shut down process, the temperature of the catalyst is sufficiently
high so that coke on the catalyst is combusted, generating additional! heat.

Combustion products exit the regenerator through a conduit 120.



descri bed above. The preferred polynerization process is a gas phase

pol yneri zati on process and at | east one of the olefins(s) is either ethylene
or propylene, and preferably the polynerization catal yst systemis a

suppor t edworetoalohmsene cat al yst system In this enbodi neRCT/USAeMHEGHdr t ed
netal | ocene catal yst system conprisesila support, a netall ocene or

net al | ocene-type conpound and an activator, preferably the activator is a
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include linear |low density pol yethylene, elastoners, plastoners, high
density pol yef thylceialyst Inowassrabovy a hytipetrhyh enestiopdinggi28pyriden eigarittant

ol ypr opyl ene capo rs. The, pr.o ene base nmers pr.aduced t he
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i npact copol yners. . S0 wn a Reaction System Having a
React or  Uni ¢il anduiRetpendrratghr thiniltydéecatboanfijetibn [ BdO 322 Ove coxiame! ¢heof
shutting down a s¥_stem cont %%nibn nol ecyl ar sieve contai nhgg cat al yst that

i s suscepti bfENRYUAR AUPFS 5t ThTELY ISP BEHAt BEPCTHYR Yaile PPPTRBTENE UF i s

descri bed i DCAGRAr HA0AR WehhpBldFriadkly WALERak® ifrchidtl 8 3LAH Obofuif €acti on

system cont ai ni a reactor 2 an fegener at or ow di agram of
FIG 1 is pail4,eaull agdtyo sibrageted to a system for converting oxygenates to

ol efins, although it [s rticularly relevant to any system which
i ncor por at es=a reactortéﬁggl—e@egenerator. According to the enbodi nent shown

in FIG 1, hygograrbonaheed: e90idi00f HuRideSGHip 4 0%cticn SRR ebhiaidle
super heat ed l>s“tieg}r:n i njected f)?f w&? gf a 1C"ondui tp 106Cét ?Sterrper Eétlturbe of
400C. [ 0194] mAgctlae sevpematabyt eltht St sasnepible np ecbetyation duthe goatet enth102,

catalyst is circulated.fromreactor 102 by, of canduit .108..to the
r egengr at or Y8Y%T malepulss iy desf“é%‘@l@ ?CBO‘éﬁ’écer%ﬁﬁﬁq :Eld‘éhlg@ @ flodrdiggatui ¢t 110.
The super heaged réatcﬁea}sgagm'f z}sﬁsl?lgwlﬁei e 1t hRcERAMEAD FiB2 2ansk KRRRRwWHhe

circul ating catal yst i zed state.
procedure is the same as that in Example 1, except that an inert dry gas is

compressed in a compressor 228, heated by heater 230, and sent to the reactor
202, while air from another source is sent to a separate compressor 216, heated by
heater 226, and sent to the regenerator 204. All other aspects of the shut down

procedure pertaining to FIG. 2 are the same as in Example 1.

C. Example 3
{0198] Another example of shutting down a reaction system containing

molecular sieve catalyst that 1s susceptible to deactivation due to contact with
water molecules is described in accordance with FIG. 3, which is a flow diagram
of a reaction system as shown in FIG. 1. According to FIG. 3, the shut down
procedure is the same as that in Example 1, except that an inert gas is injected into
reactor 302, rather than superheated steam. The gas is sent to a product recovery
unit 338 of the reaction system, heated and sent to reactor 302. The product
recovery system includes cooler or steam generator 340, collection or quench
vessel 342, and compressor 344. According to FIG. 3, the gas is sent to the
compressor 344, passed through a conduit 346, and sent to the steam generator
340.



Catal yst is separated from steam and ot her vapors by cycl one system 112,
wth water and other vapors.exiting the reactor 102 by way of conduit 114.
[0195] Carbon material or coke is burned fromthe catal yst in regenerator
104 by senWnpoaD938hr ough a conpressor 116, and sendi ng P& USwpiBE3Ed air
to the regenerator 104 by way of a conduit 118 through a heater 126. At

| east at the beginning of the shut down process, the tenperature of the
catalyst is sufficiently high sqo that coke on the catalyst is conbusted,
generating adii®bnal he¥t ShoWagRIst i HhepHern dererater S4PHe ajse feEraesd

t hrough a condui . 0, Us20 B tal yst
circul ation bg#itl\éte%I%L?hcg)\%ﬁeg%t%s%%%ﬁ%ﬁﬁ@@g@%ﬁ%@%@%%%q 2&0 é%jﬂxgige%t SO0 as
to increase t heatédwsihg okamhhie adattblgaediim. Migens trhasstOh thAsedcte 3024el  of

t he catal yst increases above a hydraocarbon injection line 122, and a
significant aEslantmapnes Asbdat sedek i8I Flvasl weéFlbonbusterdvagage pE teat al yst

so that conbustion is .| d.t rat in the r erat.or. 1 Creases,
hydr ocar bon 8?@5%’%%”&?@@3% Kr @ngﬁ”«?ﬁgg E%&&g}‘%}é)"ﬁ&fﬂ?@ﬁ 1? (t)}he ?ef}lﬁg 22 to
continue the ce@HHUKhGGt BEARESS, udeh@l QBYitikRAPERY o RedteTBE At AddRicHal an
appropriate |level. Catalyst that has been appropriately regenerated is

renoved by wayompreas@onduit 124, and sent to storage. B. Exanple 2 [0197]

