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particular, this invention relates to processes or
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removed so that the pores and cavities are open to catch molecules, either for the

purpose of adsorbing the molecules from the environment or to react the
molecules to form a desired product. The reaction occurs when the molecules
come into contact with catalytic sites located within the pore system, particularly
within one or more of the empty cavities or cages as sometimes called.

[0005] The template is conventionally removed from the molecular sieve
by calcining or 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
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[0009] Meses 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.



method transfornms a H+- SAPO- 34 into an 4+-SAPO 34 in

reversi bl e way. The NH4+- SAPO 34 is said to be able to
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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.
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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 wt %, based on total weight of the catalyst

removed.
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SAPO- 1|1, SAPO 16, SAPO 17, SAPO 18, SAPO 20, SAPCO 31,
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WE2R001389 SAPO- 44, SAPO- 47, SAPO 56, ALPO 5, APCUS10p4/020771

A1PO 18, A1PO 31, Al1PO 34, ALPO 36, A1PO 37, A1PO 46,

net al containing nol ecul ar si eves thereof and

SR 5 APRLRE bRt BURSEY Sou L e, g s

arkerssyl ected fromt he gr oup consi sting of cat al yt| c
cracki ng reaction systens, transal kyl ation reaction

s;[@@%‘ths i s dmemroeesics Rt ﬂ@d@t’%lﬁné%wn@nn%aweﬁti%l systems.
h%g@él X %Ial%&%d nlfﬂléa%io%g Jo‘ﬁ@ﬁﬁﬁ Bf %Xlégﬁ%ackm reaction
y rac r conver

I'ng reaction s sys I ng
pawystés, nstrah@albjdetﬁorn steactiomit eswerhs;r 1smmrmatmm gregeticaf feyatsms,

to aromatics, tenB conver.ting ol efj
gsbits vy inectisirty ALShoERFRYOBIHPRE Bfocrieking reaction
zétbﬂnk abRtenty $6:€ @&Je?ﬁn%c oRMvetds B0 oIk BpstdRs [fP@8nverting
tens for converting al cohols to ol efi ns,

dupamfﬁlpsotct ponzticansysteast foo rcosmlegmlefmystpemolﬂm systems for

v Po i g SuRL o PR PR a0 el for

t @ofl@fih@ SlcobyIS tt6 e il d;spfvpefttdna@oromag@msyﬁem@ systems for
aromatics, systens for oligonerizing ol efins,

S OUEIHIE Gromalieeq |hAghen naramates: csKysr gﬁa?‘iﬁ‘ifﬁng qromatics,

t e
de%se ggr Crdélgfgltq{l?lgn g%g%ltér%%ﬁk;(ﬁ[%’ P;e r e%)g? Pﬁ%@@t’e cftates
f 1toi gbmedcs) eystemactor osligoystiemg blatihs,find dysteds Hed converting
reactlon system. circu fluidiz d bed, reaction
G P T Garoote 46 PHEmf e BhPhy 669FINtHE 1By fraeifh system

et al deaed ‘b‘é@ RARNRSRBRLE A1l el k@Hctish SyerhSRliized Bed Riction
processes of this i'nvention is a silicoal um nosphate

rmdyetcml, dnstsfledized itedcteactimy aystem,Shireiefing fluidiesdr bgsl yeaction
ol ecul ar sh)eve is an activat ed

nestygﬁe?lo?x’ilﬁsrﬁrn%aﬁ 0&P4Ee nol ecul ar si eve, which

CoobsINS Si @iypE obinetallGiliAindpBbdphateimsledulgrsiatareful in the
than 0.5. Preferably the activated

rrenrawssﬁm pihitlie pRYSPIAT B ﬁowbwﬂlamn@ma@ Bokcylag ssiege, which
1 tSl ana/ A1 T alp g 1 % gﬁl%?écﬁ art 91%96 s3: anMcBvated

pr efﬂera not ‘greater t
p rméteﬁaethhmlmpho@haatmasledztﬁarnmé)vel Ewhnzin dommm Sp raedl eklads| as SVAL

not .greater than O. | EF CRI PTI OF .TH .
DRA B80T B15281 BSRLS| CoGrePA Rt BT GO PR Gmigpphosphate
%ﬁ‘g?lg?ﬂ&eﬂwé)&rﬁ&ﬁs Sheyn Al Bt 4 BEARLHRCHCSbt FIr8dtée®an 0.3, more

preferably, not greater than 0.2, still more preferably not greater than 0.15, and
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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
into the regenerator, superheated steam being injected into the reactor, and

injection of hydrocarbon feed into the reactor being stopped;



[0027] FIG 1 is flow diagramof a reaction system

conprising a reactor unit and a regenerator, with dry
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the regenerator, superheated steam being injected into

the reactor, and injection of hydrocarbon feed into

the reactor _being stopped; [0028] FIG 2 is flow.
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catalyst is left exposed to water vapor for even short
per¢locidaroiever.nase quicepiEPle fuloss ohveatalytie etk peqn activation and
r o5t KER grfnoRpBRRRhYddh Reblott b fRDoARRY mporant. 1f
hydiieael baalyterdefiexpbedrioatitar vipor Soo pymdshehi pariods of time
£ cbeing st daitd or e 5p e A IORbUCHHFC AL P GREGSEHG

t tal ystaddird; SRt IRBnRS LR Ml @osdBRPIfBE & th
ailtggjr:ﬂst oppi%égcgg nl(ie]éeft%3 ow of hryl/qlr ocar bon .fiéeg to the °
r eaaxt@ris stapperedhileqintactng e agtive ¢asalystjvegh gas othar shanrfeed gas,

reagtion syste ref er abl. e reactor .porki ft
" G20 1o rRyRire SR it Tets IR0 SRl bp FBacRion sftem.
gewandlsioppite dregetr cephgane Mowdas hidrocarb@s fdciab ths reactor, a
non- conbusti bl e or non-reactive wiithin the rgegcti on

sylsekraplaesmep! 825 isfiniseiet ifja dbe reagtion gustems Pigasply the reactor
hel i L : MV 1 ; d
P 0 ABLE A s SH580) g2ty
f eeplateapdraceigeint 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 in an active state.



[0032] Desirably, the feed replacenent gas is injected
into the reaction systemso that the activated

W@ a1080yss89 adsorbs little if any water. The greedEUS1004020771
anount of water adsorbed, t#e greater the rate of
deactivation of catalyst. The active catalyst can then

Do o e et e Sol e B BB e
enhod @Eﬁfg}'enh?e eefl i thafegfmmegﬁsaﬂys wakth fdasb@Rbh oy the

heated a or“sufficiently dry so that there is little
i factivsyedneataystadsltarmatively, bynditimmsadfttempereira of thieystalyst, water

ARG IREENE I T SR
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the activated catal yst are controlled so that |oss of

cateaificantc Hease epndjtions ave cortrqdlersp dhaitthe Fpivgted catalyst adsorbs
condi tions are controlled so that the activated
cgltttgﬁl)%{ly‘év(%%&r bs little if any water. [0034]

Dgea34] vat i omeattiviafien @b kieaublaculsi dee is sletahimedim tds invention
this invention by a catalytic activity. index (CA

, | ; I
THY TAptalyitie\acHEEY dndpga othec keI Brebidge acprarhts %)% cafalyst
a fathlioRhs § ¥Rkt tca}%ﬁ%@§)g50%mtquﬁ?5ﬁﬁﬂé,erelaﬁ% dlateY ressure,
wat er pressure, and water contact tinme working in
c and evdtert antheh tinievaodkinghia eacelt yo deactivats, th gatalysianphies, for

al t hough |l ow rel ative water pressure eral |

cateatty aluovgh &I lNE T O GIEH T €A s catalyst
WeleBdtivRfi&S SMERS 1dRYive Svdtdrt prégsuesd My [beninitigagedt By limiting the
contact tinme or controlling the catal yst exposure

t eapl@etdine et conellmathe entatitt #xpesurhiesmRTiEnt Toe Cpdfprgnula of
descr.i . al : ' ' 1] .