Anot h | hut tjng d i t er t ai ni | ecul
Sleve cataryotoih s HSHERIO R, SRS BBl ety
wat er mol ecul @gpsk skified ¢4 {Haas! thix e ﬁweﬂmp@an\l%et Perforfed Rvithih @had ﬁm% Bi; ow

diagram of a reaction systemas shown in FIG" 1. According to FI , the
shut down pr perethgtess imsthirnwhataselaiged, wathoirhddparimg fzort thesmwepand deape af i nert
dry gas is Cﬁ]rrpressted in a conpressor 228, heated by heater 230, and sent
to;the reactof B0 %hile air fromanother source is sent to a separate
conpressor 216, heated by heater 226, and sent to the regenerator 204. All
ot her aspects of the shut down procedure pertaining to FIG 2 are the sane
as in Exanmple 1. C. Exanple 3 [0198] Anot her exanple of shutting down a
reaction systemcontaining nolecular sieve catalyst that is susceptible to
deactivation due to contact with water nolecules is described in accordance
with FIG 3, which is a flow diagram



of a reaction systemas shown in FIG 1. According to FIG 3, the shut down
procedure is the sane as that in Exanple 1, except that an inert gas is
injected into reactor 302, rather than superheated steam The gas is sent
to a product recovery unit 338 of the reaction system heated and sent to
reactor 302. The product recovery systemincludes cooler or steam generator
340, collection or quench vessel 342,53and conpressor 344. According to FIG
3, the gas is sent to the conpressor 344, passed through a conduit 346, and
sent to the steam generator 340. WD 2005/ 019389 PCT/ US2004/ 020771 52
101991 AsCHAMMSB:in FIG 3, the steam generator 340 is also arranged so that
at shut down the gas passing through the steam generator 340 is indirectly
heat ed using steam as a heating nmedium The gas then passes to the reactor
302 in sim | aa praeselt shstihHadws bewotiomsystefn halingrudrekdt€s and .a régenaguant age of
the arrangenment in FIG 3 i1s that dry gas can be circul ated through the
reacti on th§peqcesh coliPinBEthasens9g t o use an additional dry out heater or an

addi ti onal  cogpr egg&tgg}g d%ﬁgg@]re{é@il\gilg%tﬁ% EI%ILM% ﬁ?ﬁ%drp rebdbSm nvention, it

wi ||l be appreciate ose ski e ar at the 1nvention can be
performed wi t héantaating dealysiwgataming geavaiednetaloaliimnmiophesphate nlachlr peds Wi t hout
departing frothe spirit and scope of the invention. { 53 CLAIMS: 1. A
process of shuftfh§*dBwn a reaction system having a reactor and a

regenerator, #he igeanRSeecRPREHEN Fad NR the RASPA AAmpEiuLd HTht laun t he
reacti on system by stopping hydrocarbon feed from contacting catal yst

cont ai ni ng act $008¢ exhilgstopping ar atisrstphephatiev gbhetredashonsieed@ thé n t he
reactor; b) 'n%g‘%}nj,n]gqfeed repl acenent gas into the reactor at a tenperature
of at least 3 WAT T e stopping or after stopping the flow of hydrocarbon

feed to the regactigectinggacohtaingRtdxygerdin@tie C@BIRAOH A oMbyigeArboAt 0 t he
regenerator to conbust carbon o
material optionally present on the catalyst while injecting the feed replacement

gas into the reactor.

2. The process of claim |, wherein the process further comprises a step of removing

catalyst from the regenerator after stopping the hydrocarbon feed to the reactor.

3. The process of claim 1, wherein the process further comprises a step of raising

catalyst level in the regenerator after stopping the hydrocarbon feed to the reactor.

4. The process of claim 1, wherein the process further comprises a step of removing
catalyst from the regenerator following the step of raising the catalyst level in the

regenerator.

5. The process of claim 4, wherein the catalyst removed from the regenerator has a
water content of not greater than 1.25 wt %, based on total weight of the catalyst

removed.

6. The process of claim 5, wherein the catalyst removed from the regenerator has a

water content of not greater than 1 wt %, based on total weight of the catalyst removed.

7. The process of claim 6, wherein the catalyst removed from the regenerator has a

water content of not greater than 0.8 wt %, based on total weight of the catalyst removed.



material optionally present on the catalyst while injecting the feed

repl acenment gas into the reactor. 2. The process of claiml, wherein the
process further conprises a step of renoving catalyst fromthe regenerator
after stopping the hydrocarbon feed to the reactor. 3. The process of claim
1, wherein the process further conprises a step of raising catalyst |evel
in the regenerator after stopping the3sdydrocarbon feed to the reactor. 4.
The process of claim1, wherein the process further conprises a step of
removing catalyst fromthe regenerator follow ng the step of raising the
cat al yst $-evel Thaprp¢rss ot dajandrvgiestin s catphyst li@m@@fggomfth%teg?mﬂrmorW@r ein the
cat al yst e reat er
Chan 1 25€v mﬁJPg;o%?eth OP\(@Bt §Eeeat¢efr‘% %’1%%‘&% bﬁkga ﬁtot%@%ﬁéht%?me JAE%\?SE Cfﬂ%é/e&i

process of claimb5, wherein the catal yst renoved fromthe retgener_at or has a
water confent Bfe pegesgpeelaiar |ivrherein thetprogessinetber comprisesat steppigAmOYNE t he

cat al yst i r yst renoved
From ine FENBAEim héogkbale RS Qg ik PordIETAD o gt BRAASYE' 1 0%
based on tetgtlmlratwel ght of the catalyst renmoved. 54 8. The process of claim
7, wherein the catal yst renoved fromthe regenerator has a water content of
not great g t r,enoved.

9. The process of&D%asg\%ciﬁl éﬁ%{éﬁﬁ‘%kﬁé&%’%ﬁ%@%d # tn@r g?rﬁpe?%&s{iliasa step of
renovi ng waat adnyst of napgrdae thanglePfewatopbasethbh mtalnyeegmloﬁgletclaml}gas cont ai ni ng
the oxygen into the regenerator. 10. The process of claim9, wherein the
catal yst FEWY6®d fromthe regenerator has a water content of not greater
than 1.25 wt % based on total weight of the catalyst renoved. 11. The
process ofl.cl allm @gocesnhiclaim]lq, h"dletﬂiﬂ tike ysthlystermoed! froromhd fegereegertas at or has a

cat al yet  PabuRtent St SRR b o P by AR il of BBl o ot T emoved

fromthe regenerator has a vvater content of not greater than 0.8 W %
based on 1%t al Tlvmrgtﬂss of claitre 1 & athatoyss the catalysterdmovadiromiee geowessr ted acl ai m 12,

wh h f
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14. The process of claim1, wherein the process further conprises a step of
heating {he chheprpetss phelgime! 2, edereet die sptalypenmpred Gamahgtseenseriedians not

greater t h%t%r con\f\ént %f Ec?trgl?é)a?er than 0.5 wt %, based on total weight of the catalyst removed.

14.  The process of claim 1, wherein the process further comprises a step of heating
the catalyst in the regenerator when the catalyst contains not greater than 2 wt % carbon

material, based on total weight of catalyst in the regenerator.

15.  The process of claim 14, wherein the catalyst in the regenerator is heated by

injecting hydrocarbon oil into the regenerator.

16.  The process of claim 14, wherein the catalyst in the regenerator is heated by

injecting a heated gas into the regenerator,

17. The process of claim 1, wherein the feed replacement gas injected into the reactor

is at a temperature of at least 325°C.

18.  The process of claim 17, wherein the feed replacement gas injected into the

reactor is at a temperature of at least water critical temperature.



material, based on total weight of catalyst in the regenerator. 15. The
process of claim 14, wherein the catalyst in the regenerator is heated by

i njecting hydrocarbon oil into the regenerator. 16. The process of claim 14,
wherein the catalyst in the regenerator is heated by injecting a heated gas
into the regenerator. 17. The process of claim1l, wherein the feed

repl acenent gas injected into the readtor is at a tenperature of at |east
325C. 18. The process of claim 17, wherein the feed replacenent gas injected
into the reactor is at a tenperature of at |east water critical

t enper at ut®. 5Skhe procesThieclpimobedwran thelfeddrenlacamrat gdsrintepled frdetherregstaicenent

gas injected intg the reactor. .i.S feed repl.acenegnt. 0as | ected fromthe
o oup cons e it EhgeReer iorfi: Gt sSRuSRE eI ARG

conbi nat i O3, dtéet, @al comPinatidis tigrefess of claim 19, wherein the feed

repl acenent gas injected into the reactor is superheated steam 21. The

process of, cl aj J: hnj-egt i . i.s at a
relative 5(\)/vat Z‘Fﬁ@{fi{f})ge}é@ﬁ%ﬁ}@g%?@g %?n %}gtfgegrrge@?dgweﬁ %%Jr%q@g‘%g&&‘ggth?he process of
cl ai m 21, readter Risiperiategasahnj ected into the reactor is at a relative water

partial pressure of not greater than 0.01. 23. The process of claim 22,

wherein t gasfpd i ks : y VLY parti al
pressure gf nofhégé}ggeggegp%l 12%26%%8?{1 ﬂ%%gguﬁéé:&gﬁg%ﬁgés%g?&c'}éaf% tEnvrewherei n the
gas i nj ectvewr partid pgrdssure@fiodtorredte thin @lrel ative water partial pressure of

not greater than 0.0001. 25. The process of claim1l, wherein the gas

cont ai ni ng, oxyggn, f Sain!? ECHERIA e LREinid-RUGEHH RictbSis A & relle ThE
process o?z'cl aim f?%grefun tﬁe hhylroceégr%([)%‘: ee‘ii} S seﬁ ec]tsed ?er olmethe group
consi st i ngawef pdealgsesas of naphediashardd.@sel s, [ight gas oils, heavy gas oils,

vacuum distillates, vacuumresidua, light cycle oils, heavy cycle oils,
aromati csyand alLaBAlS of ddim FNGHIAE 8 $aPinjdeled iffb the MAREEE At 4 Aative

met al | oal um nophosphate nol ecul ar sieve I1s° selected fromthe group
consi st i ngasf pBARQrSsurS AP GreBAPDN0.401. 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- i, pr s%ﬁ@ain&f@ﬁéreirﬂh@@aé—%ecéh R0 1 readthiRN@PuBa felatitk PO- 34,
Al PO 36, AI PO 37, AIPO 46, nmetal containing nolecular sieves
water partial pressure of not greater than 0.0001.

25, The process of claim 1, wherein the gas containing oxygen that is injected to the

regenerator is air.

26.  The process of claim 1, wherein the hydrocarbon feed is selected from the group
consisting of kerosenes, naphthas, diesels, light gas oils, heavy gas oils, vacuum

distillates, vacuum residua, light cycle oils, heavy cycle oils, aromatics and alcohols.

27.  The process of claim 1, wherein the metalloaluminophosphate molecular sieve is
selected from the group consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17,
SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40,
SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, AIPO-5, AIPO-11, AIPO-18,
AIPO-31, AIPO-34, AIPO-36, AIPO-37, AIPO-46, metal containing molecular sieves

thereof, and mixtures thereof.