SRRt LRS00 SRRyl LE: ERERCR an
dealativyRbieppresarspdanit cadlyvialeaetbuatip @B8&ecified velatal yt i c

activity index of this . .invention is def.ined he

SO00 Lt al GeicahCiaGHY Y oK PG RUaE ot HBRE o the sctual
di v ivityCat B {tCdidfdeli iy Ynd Rekfhin a8alyti
dgéta?jlﬁ f\;:atg ?{gtrl}@o%tgﬁfrﬁ EWQ%%%&AJ%@%{N%}{E O%\I%& woul d b%ytlc
0 dtvita(beforphey déagtivgmatdovask dnghisatgesd,, thafdl wdudt b0 for a

S R N SRR, S
t octiby.fol | owi ng equation. CAl = exp(/(T) */PPwater) *
alpha * t) whereint = tinme of contact of catalyst.
wil0B36lat er (Hsueaiglytic activity index (CAI) is calculated according to the
following equation.
CAI = exp(AT) * flPPyater)" * alpha * t)
wherein
t = time of contact of catalyst with water (hours)
T = temperature at contact (°C)
PP aier = Partial Pressure of water in contact gas (psia)
alpha =-0.071
n=3.5
AT) = exp(ea(1/(T + 273) — 1/(To + 273)))
ea=-5500°K



T = tenperature at contact ( C P water Parti al

Pressure of water in contact gas (psia) alpha = -0.071
wWm26058188%= exp(ea(l /(T + 273) - 1/ (T + 273))) BEI/US2004/020771

-5500KT = 200 Cwate r) = (26.2 * PP ter/Psat + 1.14)

* 0.175, for T > 180 C (453 K) PPwater) = ((26.2 +

0.272 (180 - T)) * PPwater/Psat+ 1.14) 0.175, for 180

C (453 Kf2f901€> 150 C (433 K) PSat = Saturation

pressu of ywater T (s N In > 10° o

enmbodi m]r;l)t“f“)}ﬂﬁg%fz eﬁf) Vfatef’%lpsaf;tlcL:'rzi)r'rle4 E Qgg?’i S ifrzl)ﬁgc_t é%lo |Cn(€r ?33 K)

t he rea®P| Q) =SK36.2mMEL722+ (ISOPETatPPe.GPaat rl4) har 76y
equal to water critical tenperature g.e., 374 O,
preferably &r 188%st4538out T20UC (WX E) preferabl y at

| east about, 450 C. At water, criti tenperature and
above, %%Tg?’w{:agw}}&ms%mg oﬁi%,&hegﬁ{;&%ﬂgb wat er adsor ption
byod3g acti wabeel eadbdinest, té idedieplatemant 2ed is jetel into the
no upper limt to the tenperature, e>ice t to.a

preastip Yste plehieperaiie greafss an 45 F4Ua o elsk Sijbgad temperature
Dract | : o TR |

DUBEL 108 MGAAL gk SOPCISAL HoRRBIFA Jest o
t H&6°Cab dutwBa0c1ijcahbanepapatefecarabibovaowatgr sammset behliguefied, so
about 800

C. [0038] At t bel :
Pt RO o b B b TRREA 5 RSB i no s
HEWEY 85 th@teriRIREIAYEDS 16 @OFRABAM YoxEdnOSHE nft ¥Rdreions. For
critical tenperature, water adsorption is not

siegmnplec ampractical tmwetatisdiimisis gsherely angvidhtgresier thaa about

f tepl acenent .gas.i S, inj of t '

oy Sfhgt By BB ot B8 ndsh St (ol M phErefoB R Oeater thn
enbegtigmert., the feed replacenent gas is injected into
the reaction systemat a ten‘perat,uraj of at | east

325 .
C1093039] THY terBeraiugss belmater GHECE AHIRFT oYY gfisorption
i re S r res. s
148 ! LR A B OV S5 0061
C térapabiond, B&6r @dsooptidnnist het signifieantf fin omeatrobrdihe® of the
tq abou in the range. of

t 280.C f. b . 180
A T S RO
Clibhb&ahurd SR &da8i 3008C ( BY ghofher ehiBBdinRRH (RERbE EPIRBINCAAGS is

is injected into
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 is injected 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 (CAI) 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



the reaction systemfor a tinme, and at water parti al

pressure conditions, that do not significantly
walemwsniosss e the catal yst. Preferably, the feedPCT/US2004/020771

repl acenent gas is injectedo0into the reaction system

and the catal yst maintained in the reaction system at
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oty 3%%%@‘%@3@0 Fpaid fobCReL Ay BERbAT ety index of o
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dry nount the reaction system
or [0041]t he f e]édatnxeptva!ee pmssurg ziBr) fiedhit dntendon eadefind as actual

syste can be fecti y determ ned according to the

e M@g&% o) Qi @B}é sat Fr@t?@ﬂatﬁenrsﬁspvﬂsat) ata

Wa%l%n @én%%?é{ﬁl% bdowr thé chiflka tbﬂlﬁ@r@ﬁir@ Rfivwatdef The %l@@ve water
ual partial pressure of the water (PPwater) divided

bypressute st theasre pl freewsness qﬂfti;ate)lvmnrmng iiw gvhich the activated

TRRARY T U4 B PRSI 5y bl 1o

Wm@ﬁ&ttﬁﬁtlérh an@nP} + ORARAL tHafthatbias Br éﬂi@foﬁﬁlteht\&at:@ﬂpletely dry.
m)l ecul ar sieve is contacted with the gas. For

Witdle, a Andhip inpekien Ghdaataser ryessuieant the reaghen aystem or

| &
[O%E%bﬁ.f%ﬁ%. LOAF 25 kPO e sy i OHR Bhed Moflgtry Tow,
t hiee.y &c humrdusrymndmons tohe vhileedfrie rshal&&?ﬂs Mtated &S);ﬂdmxbns For
e fr om ver

an%‘am il %@?Q&f@%&%ﬁé FeHest If goacied ith gpory alr @ and

Sadturn s} %‘Ijat%thﬁﬁn&i%ﬁ Oinls BPSontdif waktR AP Sartifll préQarcCor 0. ﬁ9 psia
the activated catalyst is contacted wth room alr (at

2370180 #1 71029,eblzare et lmsi Bi thy patutatips vaiter resstuai a123°C).

e s B T a2 B B 29250

Pr-L9BON 86, ahef3250 psia is the saturation water pressure at 205°C. The relative
humidity of the gas at 205°C is 0.00116 * 100 = 0.116%. This example illustrates
that one can use high humidity room air as a heating medium at elevated
temperature to provide an environment having a low relative water pressure.
[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,



When this air is heated up to 205 C, the relative

wat er pressure becones 0.29/250 0.00116, where 250
WPgi0a/01984 he saturation water pressure at 205 ECT/Tkm04/020771

relative humdity of the gad at 205 Cis 0.00116 * 100

= 0.116% This exanple illustrates that one can use
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rel.ati ve water pressyre . of not greater than 0.1. In

L RERRF oL RbeenBh ERn 1 endth wfie B felg e der préssure of
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reacti on systemis maintained, at a relative water

pl@¥Slr e of Inerothercambadimenipigh@myventipna thet Wigter partial pressure
r ' t r f ; :
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In a preferred enbodi nent, the reaction systemis
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ORS8O P Bt B 255,
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nmeFieaitdmolsrelgesipeshas awaier cenpriaitnobaregist thanebout 1.0 wt %,
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0 B0 B B SR LA bty o
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the actrivated nol ecul ar
down as well as subsequent storage.

IL Type of Reaction Systems Encompassed by the Invention

[0046] The shut down methods of this invention 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,



sieve. The shut down process is preferably controlled
so that the water content of the catalyst is

worehospsizeed at the predeterm ned or desired anPCFUS2004/020771
during shut down as well| asl2subsequent storage. IL
Type of Reaction Systens Enconpassed by the I nvention
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BTG 2 iRl o Ay DU oE AT Rame7ing iging, and
Sysitems o apMehti REsAaRAOLSdiRadbeS | S aldehydes More
di Sproportionation reaction systems, systems fo

c sneafieinty saelosranipdes ingdudd: gher aromatics, syst errs for
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oxfgRat Bpidad réactionlconditibi) intudarfammtabes, SEYS tte Mbofito750°C,
ollgoner|2|n% ol efins, and systens for convertln%
urPEEetea 08 U %somoqrsatfr@sﬁ}eaéhgw ymenging up To about 10

S%@lﬁf){;}h‘élle?l(ééﬁgk)ls h%f e%ﬁi%ﬁ&l fide ; rgﬂfﬁfe%qﬁron{agpég fee®an : glli)troduct

catalytic c a nap to produce
olvath MalysT)/ﬁxomaIbome]zmmlbsecdeo thandOisemndgde from

a 500 C ut 75 pressures of .subat her| C.
q8§4%spher§) er%‘lt 1Cr aﬁ]af’lﬂﬁg u;?ft i IBOJ{I&D weight

atRRRABOES té Q@M&e)m?g?l@ Hy@ﬁic%@ﬁ? IryFRcal trbé'éﬁoﬁfcondmons for
contact of feed and/or product wth catalyst) from

alsetalytiei ¢ra¢ling dnelede ]fﬁnﬁpﬁmjureawfsfe@n nabout HO@“A?B}O Bpouthe00°C,
et BoRRREONR Lot S By Bl gy, pud weiee

r ehaaﬂy@pace&embme@as&t)mrabaﬁt(m 1t 1© abb@cloong’j ncl ude
te rat ures of from about 400 C to about 700 C
r es ofOf r orhhsb diansadkylationneé p peonatich Aysirocerbapoip  the