28.  The process of claim 1, wherein the reaction system is selected from the group
consisting of catalytic cracking reaction systems, transalkylation reaction systems,

isomerization reaction systems, catalytic dewaxing systems, alkylation reaction systems,



t hereof, and m xtures thereof. 28. The process of claim1, wherein the
reaction systemis selected fromthe group consisting of catalytic cracking
reaction systens, transal kylation reaction systens, isonerization reaction
systens, catalytic dewaxing systens, alkylation reaction systens, 56

hydr ocracki ng reacti on systens, systens for converting paraffins to ol efins,
systens for converting paraffins to &bomatics, systens for converting
olefins to gasoline, systems for converting olefins to distillate, systens
for converting olefins to |ubes, systens for converting alcohols to

ol ef i ns, Ndsprrenkd eRtignispHeRD ArHeBnios yanvering raadtiante olgins, wesmeiern ng

aromat | Psc&x%@ihgﬂ%faffﬂ{s%@ﬁo ics, Syt Tor LA ﬁﬁ‘@%ﬁéﬁn@% g;SSBHRé ly &emf%?tem; for
converting oxygenates to ol efins; systens For econver ng oXygenates to

ar omat i csconveyiag etefing ar diedliayg sestérad fog calvefting®lefmndo wyped, eyserfioior converti ng
unsat urated hydr ogﬁ{lqons él%sal dehgd.es. . 29. Theé)E)r ocess of fcI aim1l, wherein
the react FOWCENEAlEANFIS talg ISBORORHARtoN SEACIQ, SYSIGMS: FYSIGRF 18Bd r eact i on
system flapdiiaedreict RAREAR Aroh¥ei 8 Wy siédstor hidskilhZ s@nhaek sy @ard fopn system
circulating flurdized bed feaction system or risefr reactor” system 30. The
process ofonykdingotygenpies ti elefitsesystemsvar @dveringbxygshups wopdroatphat e nol ecul ar
si eve contajns Si ,and Al. at & Si [ Al rtatigj of n§t g)re%te% than 0.5 31. The
process ob EfRiH AEOMEHEPEC TR SY YRt RG HRERINeSAFINRIRS SNBSS AR Y

ol ecul ar tosdi®@hedggontains Si and Al at a Si/Al ratio of not greater than 0.3.
32. The process of claim 31, wherein the activated netall oal um nophosphate
nol ecul ar ,si eve _contains Siand Al _at i/A ratio . of not greater than 0. 2.
33. The p%%ces@heogm%elsﬁf)ﬁ%l%lg E\%q]eerree'? ﬁ]etr ae‘ﬁglc]: YA 8 dr'?{el ealfq%org%ﬁ'ﬁlnnophosphat e
ol ecul ar sysic@y gixedbédaienSiohisyaad, Mhidiatd BedSedotion kadtérn, fadt Midizgriedt er t han
0.15. 34. The process of claim.33, wherein the activated

met al | oal FASHEpHYEHhat@lating flaidifedbed reagdon-yysieay ALTISST reasipr AYSied®- a Si/ Al rati o
of not greater than 0.1. 35. A process of shutting down a reaction system
havi ng a B@act Dhe @ocksaof dgientnaiedsin thetdbgvandoneaBoabonipbplsispinté helestlaps of :  a)
fl owi ng hydrocarbon feed to the reacfor while circulating catal yst

cont ai ni nﬂev%@ﬂa\‘}ﬁtsé&“‘ﬁéﬂ a1 3 Yk A p 8 SFIT B2t ecul ar si eve between the
reactor and regenerator; b) shutting down the reaction system by stopping
t he hydr oghr bothd peckss bbsieing30, whetdirethe @etttaced; metalloaluminophosphate

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

32.  The process of claim 31, wherein the activated metalloaluminophosphate

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

33.  The process of claim 32, wherein the activated metalloaluminophosphate

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

34.  The process of claim 33, wherein the activated metalioaluminophosphate

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

35. A process of shutting down a reaction system having a reactor and a regenerator,
the process comprising the steps of:
a) flowing hydrocarbon feed to the reactor while circulating catalyst containing
activated metalloaluminophosphate molecular sieve between the reactor and
regenerator;
b) shutting down the reaction system by stopping the hydrocarbon feed flowing

to the reactor;



57 <c¢) injecting gas into the reactor at a tenperature of at |east 300C
whil e stopping or after stopping the hydrocarbon feed to the reactor; and
d) injecting a gas contai ning oxygen into the regenerator to conbust carbon
material optionally present on the catalyst while circulating the catal yst
between the reactor and regenerator. 36. The process of claim 35, wherein

t he process further conprises a step &7 renoving catalyst fromthe
regenerator after stopping the hydrocarbon feed to the reactor. 37. The
process of claim 35, wherein the process further conprises a step of raising
cat al yst Ievel@ihﬂ@hbg@@g@hé&&t@mﬂmﬁt%WW@b@ppéﬂ@nﬂﬂetﬁyﬁ€ad@ﬁb@mpmeed to the

reactor. 38. Theﬁﬁr cess h % erein {O anﬁrocess further conprises
a step of r enB\i bs CRAAY §t yflrrofi?‘ﬁ ?rhgae 1 gﬁé‘?aﬁ 5™ ol | owi ng the step of

rai sing the cadjahyjediing@vak cmamm@ex%@egemeruaet[egene&@or dkempugeassn of cl ai m 38,
wherein the catal yst rempved fromthe regenerator has a water content of
not greater thapetalzptigpally,presgaleen tbﬁcﬁtéﬁﬁlwmlelcgﬁ‘ﬂla%ﬂg@‘ﬁéa‘élé[’étah%fte“ renoved.

40. The proces&epgac&yghmegéler%erel n the catal yst renmoved fromthe
regenerator has a water content of not greater than I w % based on total

wei ght of the catal yst renoved. 41. The process of claim40, wherein the
cat al yst B@enovE ﬁrom bﬁcéaine@’endnemimﬂlelpameﬂ fuMMrenmpdsﬁsamtepoff not greater
than 0.8 wt % bas n al weight. of the atal ved,

br ocess. ofemon efan (RRE/BY freptiee Goifar Jobpre bR EmEHT (e 1 BGarEiott or has a
water content of not greater than 0.5 mt % based on total weight of the

cat al yst BBnovéik prodss ofitieinpl Hodseinthe praksn fB8herwhmpesas atstep qfiraisiegs f urt her

conpri ses st enovi ng cat al st fromthe n or while injecting
Che gas. cERUE G ERERE” R st Phing URD bEphPE FRtiS el oot o
claim43, wherein the catalyst renoved fromthe regenerator has a water
content 088. not Therpracass Offﬂe.lim 35, 2hergin tig pmecfuﬁhﬁftcemarlsm S@ﬁ]i)t()fof t he catal yst

renoved. 58 45. The S8 of re| t he noved from
the r egentray (F bRy RO RRE Redisrialo Mo n A0 Greilab ME iR T ol fased on
total wei ghtreRhedatde catal yst renoved. 46. The process of claim45, wherein
the catal yst renoved fromthe regenerator has a water content of not

greater than Opf wt 2 PASKEENH RN Rlne Wl AE eRovid oty Sler i STRY GO

water content of not greater than 1.25 wt %, based on total weight of the catalyst

removed.

40.  The process of claim 35, wherein the catalyst removed from the regenerator has a

water content of not greater than 1 wt %, based on total weight of the catalyst removed.

41.  The process of claim 40, wherein the catalyst removed from the regenerator has a

water content of not greater than 0.8 wt %, based on total weight of the catalyst removed.

42.  The process of claim 41, wherein the catalyst removed from the regenerator has a

water content of not greater than 0.5 wt %, based on total weight of the catalyst removed.

43.  The process of claim 35, wherein the process further comprises a step of
removing catalyst from the regenerator while injecting the gas containing the oxygen into

the regenerator.

44.  The process of claim 43, wherein the catalyst removed from the regenerator has a
water content of not greater than 1.25 wt %, based on total weight of the catalyst

removed.



47. The process of claim46, wherein the catal yst renoved fromthe
regenerator has a water content of not greater than 0.5 wt % based on
total weight of the catal yst renoved. 48. The process of claim 35, wherein
the process further conprises a step of heating the catalyst in the
regenerator when the catal yst contains not greater than 2 wt % carbon
material, based on total weight of cats@l yst in the regenerator. 49. The
process of claim48, wherein the catalyst in the regenerator is heated by

i njecting hydrocarbon oil into the regenerator. 50. The process of claim 48,
wherei n t#e cathspretess af elbie 4% ydwmimthe catplystrempeadl fbgm thayeeeneratey has Reat ed gas
into the e r S i . rej i njected
into the {r;vgtgg{]oélﬁ&ﬁ §f%c{t%geate}2ﬁ$§r\§f‘%r gasgé O'gtoﬂlre&e@%% gg@gcg'lgg.s{%ﬁlgg%d?ocess of
claim51, wherein the gas injected into the reactor is at a tenperature of
at | east aterThenroscsapl ttl@frpjé% athgredn ths gatalypfarempwrdelsam dhe reEiertd1as dher ei n
the gas ipj i t t I f nsj sting of
it rogen, VRSF bt Bf o eyl G ) %, BRCAEh Wl A o U SLRPERREAS "9, 0
process of _claimb53, wherein the gas injected into the reactor is

super heat &8 stheaprpcassol g 4 gdwEedn e caplyptremgyved fham dreyegssraierdap aj ect ed
into the I Lt J : r eat er
than 0.1 BEL At B R ookt ! ¢! v W BTk Aol ST Y Gl R BLPEN P

reactor is at a relative water partial pressure of not greater than 0.01.
50 57. THE prbseoyscess obtlaimms S avheigieiheiprrcetidughad compasasadishriti bet i r eact or

Is at a r?lle%%t'a% inRe R erfé?e[t&g\ﬁlhengﬁ@@a?é{%ﬁ cOltai Qhotggrr@ﬁt%]r%antf@[“’/(pca%' 58. The
process of clairm57, erein the gas injected into the reactor is at a
rel ati ve mamtiel bypad bi &italpregh wf eatalfystnothegegat®@tort han 0. 0001. 59. The process

of claim 35, wherein the gas containing oxygen that is injected to the

regenerat gy i STR ﬁroce@?oféﬁﬁl@n PY,QGRRS BE c&hRLITh 3R re¥HRFROMs Béh‘?edwr ocar bon
feed is selected Tfromthe group consisting of kerosenes, napht’has, diesels,

| i ght gasingictigg hyrrasaybayas] oid e ragaserator. di still ates, vacuum residua, |ight
cycle oils, heavy cycle oils, aromatics and al cohols. 61. The process of

cl ai m 35, sywherghdhbiils BREISK PRI AOMERFRRL IS INDLESHHIASr iSheéy& By sel ected
fromthe group consisting of SAPO-5, SAPO'8, SAPG"11, SAPO 16, SAPO- 17,
injecting a heated gas into the regenerator.

51.  The process of claim 35, wherein the gas injected into the reactor is at a

temperature of at least 325°C.

52.  The process of claim 51, wherein the gas injected into the reactor is at a

temperature of at least water critical temperature.

53.  The process of claim 35, wherein the gas injected into the reactor is selected from

the group consisting of nitrogen, helium, flue gas, CO2, steam, and combinations thereof.

54.  The process of claim 53, wherein the gas injected into the reactor is superheated
steam.
55.  The process of claim 35, wherein the gas injected into the reactor is at a relative

water partial pressure of not greater than 0.1.