R SO )l R g

t raategmlewydratqfo&omfabanbﬂﬁ@°Cctohyb:hu®<5@f)‘l£bras prassuirbeof from about
atmospheric to about 200 atmospheres, a weight hourly space velocity of from
about 1hr' 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;



presence of polyal kyl aromati ¢ hydrocarbons. Typi cal
reaction conditions include a tenperature of from
W@bwan138D C to about 500 C, a pressure of froPCHDS2004/020771
at nospheric to about 200 atldpospheres, a weight hourly
space velocity of fromabout 1 hr 1 to about 100 hr 1,
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xyl ene) feegst ock conponents. Typical reaction

cohelistiicoers theo feeduested i andl unpe thetdorised apur poiot. fypipal reaction
about,...230C abput 510 r ukeoaf f.r bo
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200 hr 1, and a hydrogen/ hydrocarbon pole ratio of

f ri8#8Hbout o IKylgjenrofjasergatic kydragaebons; g ey pppzene and

d i t in

str %I gﬁf&e“g{?aﬁﬂ%g?%? ]?%@.am/l’ %gétglgcdtglggﬂh&gb’ngl t |Sbg)§rn glrdghyde’
degileyideitities ad dcgwlnbasng é tonbowie2(f ebom stechsanbypigabneaction
the desired pour point. Typical r Jl-on condj tiqns

| rrondtens mebfigar ubarabie ehBeR shoufi 05500 S I pigssure
Pr&ysgsmeatut %ﬁnb%h@ﬁi@%’ aBShtI2@EN @trﬁ’os‘gh%é da REdIERtYhGUPBCace
velocity from0.1 hr to 20 hr . [0052 lf)_1 The

al vejacatyi oof ofromy oshut ¢ lﬂlf'gr deardbowis, 1@0br, badzane pgatic

al kvl benze in th [ nec f_an alkyl ati ent,
o RS AR ot R BUERENCE, Rop Mo Yk NP
al[©o$3]l s having ITHeo akkplatibn ¥ gramhane adesdarbohy,pe.gal benzene,
reaction conditions include a tenperature of from .
abitR langochain glefins, ¢ 25604 elefig. plEuea) TeacsionsGogfitigns iclude a
at I, Gt b a - [

t@ﬁé&@%&é GQft fod Qt?’c;ut 2563% {owgli&ﬁ%@sc, %a%%‘sﬁpé o@oﬁéﬂl{e’lbout

spac ocity of from about r-1to ut 100
aradmasphario i tabeuth3(r atomsploandsalakwyeighti ngurbgsace veloeity of from

arapgRL? ontootball aila e ayfrb e dioc ROl i ratio of

W frdinla868& ©Thad Ab&Itefo/ NSThe ré@ultinglpddudts ¥R th@keaction are long
reaction conditions include a tenperature of from

abdein Byt aremativsutWiiolh Wheng sphseqeantly elicnetsdh hwvsuparticular

at ri bo 00 .at nospheres, a weight hourly
sp%ggw\}le 3gis§1§h%’fc #ére(g%?na%out 2 hr 1 to about 2000 hr
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about 30 atmospheres, and an aromatic hydrocarbon weight hourly space velocity
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[0055] ) 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] D 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



to provide short chain al kyl aromatic conpounds, e.g.,
the al kyl ation of benzene with propylene to provide

we vsne38Iypi cal reaction conditions include aPCT/US2004/020771
tenperature of from about 1@C to about 200 C, a
pressure of fromabout 1 to about 30 at rmspheres and
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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
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hourly space velocities (LHSV) of from 0.1 hr to 15 hr'’;

[0066] T) The adsorption of alkyl aromatic compounds for the

purpose of separating various isomers of the compounds;

[0067] U) 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



chai ned hydrocarbons, preferably having a boiling
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cihiy nysgtien ppopertigularly suited to reaction systems that require a catalyst
loading of at least about 1,000 kg of catalyst, based on total amount 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.



pressure of from about 0.1 atnosphere (bar) to about

200 atnospheres (bar), a weight hourly space velocity
w@boosoossabout 0.08 hr 1 to about 2,000 hr 1. POD?33004/020771

The shut down nethods of thi’s i nvention are
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[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.
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[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.



process or fast fluidized bed process, and the process

i ncludes a reactor system a regeneration systemand a
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[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
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¢ RePblsi ofnd R Gita, SachaRBl HOvL SiHrh aBth 1 dbgone

f leRido BN dnR tc@tal RE ik @ARIOAaLIS to5th® BRRHerMdr | €aiGdd 19}“ n?échﬁ@ a lift
cat al yst between the reactor and regenerator.

prge$ artafl yegendiator egfumeling. orEXampbpe]fa b8 ghsy wlngchstamt be used

enerate t he, gat al era
r egené 4t %g ¢at® q1tr%%env\ﬁ‘i rga%i(&g% f”f‘é/ &ydge{ é{f'i%(}r (iyfyySteam,
C@mhalaﬂygdpdmmmm)y f or st art up or stored for

| at er. _use, using proper storage nethods. The catal yst
cé?ﬁséé r enp VR 8OP GRALANGES, HemeY Gedlesiraile ke feave the catalyst being

PLet@LRBY thd {ngbeé‘g% Xﬁ§ ré nér%&vgg {p %ngere with carbon

regener at or . I nui g ion o
c atadnied sudhetsweke sb he ta muide rexan grotegien dorethe batafyktaturing shut

ed to he reagtor. i s sto , and conti nui

‘@ﬁ}ww BB Eycntbrcaeht HBaHD oA B Gadmi dhs shiagst can be
n&ateing c?o@ﬁ:ﬁﬁ Y46 tlcadd b|2 WiaRtddREEOT Bt E%stc@ws%egwt %, Or
the catal yst regenerated to the d Izl}gree desired. I'n

oﬂévtemlﬂe, rhased o tertall Wei ghtaif e baielysin abdhoptiquelly e to 10 wt %,
RS54 9% AR S8 B o AL, s
¢ alfw]bldael&beﬁiable 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.



during shut down, is nitrogen, helium flue gas, and

wat er vapor (i.e., steam particularly superheated
wWGee@anj)e38§ 0084] In sonme instances, it may be deSI/DSIN€020771

to | eave the catal yst beinglcirculated in the system

partially regenerated e.g., partially covered vvith

C mat er, SucC asS C S t.0 provd

CHAMAT, o R RS e B SRR E s Pt P o 6 et a
C @A¢lbrtNEgObxyiolh 18 REE GetRAtratol A6 ABMbuAScatBbre@fihEor coke
the catal yst can be regenerated to contain at | east

0 tgat s w@z{w@y pieseit <P1"eathQ @tatyspt okhis| vipjeghomprofpgagt cay be

gg@ggﬁﬁ%jnfglﬂ O?r&@ilatl h}o%hészff{;&t tbgéﬁveceﬁt 8!3 &?&c&g aarﬁg r’egenerator

basddr ofjecting ahe foed géylaceinehhgasciatoathy stactdrn Bvehéf the catalyst is
i nst a it wll be desirable to fully regenerate

t Ret e&efﬂt%‘fetwew&e ES3P 100 Pt g eRHR P dhesgAs canrptith by grgfed into
t ehd¥@8thekdioFhily/ b §ebdl Bplat THEA LA 8 bERS inRetdd intb tﬁf‘e reactor s0
catal yst can be regenerated to contain I'ess than O.
wes %0 cakbyst any lceks thahamay be Ipresenton thd M@y&thatd 0. mantwn the

% co base wei g of .t he.cat Such, ..

o eRRlsS i BEar O e S5 it r 8 B Fpesielted into
Sty Rentistef irPiRIeOMyigah, 0L T N,ON NG, 0N, "NIDLZ Qir, air diluted
deact Ivation by contact wth water nol ecul es

hgifrosen pleepsbesr diokidg, exieen améwaﬁ,@r @hSanr‘t@@}éﬁ‘er(ai‘lﬁJ%)
i [ ni 0
S P R B
0 mm@sreal ftom peasgarterater, hide thetgak ysﬁtalm'ﬂgl oxygey Bdhjeond afto the
gas can be acconplished while circulating the catal yst
b&BBEA Y he reactor and regenerator and/or injecting

t fgodeped remh %ﬁ&ﬁ&némﬂﬁﬁmbﬁ‘tt O @ ein\rfﬁﬁ%h Ofhe &YVt 'lévei 6 the

catal yst is not circul ated between the T eact or” and
r ewnenamrm ralaekie)r gmxeasaqh dsting thelsbui dgwee pme$sn wbichhmn occur

rﬁ?fé@f élgg eﬁtﬂbe glgdg Oglofe gi%tt g, sthe Qegﬂglevel of

t balysBin Be ng@ﬁ@ﬁtbr @hn BeinERhR Yt a1da1ﬁdﬁﬁzQ iRfadioR or to
the catalyst in preferred fluidized state. anpl es

Pff‘éﬁ‘é’eﬂlﬁ%&m@&wa@éﬁf .njected into the regenerator
e oxy
d;i\fd g Qnotﬁ’er ag%e%t oihl!?lel d{\lom c ggyé caﬁ"f)é furﬁ heated

dW|t Itro of carb oxygen
wetirengh( Ml S(telﬁal @ntcel\ld“he exfedtal E@.ﬁite cm&)‘ekh)nwajahwmg eatalyst in

glg/ or dr ogen. In one od| mentﬁ?8 regener at ed
eaF‘-‘;?ﬁP iU TEEFRSVEEL f 118 St Qfhiepeliognpgystem 2