56.  The process of claim 55, wherein the gas injected into the reactor is at a relative

water partial pressure of not greater than 0.01.



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, Al PO 18,

Al PO 31, AIPO 34, AIPO 36, AIPO 37, AIPO 46, netal containing nolecul ar
sieves thereof, and m xtures thereof. 62. The process of claim 35, wherein
the reaction systemis selected fromthe group consisting of catalytic
cracki ng reaction systens, transal kyl @i on reaction systens, isonerization
reaction systenms, catalytic dewaxi ng systens, alkylation reaction systens,
hydr ocracki ng reacti on systens, systens for converting paraffins to ol efins,
systens ol cHmuetdsngl gaimaiq. iwhsreirotha ganmiectsd intg yhst repatorfiopt TEkafiset i ng

ol efins to tgfasaoiilneéssus shens réa?érthé:no@éf(ﬂr.ti ng olefins to distillate, systens
for conver |n% Ot RS~ 00T uhEss systens for converting alcohols to

ol efins, disproportionation reaction systens, systens for. converting
aromat i cs3%0 hlfghwpcess ohetincsy, Wgeineths eioinjesied drtb ithrgeagioma el eelatiygst ens for
converti n&at%%%ﬁﬁﬂ%%&?ur@%fﬁé)t%@:e{?&’thzﬁy@@ for converting oxygenates to
aromatics, syste or olidgonerizing ol efins, and systenms for converting
unsaturated hydrocarbons to_ al dehydes. 63. The process of claim35, wherein
the react$dn sThappsassokeldeni®e WistHt bagey omtainipg preygen hat ésdniselgd teliét i on
system f},e érﬂe:reﬁg sQﬁ‘d reaction system fast fluidized bed reaction system
circulati ng Ized bed reaction system or riser reactor system 60 64.
A process of shutting down a reaction systemhaving a reactor and a
regenerat Y, Bifoprogisoalbsiagm Savdrerest the hdrogathon Bad tsoelesipd diwm the BEOUBr ocess

COMPY |1 gyl Aty 50 @RS0sBhcs. Alpnf oW Qg BATROR L eedk §iR. Lhguheactor while

circul ating catalyst containing acti um nophosphat e nol ecul ar
si eve bet disdlintésheacnamotoduaahight cyelgershatorcycle)oilsharomatng addwicohdle reacti on
system by stopping the hydrocarbon feed flowwng to the reactor while

circulati @ﬁet hen SRbadsy §f cIBGi X‘f%ewﬁ?th@g[?e?atlBEHuﬂ’ﬁﬁod’h%%%%ﬁCﬁI?%li]ar%}evis iy ecting

gas into t reactor at a tenperature at | east st oppi ng or
af ter st opgbicrg frdme theyglowpcambioting dddh R(@-5t HePOSASABO-1 1 SAPR)-hé.HARGG7 t he

ot Tonst 30BETEREPoyRL NREDe [SARE S 5 PR SRt SppbERer =t e o

t enper at uggpof41abAPeagt SAPALY4, HPO-ANSAFMGESSIPOLS A RDM BAIPHOG! €i n the
process further conprises a ste renovi ng catal yst fromthe regenerator

of
Bt ter st opHIGHs L eMEhiAAJRE: Mo 1edd. ABCLHe mes coining molecular sicves

thereof, and mixtures thereof.

62.  The process of claim 35, wherein the reaction system is selected from the group
consisting of catalytic cracking reaction systems, transalkylation reaction systems,
isomerization reaction systems, catalytic dewaxing systems, alkylation reaction systems,
hydrocracking reaction systems, systems for converting paraffins to olefins, systems for
converting paraffins to aromatics, systems for converting olefins to gasoline, systems for
converting olefins to distillate, systems for converting olefins to lubes, systems for
converting alcohols to olefins, disproportionation reaction systems, systems for
converting aromatics to higher aromatics, systems for adsorbing aromatics, systems for
converting oxygenates to olefins, systems for converting oxygenates to aromatics,
systems for oligomerizing olefins, and systems for converting unsaturated hydrocarbons

to aldehydes.

63.  The process of claim 35, wherein the reaction system is a dense bed reaction
system, fixed bed reaction system, fluidized bed reaction system, fast fluidized bed

reaction system, circulating fluidized bed reaction system, or riser reactor system.



66. The process of claim 64, wherein the process further conprises a step of
raising catalyst level in the regenerator after stopping the hydrocarbon
feed to the reactor. 67. The process of claim 64, wherein the process
further conprises a step of renoving catalyst fromthe regenerator
following the step of raising the catalyst level in the regenerator. 68.
The process of claim67, wherein the &étal yst renoved fromthe regenerator
has a water content of not greater than 1.25 wt % based on total weight of
the catal yst renoved. 69. The process of claim 68, wherein the catalyst
renoved fbbm therocegerishutiog dpws aseactipn wisteauivérga SRCtofAndgrreganeratathan | wt

2 based o Rl ELON 18] hORGS AR Wl IRKEC o fRingThEsBpOges of ol alm

69, wherein renove € regenerator wat er cont ent
of not great era)t ha]mmﬁn§hydro&ﬁbdmafeﬁdtoohle tcadtad wmm @irulatihg tielystafbalaysig r enoved.

71. The process of %{E 70, V\:h n th gé {) rerm ed fromthe
regener at or haitiyate il logly i atﬁé‘%oiﬁu fﬁ‘é(ﬁerbt 8 G194 hased on
total weight of; éﬁgau?at al yst rem)ved. 61 72. The process of claim 64,
wherein the pro ess further conprises a step of renoving catalyst fromthe
regener at or whb)l e shuitieg tiowy thelreacgias systam by stopjng He iryﬂy;genlvoil ited flomhiee

regenerator. 73., The SS_ O ere| t he cat rem)ved from
the regener at of th%geaggr\ngeegrcyj)aﬁpgﬂp Ko} aﬁﬁb%&?‘a‘a Efeaﬁ%ﬁmf eé%“"\m °% based on
total weight of) thgjcaaioalaysito tHe@oRY @Gt a efnperdie BF ACEHS 300°CGllem 73, wherein
the catal yst renoved fromthe regenerator has a water content of not

greater than |Sstorping onpdigestopping bedyydipeargpn fegd tq the reagtos) yst renoved. 75. The

process of clajm 74 rator has a
wat er cont ent J(j))f no%mt\éﬁg{égt%gC%ttﬁ]lgﬂccgjcggﬁ%wggsgge%&l&%{j e&%?‘gﬂ?‘ of the

cat al yst renovehperaile oflideqar 30Ssandf cl ai m 75, wherein the catal yst renoved
fromthe regenerator has a content of not greater. than_0,

%
based on t ot al Sweitiiad G‘gC?Wéyskéi?falt%’ieg?r@%‘&’fé’ﬂate“?ﬁ’ra“ﬂ‘?é’ fat Béséég()&f cl ai m 64,
wherein the process further conprises a step of heating the catalyst in the

regenerat g5 WheR. §B6s§ 6? éh]Yr§€4 Mt e pﬂ%ss%ﬁﬁér%mbh@é% st of%0 car bon
material, based on total weight of catalyst in the regenerator. 78. The

process ofemsivirigraaliyst fuherthe regeiresatomafier ytsvppmgntheﬁwdmg@ne feeddp thegedseat ed by
i njecting hydrocarbon oil into the regenerator. 79. The process of claim77,

wherein the catiad protest Bf &lkieh 6£GRAJIRER HrdcSssRARGRoRYrises a step of raising

catalyst level in the regenerator after stopping the hydrocarbon feed to the reactor.

67.  The process of claim 64, wherein the process further comprises a step of
removing catalyst from the regenerator following the step of raising the catalyst level in

the regenerator.

68.  The process of claim 67, wherein the catalyst removed from the regenerator has a
water content of not greater than 1.25 wt %, based on total weight of the catalyst

removed.

69.  The process of claim 68, wherein the catalyst removed from the regenerator has a

water content of not greater than | wt %, based on total weight of the catalyst removed.

70.  The process of claim 69, wherein the catalyst removed from the regenerator has a

water content of not greater than 0.8 wt %, based on total weight of the catalyst removed.

71. The process of claim 70, wherein the catalyst removed from the regenerator has a

water content of not greater than 0.5 wt %, based on total weight of the catalyst removed.



injecting a heated gas into the regenerator. 80. The process of claim 64,
wherein the gas injected into the reactor is at a tenperature of at | east
325C. 81. The process of claim80, wherein the gas injected into the reactor
is at a tenperature of at |east water critical tenperature. 82. The process
of claim64, wherein the gas injected into the reactor is non- conbustible.
62 83. The process of claim82, wher&iln the gas injected into the reactor

i s superheated steam 84. The process of claim64, wherein the gas injected
into the reactor is at a relative water partial pressure of not greater
than 0.1.7385. Thseprpeese akdaigt 64 wierpisthe prgsessdimhercamgrsesiafidcdfed into the
reactor i : ! Lal . : t:han 0.01.
6. The prooyir G} U e hB il inRERREHE SoRtorlin WRANGELHRY 1 05 oy
a rel ati vehe rygehantoparti al pressure of not greater than 0.001. 87. The
process of claim86, wherein the gas injected into the reactor is at a
relati ve syat \?\;heoﬁ'f)&ésgl)f A 7H Rﬁle%fin 0 tadf ?ﬁreﬁl'f)véci %hghepl%génenﬁ& had §€ Process
of cl ai m 64, erei'n gas containing oxygeﬁ IS injected 1nto the regenerator
duri ng t heaeataitsns bf wotrecestatthannl. 2 B@t %I based po ced svedght of tiervaBdyst wherei n t he
hydrocarbon feed is selected fromthe group consisting of kerosenes,
napht has, "“#1°¢§%l s, 1ight gas oils, heavy gas oils, vacuum distillates,
vacuum residua, light cycle oils, heavy cycle oils, aromatics and al cohol s.
90. The pV4cesthafroadsabheldsn 7véhesiimthe lvatalyst rambwal fuori nlopisgeshacerehasal ecul ar
sieve is _selecte romthe grou opsi st i of .SAPO-5, SAPO-8, SAPO 11,
SAPO- 16, YABH ,“q 0@2\%@?@ taRplav, . Dasapes ol Vsighno ke i '§§’E°V§£Po 36,
SAPO 37, SAPO 40, SAPO-41, SAPO 42, SAPO 44, SAPO 47, SAPO 56, AIPO 5,

Al PO- 11, AL.PO-Ti8; proges®of Jaitn 74AvbEredatthe AatR@st38mopgdPiteiB The AL erCrai@, haat al

cont ai ni ng_nol ecul a ieves .1 eof, .and m xtures thereof. 91. The process
of "t ar m BACE e BEndl e sntn 65, L p B B SR G el B

consi sti n9 of catal ytic _cracki g&] reaction systens, transal kylation reaction
systems, 79.sonkhd pracdssaf ¢laigct, amesyisthe watalysiaeaoyed o dhaeengraigrdias fs,

al kyl ati %a&?é‘ojﬁn‘? 0f t%ﬁ‘egal?g than VY 84091 ggrééid o rt&&l%éi&}%’bfﬁ}éscta‘?a'ﬂ?st rYRLEM® Tor

converting par I'ns efins,” sys
77.  The process of claim 64, wherein the process further comprises a step of heating
the catalyst in the regenerator when the catalyst contains not greater than 2 wt % carbon

material, based on total weight of catalyst in the regenerator.