0RSmBAHAI R 'h?@ro@é%gﬁ ﬂle'l Sarl Y L%‘EH eq'hé %lﬂbﬁﬁi%n of a r%’uel to provide

regenerator. [ 0086] In another enbodi nent of

i nd@hpnai rheat ban babaﬂtqﬁstal i wbutnstandse whege iteis ailfﬁcult do inject

V\ﬁF% %shatioll.gg]%J r%gdc’ueg tgn%érg ret I(;]I'e W Qr%tthgr%\q@ iR AT 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



during or after the flow of hydrocarbon feed to the
reactor is stopped. The level of catalyst in the

WO e@snerssd or can be increased to aid in final PCT/US2004/020771
regeneration or to preserve2heat in the catalyst.
[0087] I n anot her aspect of the invention t he

cat al can be furt tedt gh an extern
< Pl TRt s CGuTIPELARS. 1B TG reaRypTHER dhhpated gas i

CafrBfclitly b 0ad D RAE bRYecR! asra@&ed@&%egrabo{r@ further
heat the cat al yst or reactl on syst em a conbusti on or

hyl@08%¥ar bon Museparitentertsenbedigent, Thiay drogwihest dil sudf asefof epstmple

cirBuivit arpBl P 8%e Cche Phelfie P dorh Bl ot fads voed

gan fafthdr ipht @RQEEyst ﬁmh@fraddﬂibﬁ sQ§teh esruehualyaroeaﬂbSn oils can be
i nsufficient coke on the catal yst to conbust

nalmwaﬂrthgqy%hﬂ@z@ﬁt i{e &t Paslgot ealyst @tdscwb%tq#a? Resferably the
PSR o f R 1f1féf;tteﬁ “?ﬁto%ﬂ@ p né}%} when tt]?fca&ﬁ IX‘?etl redofies a
systent rops lower in ténperature, or

dqaedlet&raﬁnmtleaél t More prafbnpbly, dwehycbomhsmaoﬂ IWImJBCtWthﬁD the

nol ecul s i ncr eas 8 e enbqd
CeRTFoR Y Beh oy G 6 Oy erAISSH G SRaF e dplegi gy nozzle
| Npegiad RidFatieHadRSehdMcil i ?I’IJ&XS[B@H% drbBeL&R8il GAnRBere is
|n ected into either the reactor or the regenerator.
1ttlh o1 me @oko remainiag lvadhe datglyst méoemoaf@st@m \Byaingssting the oil
BJ[ a enr%génegaﬁ%f aﬁ%tg?\/g Cr& aéjagdcg% ?%1?% Pgﬁey §1 g%\é will combust,

r egénerat

comexabgalnﬁtgnt@my@eneat as thd sectes eysihadivaibgvie sh0&in bfocess,
particul ar enbodi ment, a hydrocarbon oil, such as

f of‘r"eé RBrphe catalysishas beersbptentally ar gty te,%@meéat@ql |, light

Vi di es i t

: u@??}@r heat Actlc}]ltl&gagtﬁg 1§ Pre%raﬁlﬂz)ré\}elge?t to otﬁe gacts ?st VQheg thﬁre 18
hymht gefickenn cakiel @ tha natblgsu injoerti@do tblunou@,tthem‘zy kwplying beat to
a bed of catal and conpusted. .Prefer I t he

hy'df ¥8FBon atf%raﬂ% ithy &eplgt ﬂw%dltlﬂléaﬂryeg Xhep thieatalyst
t N@nbAtPh N Fredt@MBhn HRRE NGt B RFRAShERANEs el %Ylecbtal W{g%t of

preferably,” the hydrocarbon oil is |njected into
r eqpésApst an dre sMs@m oMoxng p@rferabie, ﬂhew:etal}af 1swaiﬁatopglﬂy h@ted when
ab ection noz

P el ephEER R e, Gon APRke PRies iepliPoompiginh and most

\I\zﬁmﬁtldﬂmtﬁnd)tsg‘rbatéﬂ then @bo @. 5@k &, Ibase 61 fl@alGJVelFﬁ’tQ)f catalyst in
catalyst to be combusted. By i nj ectln&@the oil into

HBe rysfemer &t one eémhﬂdgnwtx Hleacﬁ%i§3tc@n § i Y ek yogeperator is
t
F eldflnaty heq SFUANT tne SRIE R UPLRLRHDDRER! nifntdlf han
afabent 2 bt % a;trhbtymatdmals bbﬁdmnstutat tvaight af tafalgst ih tid nggenerator.
i onal heat ref

Lﬁ%?eﬁé%%&?%ﬂy% gcggg é}{éggrlt hw,]rgﬁeqeﬁaéprem gldﬁlonaﬁ}rf %Qlttgd 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



not sufficient coke on the catalyst into order to burn
of f, thereby supplying heat to the system Preferably,

wo b@sosssd yst is additionally heated when t he PEI/EE2084/020771
contains not greater than &3out 2 wt % carbon
mat er i aI, based on total weight of catalyst in the

N S e b chUT SR P B Bt o o
abﬁ%&l i'c"‘ﬁch@t?agxk?géhegﬁt 5 Ilef’altwelgasegf&%ﬁergﬁﬁés %Hél &rt%w%‘st '??to be

greater than’a 0.5 wt % tot af
canahsastedum therreacslpatsmmlfur o adimiteditment Othl_ehase the catalytic

S Bk b RS SRR B
nQaIt t@ﬁﬁ@hﬁfestﬂb@ Rrétp® Uhar? ab¥ut %oom bﬁ)&e HRatiRiladly, nd? aﬁvg@a@er than
on total i ght of catalyst in t he regenerator.

prabput iy ¢ cmmé tegneadtyrst therpatabyst tsegaintainaddn thesreaction system
addl 1 i;8Nal, lIXalltﬂtg@ttﬁg Xi@lgrﬂ ta&?w %Bg% Ysitlorla oJeht?l sifgd level. In
regenerator con han 4 iw? b

C adeleral, ithd edthlgdt, coﬁfaﬁlllmg)&ie a@ﬁf/:itbd) Hoddchidar @ﬁ’(fe o maifn&ﬁned 1n the
than about 0.5 wt % based on total weight of cataly

i rref-qﬁ@nr%@té% af-ohe rmega]m%toré@gqnsmﬁprtmsat abh ngp@wéures
shyt de Otﬁﬁr? Sho2S@ %Sirs! eﬁ%%r%lyrﬁle %s‘fill Jon{a%lﬁg the
tenperature t I's lower than desirgd wever, as

| aregvated medletularesivmt év npimsinod et i such Hempeatirésoin dyes taastion
and ti of contact of act ted catalys .t h ter
TOVEER B gt S VAR 1eRas 6o B (RSB Y o Eicater than
acdboMi 190 hi\deXx EloghenBhbbdichal aw @atﬂ?rﬁdﬁin%fﬁhgetﬂe activated
| evel , the catal yst can be pr otected from si gni ficant

| gBele@larcsievs iptmainiginedvintthe reagtige sEstemn at such temperapeey from
! anoE@W B&Hrut'bea% f&fho(ﬁ% %F¥'150t1n FBQ‘outt% gl'?c%ug% nﬁcﬁi‘c %qw'uﬂl and
t he reaC|onss on mte

Otxhejre\/\pmmratﬂj‘nmoc agradt@ﬁ than aghiouw i2é\hoofs bhabom! EThid@ds or about
ve may, becone significantly deactivated. Desirably,

at htiperat theedysisgt 1yhertedio higher AnBRAratytss, e pasplyst can be
parﬁﬁlh&iﬂearllnythg gst%eﬁhgﬁnﬁeﬁ‘ﬁ%ﬁ‘@&#&l g%{t ﬁﬁ%&tioﬁa%n catalytic

t enperat ure, cat al I's mai ntarne
r egtivitpas :sgesuled cfamtacamthmtctroncvfeaumsal n the catalytic

actj vity .i ndex t or. a e .t desjred level h

ékgraﬂijgﬂgiég% R e activated
rrqbeml ar  sife¥Ruti ®witbhdtbmled efkchded, RRNMEACHdsAALIS NS WBMad the
(e.g., the reaction unit or regenerator unit) at such
t éﬁ#ﬁ?éYSéﬁ@ﬁb&lefrwtlﬁmsyajmaq - ﬁpﬁawﬂ?@b Betresnor droggeierator, and
Pr r Iy, ti

ot g o iond iR, Ehe FARNE, B BRIt veryiona

t hﬁar[erﬁCFcberaﬁlpEt eperiiys fopinlgadiag edtallstaan Bb dedateddirectly at a
hqur nor. e p erably not greater than _about 100
hgmﬂe%p%’ﬂ%i) @ﬁﬁ%t%@ﬁ fegenqrater @ael e cafalysh yp ﬁaﬁ%@rq% the
adeMALE dpiRl 29 n‘? thé ca?élgé’tels FetndVRH Ho ﬁ?qeéc@ortd?%generator after
reacti 6n systeni’at such tenperatures from

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



about 0.01 hour to about 50 hours, or from about 0.1

hour to about 50 hours, and nore preferably not
w@e@anersse han about 24 hours or about 12 hour SPOF/USI®04020771

6 hours. As the systemis Idated to higher

tenperatures, the catalyst can be nmaintained in the

: i ndef i nitel . t sianifi ‘ q . .
APaRGE Seat lertybal! AP areEetiny o kst PO e At more
&61abBSat 1da¥t wilel @afthNtempandrsSt ori n Unl oaded Cat al yst

092] I'f shut down becones extended, then it is

dde04dbl e t dAsuhe eatalysttis unleeded Semheiereting sysgey itgh placed in
system. e.q. . [ t r r
S5 S B ot AP Bebeh, P 0RO afe GIPRSERN AT v
unh@adedoi » sabyantiohvelntiicnal catsintie nctiFyr indxanHoe example, at
openi ngs for_unl oadi ng catalyst can, be Iog&ted
ditPTBRETRirest WhETB YA i OrRioB P Yo ther #hELVAIed (flyshcan oceur (e.g-
r QIRRER AP Eriti @M e G@t &lci 36 nstndreadadad Jcagsd0er 260°C),
openings. Preferably, the catalyst is renpved fromthe

r ehectaalysins stegpd e transportad teemainkeen f cabalytit a¢teaty index ¢fcat least
r tor.is. st e re preferably. aft t he catal yst
hds atﬁ’éﬁ‘efﬁfal?’]é’gaé ﬁ%?tag%&%&jn‘lrg pregehy Saios. | cvel [0093]

| nogys enmbodh Rsher éhBodimbrd ¥Sthe ligveeiph, thotottineN®r storage
unl oading to mnimze rate of deactivation of the

C & & apsport peo vidss oY Erops toRViRinent BT Eieygasayst containing the
Desi.r .. ca t Lk [ I : . '
OFRHAR! Loy PSR oo LGOS BT AR e
3Qeeve, lopd&f artald yomthinkeadth abgust 032iguid, blankketnarder anhydrous

preferably at |east water critical tenperatyre. [0094
ASOpdigopnt AF pEaviqed heriibate anhsfda?ﬁ%&%é??@aeﬁi tﬁﬁﬁ@p&ﬂg ﬁ?‘le no
| tndS (AL Btk aﬁoﬁxﬁ@é HARG" TheanByREU hs lank AR Provided

The catalyst Is stored or transported so that there is
natnder wehshaotditibny eduder gmosphetiatoalgyeaier peassire cogditions, and

i ndex, Faqr. exanpl e t .tenperatures where water

5oty B Steate tiap SROUC A Eme PSRRI prsfigably not
bedrese B ibduk 00 volmé %&I’@ﬁ{ta)&éﬂér,eancﬁrﬂﬁﬁ prefent®ly 96teRéREr than
than 300 C, 28CC or 260 C), the catalést is stored or

t raRspBO2 awluree percpntaveicn dhe aphydreusaiquiditlgnkehgalk dgsirably
oy E RS ks Rl S0l GO0 ot bR BhetCrafity AR R AR B abaut 100

of ppnievatéry and indste prbferabbntnat gedatdr othars tabowtg®0 @pm water. The
transport pr.ovi des an anhydrqus environnent for

. the
 ATRIOS ESHTORTIFT gt HcarRlied JU eI eTage TSPtk Chipadiig of the

ey AR BRI GRN be provi ded by covering the activated
sieve loaded Iinto a container with a gas or liquid

bl [#0%@t undeFheaanhydioosigasddandict isongas undemutandiarfielgmperature and
Eg)rrgsi,sﬂfe ctolﬂgiti%pl_p Xndc{ does ndfRat'to latrilyqsl“ll,igr%ﬁgeltn Qlégrtee V\%/'iitlhl ‘che|>1 Rbfcular
sieve structure. The gas is preferably at least one gas composition selected from
the group consisting of nitrogen, helium, CO, CO,, Hy, argon, O, light alkanes
(especially C;-C, 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.



nore than a limted anmount of water. The anhydrous gas

bl anket can be provi ded under vacuum conditions or
wap@enissnospheri c or greater pressure conditiPCEUSENH020771

wi Il desirably have not gre&ater than about .2 vol une

percent water, preferably not greater than about 0.2

{0t 2 i pr foBkFC R 8 Kol pGE oBindard

| itetpatterdiidgiredtutd cah@Riohabind dvay BoN@hctgo ey @fgniﬁbaﬁt degree
about 200 ppm water, prefer ablﬁ not. greater than abouyt

100thoihe meleatlar sigve ﬁtﬁq}c‘éursf ekher By is @fef%qa@gtegrleqsﬁ Sre liquid
2 S31of P ARl Fom A0S ARG SPROTERL: fREG%C,Cx
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dggr-eQoWdt {/stddf hARhE GUEREuISHRY 8asS t AHGIWALE: vAdHR tBASWbEId be
preferably “at | east "one gas conposition selected from

t rmelggmﬁu poutemsd s th¢g:l®;sﬁ3d ﬁYSttﬂ:m gen]d brehdsarhed b, thecgfalyst being
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b|v¢cﬁﬁ&be aaddriRgl tRpitRtcataned (ﬁhSl %%n]@'ﬁﬁﬁﬁtﬂﬁledama{g@w dhegxposed
under vacuum or at pressures abqve standard, even if

t etalt ibansorishisygiemavaitd gpeaiadeadipg peivetodrfalyst mig the
anﬂ%gﬁs cltogi qfl?en%! Le'[ng ﬁd ticy ngatﬂgég%ﬂlﬂtﬁlg 9&81%] %(gfé dably, the

bus qU| iIs a’li stan
t eap ey atwtaeechswaqoﬂod&ep ttlee cavalgittin artmldlawdjstdt@ei?imulation of the
react to n|f| nt de ree with the nol

|
sie 6 by B Ponentionil oV G PRTRICEPE oBhy S8t TREGSE nghgeact

litguinf, %&mmt Idegreé el Rkt gd ﬁlﬁfé@hltap%legz%ob%&ﬁ*ﬁsbﬁi b8 Jused.
of al Kanes, cycl o-al kanes, aromatics, and al cohol s,

pabteimpldsaef suctAgashy ambirisdoriieen hf@n‘@lm{lg)@gﬁ]s (erg-apiok étrogen,

s{l%?‘élalwﬁﬂ)t éﬁ%zr %Qg'glgglg{,gl{gil gﬂ(%n (§a1 1cg@rl¥%f 154 'clﬁkabnes espemally

AnyetW@iceindvéRaie),t £l cyidhittalxe, fid gh dyw ghbsyangieny ahbﬁ%dmlbﬁstlble
the closed system woul d be adsorbed by the catal yst

beqo@nwénéltﬁrﬁ;qf Prederghlytadings upgshashg cirddlating gahe syst em

.cI ozﬁgesgpt%agtm mal water woul d be adsorbed by the
c Iy nly m nimal damage to the exposed
cgoedgyst, i fTirmatalsucimt Sy stednm wbeitiogde oéties hyvehwdcmams
activated

.cat al into the s tem cl.osing
arfBOlFHIRILTIgYS ¥eﬂ"‘ﬁ% ik ds SYCPIPIS R Hedftiveiat A Xlﬁ%ﬁ? with
93&§até§rn§fe&ﬂé‘§ at l?éjméf?:cﬁ% livds een &Jﬁﬁcl‘ﬁé&cﬁinﬁﬁé catBly8t or catalyst
fluidized state. Crculation of the gas can be b

conixénts ercaprefirgv rmet@lﬂoaélunmm;;h@e nmiw@%sSlﬁm%/th@Fob@e a
norglolec &}ar framework that include [AlO4] and [PO4] tetrahedral units, such as
metal containing aluminophosphates (AIPO). 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 metal-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 (SAPO), European



to any significant degree with the nol ecul ar sieve

structure can be used. Exanples of such gases include
w@00g019380Dnt ai ni ng gases (e.g., air), nitrogenPCtresionny20771

CO, C 2, argon, light al kartés (particularly Cl-C4

al kanes, especially nmethane and et hane) and
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o eSS ICisa b s S Too i1, [ B0, Us.
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( Wﬁﬁ(])) U %’he@ﬁ&r%%eferred molecular sieves are SAPO molecular sieves,

and metal-substituted SAPO molecular sieves. Suitable metal substituents are
alkali 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 IIB, including the Lanthanides: lanthanum, cerium, praseodymium,
neodymium, samarium, europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium and lutetium; and scandium or yttrium of the Periodic

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



No. 4,737,353 (BeAPSO), U.S. Patent No. 4,940,570
(BeAPO), U.S. Patents Nos. 4,801, 309, 4,684,617 and

W@ 28801820 (Ti APSO, U.S. Patents Nos. 4,500, 6BAT/US2004/020771
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metals of Groups |IVB, VB, VLB, VILB, VIILB, and
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Y Pt 3nEcr B irter Min, 7 alfy ©509h ) Shother

[ Qﬂx@ahuﬁbn@riﬁ iesromei thRb.1 tb Beoutat 2lid geitenhaePhesRR@DES, v is
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byn thectengs AfifAm Pkt anp 2 B e &g RITEpR dLontos). &t more

| GActraBAm AN 1918 PESNL froff GOEIARLYy R SH 82169.5, 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



tenpl ating agent; mis the nunber of noles of R per

mole of (MAl P ) 2 and mhas a value fromO to 1,
wee@sorskly O to 0.5, and nost preferably fronPQr/Us82004/020771

0.3; x, y, and z represent 28he nole fraction of A, P

and M as tetrahedral oxides, where Mis a netal
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fromO.01 to 0.2, s’from
0. S%R@-l(] BSA]f(D]l(SS]SAnP(Dﬂ@ SAlR0i3ie SARD-3heS APO-SAT | SAPO-36,
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c adpacigh eanighdes mqi@uéqmpﬁi@\@suth@@of:or@f thespispaticularly useful
Cgﬂ{ﬁ L?!iru&?%es%% one c%es cgmgﬁgﬁgrf’ ﬁé%m 1% gEP%f 34, SAPO-35,
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et/ O-da) SAPOatH) (ASM&BEA[HID-GQ lahdi fnesdl @vi@aintfg deffivatives thereof,
i nventi on cont ai a Si/A ratio of

GBS 8F DR SaUINEIcS, o1 APOr L AT R4 AT 8. AHEIA 18, and
at}ﬁé’cﬁl Qor?tamﬂ%r &eeraﬁtfgsr allabrnata QE&@%@IR %r{%a[}r %b%ﬁblg%tgm of

still nore preferably not greater t out
nt&%P%éf AtPcQ}Il& amdtm@aln‘emlmg@mmhmstthérsdf | n anot her

ment, .the Si./ r at ffi.ciently hi
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a0 :g' 8o dreilre Miger aBsiallideNBhases within one molecular sieve
met al [ oal um nophosphat e nol ecul ar sieves contain Si

arf@mRpsifiona Ipapartic atterg@a@h rapleenlarosions, arergiescribed in U.S.

PIELES Al S R0, 100 AR RGPl

andb. MVIEO%ﬂISQQQ:CIaIthh@NAanSGI 3998% ch%ll-l r¢>|f| xﬂl%bllﬂ %@e qge@np fully
a .conbi nati on SAPQ- 5, SAPO APO- | APO- 1
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A8 AR PO, EEER AR O o,

Alﬁlibaciﬂar SMVI'@’@S% herAlnP@a Eompﬁmmeast anel imepadwth phase of AEI

Coné%}%% ! ag egf)e%\l/a?ﬁl vgllge% e rati(gof bﬁ%slgrémework-type to
AEI 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



nol ecul ar sieves are one or a conbination of SAPO 1 ,

SAPO 34, SAPO- 35, SAPO 44, SAPO-56, AIPO-1 , ALPO 34
w@easoetssd contai ni ng derivatives thereof, sucPCEHESHNE020771

or a conbi nati on of SAPO 189 SAPO 34, A1PO 34,

A1PO 18, and netal containing derivatives thereof, an
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20BRarmyg5089 and | nternational Publication No. WO
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sieve crystals) are synthesiZzed by the hydrother nal
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of sources of silicon and alum num or silicon, _ )
altuiehlpids, 05 poyhessipation, thageebr ah¢obyriant sawice of aluminum is
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plmadedudarsieyh. as pol yt et rafl uor oet hyl ene, and heat ed
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bQndlﬁ&‘eoéllﬁﬁl%gm{l)éoﬂthihfﬁg%ﬂoﬁgho_r&ewr@d‘sﬂﬂ)%,' iB0uad ?ﬁ horic acid,
0107] Non-limting f silicon

decanti ng. exanpl es o

s ouganés phosphaige surlh ias ariethy! fphnsmhatsi |and agrystellinexanpherphous

Al - ' " for k
VRSB s RO SRR el sohpUIaNee CetRt A

agohenichaképtt oot ﬁ_ﬁfﬁbﬂldrﬁs’itsq&ﬁ%wic@éﬁﬂ'@h@iculaﬂy when producing
tetramet hyl orthosilicate (TMOS) and
t @stlgcophpiipenbeeaialg cat e (TEOS), col I oi dal silicas or

AGHPRS SUSRERSALAS tehiptitiR agents or templates include compounds that

contain 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. Preferred templates are
nitrogen-containing compounds, such as amines, quaternary ammonium
compounds and combinations thereof. Suitable quaternary ammonium

compounds are represented by the general formula R4N', where each R is



for exanple Ludox-HS-40 sol available fromE. |I. du
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w@eopsomskd nati on thereof. [0108] Non-limting PXED§I00£020771
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e upclegipdf Bpmb|the agroapk yonystingp Gr teirpcthy)| agmenpm salts,

' to : on 0111] - -limding.
BRI GPe o raaSRRCT R v WO AR e
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Rl o R RO CSPGRERY1 3 o emplating agen, is
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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.
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Cenerally, the synthesis m xture descri bed above is

sehf eycsh tamplating|agenfdandéen erganisr kase rtabml;nbund@a?olutlon of the
%&9&2%3{1 \g%e%gurfgr %ﬁagrtlp"i‘% o @%51%5’9 8568 ﬁ g%; rein

from T0 a C, “suc roma
C fully ateotpor2&DbyGefdraticeexanpl e from about 125C to about
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Zlgfwewbod. # methods Sior spatedizige maleete sleves erf énocllfwng
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or the sane franmework type nolecul ar’ sieve.|[0115
t iafethe gquplating tagerftotonphdsehams)s (A Patentpalot |6c;00ésl 5|55(use of a
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ooberoLNCPREE T, STH312 it PRodiB, J7 55 ¥dier v
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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 art,
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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.
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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.



material will still be considered virgin material as
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catalyst is considered a binderless catalyst. If binder is used, the amount of binder

used to prepare the molecular sieve catalyst ranges from about 2% by weight to
about 30% by weight, based on the total weight of the binder, the molecular sieve,
and optionally included matrix material, excluding the liquid (i.e., after drying).
Preferably the amount of binder used to prepare the molecular sieve catalyst
ranges from about 5% by weight to about 20% by weight, more preferably from
about 7% by weight to about 15% by weight, based on the total weight of the
binder, the molecular sieve, and optionally included matrix material, excluding the

liquid (i.e., after drying).
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Hggrebxré@q;rop%qumtx% the smaligefhe 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.
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form the slurry can, for example, be one or a combination of water, an alcohol, a
ketone, an aldehyde, and/or an ester, but normally will be water.

[0138] Liquid is removed from the slurry containing the molecular sieve
crystals 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.
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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
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are typically nost useful as a fornul ated product.
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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.



scal e equi pnment. [0143] In one enbodi nent of the
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to olefins or a catalytic cracking reaction system
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alprgdaadi, cisqoopamiot)i mgthyl ethyl ether dimethyl ether, dlethyl 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



conmpounds such that the aliphatic noiety contains from
1 to about 50 carbon atons, such as from1l to 20
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carbon atons, preferably from carbon at ons,
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[0150] Non-limting exanpl es_of oxygenates .include
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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, nore preferably 2 to 6 carbon atons, still nore
preferably 2 to 4 carbons atons, and nost preferably
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essentially non-reactive aronmati c conpounds, and

mgtep)es t hayRQt 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 ny/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.
09/708,753 filed November 8, 2000, which is herein incorporated by reference.



The nost preferred diluents are water and nitrogen,

wWth water being particularly preferred. [0156] The
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liquid or a vapor form or 4 conbination thereof. The

di l uent may be either added di rectly to t he feedstock
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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 compositi(;n 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,
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an inert gas such as argon, preferably steam, to recover adsorbed hydrocarbons
from the coked catalyst composition that is 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.



sieve catal yst conposition or coked version thereof is

contacted with a liquid, preferably water or nethanol,
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nitrogen. [0166] In an enbodi nent, the amount of fresh
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coked catal%§t conposition js contacted with a .
[0172] he 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 combination thereof, A preferred technique involves withdrawing the
regenerated catalyst composition from the regeneration system and passing it
through a catalyst cooler to form a cooled regenerated catalyst composition. The

catalyst cooler, in an embodiment, is a heat exchanger that is located either

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



regeneration nmedium preferably a gas containing
oxygen, under conventional regeneration conditions of
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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 is passed through a recovery system. There are many well known recovery
systems, techniques and sequences that are useful in separating olefin(s) and

purifying olefin(s) from the gaseous effluent. Recovery systems generally



t hrough a catal yst cooler to forma cool ed regenerated
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t He17i ght (ﬁthtmeemblgc lesﬂdmsltlamelnclude purification systems, for
example for the purification 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.
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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 oligomerized 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
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[0187] This oxygenate containing stream, or crude methanol, typically
contains the alcohol product and various 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
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described above. The preferred polymerization process is a gas phase
polymerization process and at least one of the olefins(s) is either ethylene or
propylene, and preferably the polymerization catalyst system is a supported
metallocene catalyst system. In this embodiment, the supported metallocene

catalyst system comprises a support, a metallocene or metallocene-type compound

and an activator, preferably the activator is a non-coordinating anion or
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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.
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Satased @ﬁasﬁ'@ﬁrﬁiréd% eiCle e lodl keSdatadys ireifeeddiatbh1®4. As the level
enbodi nent, the supported netallocene catalgst system

c%tbﬁ catalyshingigptss ebovea Redrasarbrieimechen fae AP el rfesi gy feant
ngf %gﬂoﬁ‘ nm%hblv %19 rbeeH r @Jn%u@{éldy ﬁloﬁle ’cﬁ‘eC tdaYa;%si) rsoI ?hat

a non- coor di nati'ng ani on oral Unoxane, ~Of
t dftemlmsflon Esﬂdwmﬂttempﬁﬁme‘ﬂnl tiie tdpenaatonr 164 décre&es hydrocarbon

noxane 19 The pol yners produced b
yﬁewez%f@. gﬁ ‘tﬁJho budrolirben i ieaielh dine ?f%%wed%ommue the

| éd’l‘l@(ﬁfstl&?‘ﬁr&%ﬁbs ' thé!re@@lléé@ﬁlﬂﬁ,/ B0 emSlrARt L TR LS ropnate level.
pl astonmers, high density polyethyl ene, OMIdéW

p@ﬂt?bﬁﬂﬁb}ﬁh‘feh% bepo Iaymmppgtble'rregmmt@bisypmop@d byavay of a conduit

ropyl ene based pol ymers produced by
tﬁ%p ﬁ@?’%- n processes include atactic

pgjypropyla@@mqﬂ§ ptactic pol ypropyl ene, syndiotactic
pol é‘fl)ropyl ene, and propyl ene random bl ock or i npact

lyrmer s. Anather Bl Afshaftingidawn| g 1oaGHPISYRERONEFNINg
%(ﬁﬁfe ll_l%\étr%%g‘% ﬁﬁ& o SIHJE t1b go ﬁg SREESH Qe cér;}%tevr\ﬁth

One exanp t|n down
cwaibanmlenglem dasuilzad 1ﬂ|aevc&dmatvathI® Eaﬂmﬂysta ﬂdwaﬁiaigsam

su bl e odeativati ue, to gonta t

B SRS Pt GE AR F f 1o dor Aeoebgs K1 2 the P lown
Wito&dtuke i@ e eWhdia8GhAMnOExAnf18aC t dx@BhtSHhat %fp 1nert dry gas is
containing a reactor 102 and ‘a regener at or The

f ¢ameprelisedy tram cinpEdsSr 228, deptad thiychdater 1230d amdssﬁmdo ttlee geactor
f t I f
0% S Rl R R R SRR oy S Cimiisp £l B oy

| aedE 206 2drRSsent ke akteerifor BUIENAT A HMT- aspEt bEHRGhLOdown
the enbodi ment shown in FIG 1, hydr ocarbon feed goi ng

mr%@%mr@mum@ KIG. gtabt}affhéaamgﬁsjms%gmh@bt ed steam

j ected bz%ﬂg%ﬂgé a conduit 106 at a tenperature of

0 . [019 e superheated steamis injected into
t@98jeact orAdfiRer eanglly sf shwting downad eehctiown rxys‘taaodontalmng
102, by way of cond 108 to. the regenerat
SR RYS HABST thak i sgeing, A5G e G fo $amact wit
THReSHBRENMRR L sSHIRATH SMERIMARE 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.



heat to the reactor 102 and keeps the circul ating
catalyst in a fluidized state. Catal yst is separated

w0 ec@sse3eam and ot her vapors by cycl one syst enPQI/BS$S2004/020771
with water and ot her vapors2exiting the reactor 102 by
way of conduit 114. [0195] Carbon material or coke is

burned fromthe catabégi [ r egener at or Q4,by sendi n

ailP 1Py ough 45 LoREr8 31 5, steany %%ﬂﬂﬁoﬁé @ igalso arranged so
CORR. b HeO) RO B6H fio BY¥netRYr 940 & indirectl
cg%uafﬁﬁ%g%%ﬁﬂgugggﬁﬁsﬁggggr %{221% S,j&% I ga%t at the e _y
bégatadirsigg steamlae adieatingdoediupr dbe g8 theh passentoghataacior 392 in

the catalyst is_sufficient i gh t hat coke on the
AT S Do s LU R ach A8 3G oF orS udiage’'SE the
Carabisdnh«df iR MTICUCE §5 gt tdrf Res oy dRetiRulitcd MrOMaN R reaction .
conduit 120.[0196] Catalyst circul ation between the

r ssgemr Witheuhhavipg deneseatib pdditianglsdrydpyfs heagerser g8 adgitional
i the | evel of the catalyst in regenerator 104.
Ag8§ﬁg%§39el of the catal yst increases above a

hyozo®g ar bon Havjrgaidvwofullyi describ2@ thisntreatici, gniilll iwaappreciated by
anmpunt  of carbon material has been conbusted fromthe
cakoseykilled in thert Baibe drveation s b,peEfREme MpEe Wide tapge of

it E‘)%raﬁ%@&@ Ri@bPhnHA8 cHRREEFESDut (}f@f)g.f‘t &Q@h@éﬂmﬂ ahd sco%e of

jected through the hydrocarbon’injection line 122 t
c ¢ing inmergionhe conbusti on process, thereby keeping the
tenperature at an appropriate level. Catalyst that has
been appropriately regenerated is renoved by way of a
conduit 124, and sent to storage. B Exanple 2 [0197]
Anot her exanpl e of shutting down up a reaction system
cont ai ni ng nol ecul ar sieve catalyst that is
susceptible to deactivation due to contact with water
nol ecul es is described in accordance wwth FIG 2,
which is a flow diagram of a reaction system as shown
in FIG . According to FIG 2, the shut down procedure
Is the sane as that in Exanple 1, except that an inert
dry gas is conpressed in a conpressor 228, heated by
heat er 230, and sent to the reactor 202, while air
from anot her source is sent to a separate conpressor
216, heated by heater 226, and sent to the regenerator
204. A other aspects of the shut down procedure
pertaining to FIG 2 are the sane as in Exanple
Exanpl e 3 [0198] Anot her exanple of shutting down a
reacti on system containing nol ecul ar sieve catal yst
that is susceptible to deactivation due to contact
with



wat er nol ecul es is described in accordance with FIG

3, which is a flow diagramof a reaction system as
webwan19389 FI G 1. According to FIG 3, the shurCTUs2004/020771

procedure is the sanme as thHét in Exanple 1, except

that an inert gas is injected into reactor 302, rather
th erheated steam The gas is sent to a product
re@%unit 338 of the reaction system heated and
sent to reactor 302. The product recovery system
i ncl udeg (5B&seof Bhuing adBveL Aeleadtn SARm Gavihecd k&ltodrand a
quench vessel 342, and conpressor 344. According to
FI G 3,regisrajers thepreasps caneprisiie thofigpeeSor 344, passed

340. [ o190) *Als, Hdoc@ht B0 e CARRhEERARE hflping

I s al so arr agested metaiatiluatinaphoiphdewholbhidargas e ha gl rogetor;
t hrough the steam generator 340 is indirectly heated
using sPeam iBiectng, st 'rﬂga%@rlha%s infpethgdsadiieht agseigegture of
to the reactQr39230RcS Wik o RRYESr 8fer! BBbpRBOMR HBw of
FIG 1 and FIG 2. An advanta of the arrangenent In
FIG 3 is tHhatdrataspogdseddathdueactpr; end at ed t hr ough t he
reacti or3 systeng. Wi t hout thavi n%to use ..an_additiopal bust
dry out®heat'8°“818 A HHUN T OkaTVE %é%%?e.gelteé%’bfo combus
Havi ng now fdakoy sesaal Sembnkily prdsomedt thercatdlyst Wilile BRcting
appreci ated by those skilled in the art that the

i nvention cdhe ked perlacsmeptizagiintiithe ®a¢ipte range of
paraneters within what is clainmed, w thout departing
fromthe spirit and scope of the invention. CLAINMS: 1.

A Jr oceA sprodess hofitshiittigg ddown a teectivhi oRtery dbeiny havéaowr and a
reactor and a rg’generator, t he grocess conprising the

steps OFETEIA: BRPIORGSHIRS IR SRR f r om cont act i ng
cat al ysfy COni&iifk RYdReiib¥alray @ahakiea): %ﬁoﬁﬁbﬂﬁgﬂgtcﬁtalyst

mol ecul ar sieve Tnthe reactor; b) injecting fee '
repl acenent ayagining oactiveted emetabipalamirpbespbeticatmalecubdr sieve

at |east 30 whi ] e st oppi or after stopping the

flow of hyarserBone raeeP B Bedierdit cor T and o)

i njectig)g a PaPpiroHidadoatbivn feed/BeRinkAd thelrbtdregener at or

to conmbust carbon material optionally present on the
catal ys? whiinisciing teed irepjaement s%_sdn_we%\p et agapeituse of
the reactor.,2.,f 365‘?9 %zlﬁ %ft%ﬁ;'i}k’g‘ bt Qﬁeld&%biﬁlg rtﬁéaﬁgr&rggarbon

system havi ng a r éactor
feed to the reactor; and

d) injecting a gas containing oxygen into the regenerator to combust
carbon material optionally present on the catalyst while circulating

the catalyst between the reactor and regenerator.

3. A process of shutting down a reaction system having a reactor and a
regenerator, and unloading catalyst from the reactor system, 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;



regenerator, the process conprising the steps of: a)
fl owi ng hydrocarbon feed to the reactor while

w@Ros0lssd ng catal yst containing activated PCT/US2004/020771
nmet al | oal um nophosphat e noldcul ar sieve between the
reactor and regenerator; b) stopping hydrocarbon feed

flowng to the reactor; .c) injecting feed repl acenent. .
gas | nB ¢ e PBHEL BHEErhah e S g e 15t eapiof BE0F Sagyeting
C while stoppl 0@ vefveh 1Rl LRGN drBgnBMerocar bon

feed to the reactor; and d) injecting a gas containing
oxygen ¢) nt o igjhetingefyed eapdacomentogas dntouibe resgtosah artemperp@re of

Che catal yst gevhaehl: W SRR 4 M JufbE e foogbon

process of ghddtbithgred@dn a reaction system having a
reactor and a regenerator, and unl oadi ngtwcat al yst from

the redltor majseEine the pHtaressiredmpdi BFtHEeR ndCsteper and
of: a) fl O\Mrc%tna %?‘PQE rit&r%%ftapleaﬁgw?%&’r whi | e

circul ating contai ning activate

nmet al | @l unmuntpiogplatd et folethe regenadaty at be¢nyseratutehef at least
reactor and r nerat or; b) stopping hydrocarbon feed
flowng to tﬁQ@%eact or while circulating the catal yst

bet ween the reactor and regenerator; c) injecting feed
replacenent gas into the reactor at a tenperature of

at4. | easthe300cess whiahe of ttappreneding clafmerwhkareippghegracges further
hydr ocarbon feed to.the reactor: i ntainin e .
cat ol y2pTBsct dredt eimats et Lo ) RsBhidahitopping

r egenerti Bydradaribor RRBPRY tht Waetopf at | east 300 C; and e)
unl oadi ng catal yst fromthe regenerator at a

tenperature of at least 300 C. 4. The process of any

ofs t he fl.ecedigr a‘lﬁﬁ{ Bk PN e &t{l % I %ﬁsﬁ%ﬁell{ﬁé ReEnerator

conprises “a step of renoving catalyst fromt
r egeneras amwatdrtcenteat afypit gepatehn éhanyid2Sowtvd preférelely of oot greater

reactor, 5. T rocess. of. claim4, whereip.th
Cat al y ey Lty ed RS ALY oo EetF! A8 8, oven more
cont entyr&traBRt 08MRatlREatdrN@En 1. 2519, GhsedloRf RAADWYigRf of the

not greater
catalyst removed.

6. The process of any of the preceding claims, wherein the process further
comprises a step of raising catalyst level in the regenerator after stopping

the hydrocarbon feed to the reactor.

7. The process of any of claim 5, wherein the process further comprises a
step of removing catalyst from the regenerator following the step of raising

the catalyst level in the regenerator.

8. The process of any of the preceding claims, wherein the process further
comprises a step of removing catalyst from the regenerator while injecting

the gas containing oxygen into the regenerator.



than 1 wt% nore preferably of not greater than 0.8

wt % even nore preferably of not greater than 0.5 wt %
whameni1oso t ot al wei ght of the catal yst renovedPCBUSZh£020771

process of any of the preceéding clains, wherein the

process further conprises a step of raising catalyst

l evel in the regenerator after stopping the

hydrocarbon feed to the reactor. 7. The process of any

op cl a‘Tl“H% groc\éﬁe&e& @ R8%aRS diMidsheheRAMHel 186es@ further

step of renoving catal yst fromthe regenerator

f ol | oweorgprises step of heatingi thg catalys aibathgstegprsyapr jwhen the

the regenerator. 8. The process. .qf o)

pr ecedgﬁayﬁtl cgpf@g}s %ﬁegr%gft% @ﬁ% A e‘%g%fn uI%? %@?1’ based on total
CONPr i §RFhfoBdaelyPin heFOhBEtgat al yst from the
regenerator while injecting the gas contai ning oxygen

into the regenerator.9. The process of any of the

Pygcedirig pl%lc@sltsgg’cloal¥m@r %Ereh{‘ﬁﬁ gﬁt‘g ; 531 tha'deBfdrator is heated by

conprisesta’s héating t alyst i'n the

I egeneiménihg bipérocirben oAb yistregortaioms not greater
than 2 wt % carbon naterial, based on total weight of
catalyst in the regenerator. 10. The process of claim

911 Whe gk BrdcbBg dtR1AhYS WhkRid e ch@BRNRIAE Agehdatdeatirdied by
by 1 njecting hydrocarbon oil into the regenerator.

The pr ogesingafheatedigas @fo thheegsheratoie catal yst in the
regenerator is heated by injecting a heated gas into
the regenerator. 12. The process of any of the

prieceding pedcaisa angloF1ted pretdifing elaiing; eybleseire thenfeedyseplacement
injected into the reactor is at a tenperaturge of at o

| east 2% imectpd anter A5 yeagtor aist alnpelempgraturgs ofyat |leask 325°C,
water grldl6al RS Al &2 RhieAeSApQhtuddly Of

t he prg’gégé{aﬁlga}:%gl , eosgf%%tﬁ%— eedl repl Izglcement gas
injected into the reactor is a non conbustible gas.

14, The_process of any. of th recedi ¢l ai

wtidr ei IEREDERERf TR dRe RiSRE BRIy SR i 52 frglacoment
react °f§aé ﬁxlj&te_qu{%t% theRlagG LB MondRfbEsis kad from the
group consisting of nitrogen, helium flue gas, CQ2,

steam and conbi nations thereof. 15. The process of

cl.gim wherein th e [ [ N

. y t

iRt e bRy B PRkl GRS et EF ffcomen
gas injected into the reactor is a feed replacement gas selected from the
group consisting of nitrogen, helium, flue gas, CO2, steam, and

combinations thereof.

15.  The process of claim 14, wherein the feed replacement gas injected into

the reactor is superheated steam.

16.  The process of any of claims 1 to 12, wherein the feed replacement gas
injected into the reactor is at a relative water partial pressure of not greater
than 0.1, preferably of not greater than 0.01, more preferably of not greater
than 0.001, even more preferably of not greater than 0.0001.



16. The process of any of clains 1 to 12, wherein the
feed replacenent gas injected into the reactor is at a
WO 2008019389 wat er partial pressure of not great ePCT/Hs2904/020771
0.1, preferably of not grea®er than 0.01, nore
preferably of not greater than O 001, even nore

preferably of no er th 001.17. .T pr
f17any%g‘ ?@S%Péé&ﬂ %h CP&f HP%u‘%PfFﬂEhCE%\@aS S6iaining
cont ai ekg%enqmg@ﬁgéclf@tto e ﬂe@darﬁ%?ét@ﬁsfaﬁ the regenerat or

Is air. The process of any of the preceding
cl ai ns, wherein gas contalnlng oxygen is injected into

tﬁg re ngérgig%ra %@h %nyr gé}h ep{nsglgfa{rﬁ_ﬁ e@fﬁ%rg%e & \éﬁlﬁgining

any Of ok PgenP i€ GRjeEted 1ﬁ{oaltlli@ regiefagirnwhile &Hj&iyﬂcm biatulating
feed is selected fromthe group consisting of

ker os ebeaveen Histrepeier andithaeenerftPyht gas oils, heavy

gas oils, vacuumdistillates, vacuumresidua, |ight
cycle oils, heavy cycl e oils, aromati cs and al cohol s.
2Q9. Th&hp IIMSSoﬁﬁnyanyh&)pretdmﬁnchlehm wigredh gierty/drocarbon feed

wherein the al | pal um nophasp e nol ecul ve. |

T et St foia (B B Copur i p ool inag  Besess, eht
SAPO- | lga5 SAEQichfy oabBE, 1\7acu1§ﬁP(@stllila$es SAHfn? PosidDAP lﬁlcycle
SAPO SE SAPO- 357 “SAPO-36, SAPO- 37, SAPO- 40, SAPO-

SAPO- 42ijls, 38R0y dytle SlP@RHcSARRISH0IAIPO- 5, Al PO I | |

A1PO 18, Al1PO-31, Al1PO 34, A1PO 36, A1PO 37, Al1PO 46,
nmet al cont ai ni ng nol ecul ar si eves thereof, and

Mgt ur et h]ﬁbe@fs ofl. anfheoPr dges preotdiagy (