78.  The process of claim 77, wherein the catalyst in the regenerator is heated by

injecting hydrocarbon oil into the regenerator.

79.  The process of claim 77, wherein the catalyst in the regenerator is heated by

injecting a heated gas into the regenerator.

80.  The process of claim 64, wherein the gas injected into the reactor is at a

temperature of at least 325°C.

81.  The process of claim 80, wherein the gas injected into the reactor is at a

temperature of at least water critical temperature.

82.  The process of claim 64, wherein the gas injected into the reactor is non-

combustible.



converting paraffins to aromatics, systens for converting olefins to
gasoline, systens for converting olefins to distillate, systens for
converting olefins to | ubes, systens for converting alcohols to ol efins,

di sproportionation reaction systens, systens for 63 converting aromatics to
hi gher aromatics, systens for adsorbing aromatics, systenms for converting
oxygenates to olefins, systenms for comlerti ng oxygenates to aromati cs,
systens for oligonerizing olefins, and systens for converting unsaturated
hydrocarbons to al dehydes. 92. The process of claim64, wherein the
reaction &yst ehhamogesgehdany®ly whetsdt thegas igypsted aato thodsarterdy syresieaiedn syst em
fluidizedyb reaction system fast fluidized bed reaction system
circulating tluidized bed reaction system or riser reactor system 93. The
process of claim 64, wherein the activated, netall oal um nophosphate

mol ecul ar 8%i evEnecRspeess pkclam & avhareiythe gasgnjeaied intpitly 1§ACIoNE 2t BHUE t han 0. 5.

94. The p&ggp@ﬁﬁggngkﬁk%ygéwyﬁggqﬁ}nlyhe activated netall oal um nophosphat e

nol ecul ar si eve ntains SI and Al at a Si/Al ratio of not greater than 0. 3.

95. The process of claim 94, mhﬁ{etn t he actijvated netal |l oal um nophosphate
mol ecul ar 8%5i evEhAtess Asclam S gvhgreinihe gaginjesied (P thy GRENGE At WRF than 0. 2.

96. The pRARESHiAlpr&k@e B Aer g iRA0.0Ne activated netal | oal um nophosphat e
nol ecul ar sieve contains Si and Al at a Si/Al ratio of not greater than

I
0.15. 97. The process of .claj 6, .wherein.the actjvated . .
net al | oal i noﬁ’FFo%fBWéf EEC'WB} d‘f%‘ﬁFe'%fhéxﬁés %‘Eﬁ{eai‘?fg the reagter iapt aytelative; y Al ratio
of not grgakeparlifdReBurd of B8t grdf1& tRAPEGSS of claim 1, wherein the reactor and
the regenerator are two distinct vessels in fluid communication with one

anot her. . The process .of aim 35, wherein . the reactor, and the
egener at BF ar L BOST St vl £0. BT e thS Pisbied BB fiRr0t s 8hF WHRC one
anot her. @Q@rpa{[-hﬁ REQGR DF n6f grédid thabdtopomher ei n the reactor and the
regenerator are two distinct vessels in fluid comrunication with one

anot her . 88.  The process of claim 64, wherein gas containing oxygen is injected into the

regenerator during the catalyst circulation.

89.  The process of claim 64, wherein the hydrocarbon feed is selected from the group
consisting of kerosenes, naphthas, diesels, light gas oils, heavy gas oils, vacuum

distillates, vacuum residua, light cycle oils, heavy cycle oils, aromatics and alcohols.

90.  The process of claim 64, wherein the metalloaluminophosphate molecular sieve is
selected from the group consisting of SAPO-5, SAPO-§, SAPO-11, SAPO-16, SAPO-17,
SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40,
SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, AIPO-5, AIPO-11, AIPO-18,
AIPO-31, AIPO-34, AIPQ-36, AIPO-37, AIPO-46, metal containing molecular sieves

thereof, and mixtures thereof.

91.  The process of claim 64, wherein the reaction system is selected from the group
consisting of catalytic cracking reaction systems, transalkylation reaction systems,
isomerization reaction systems, catalytic dewaxing systems, alkylation reaction systems,
hydrocracking reaction systems, systems for converting paraffins to olefins, systems for
converting paraffins to aromatics, systems for converting olefins to gasoline, systems for
converting olefins to distillate, systems for converting olefins to lubes, systems for

converting alcohols to olefins, disproportionation reaction systems, systems for



63

converting aromatics to higher aromatics, systems for adsorbing aromatics, systems for
converting oxygenates to olefins, systems for converting oxygenates to aromatics,
systems for oligomerizing olefins, and systems for converting unsaturated hydrocarbons

to aldehydes.

92.  The process of claim 64, wherein the reaction system is a dense bed reaction
system, fixed bed reaction system, fluidized bed reaction system, fast fluidized bed

reaction system, circulating fluidized bed reaction system, or riser reactor system.

93.  The process of claim 64, wherein the activated metalloaluminophosphate

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

94.  The process of claim 93, wherein the activated metalloaluminophosphate

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

95.  The process of claim 94, wherein the activated metalloaluminophosphate

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

96.  The process of claim 95, wherein the activated metalloaluminophosphate

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

97.  The process of claim 96, wherein the activated metalloaluminophosphate

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

98.  The process of claim 1, wherein the reactor and the regenerator are two distinct

vessels in fluid communication with one another,

99.  The process of claim 35, wherein the reactor and the regenerator are two distinct

vessels in fluid communication with one another.

100.  The process of claim 64, wherein the reactor and the regenerator are two distinct

vessels in fluid communication with one another.



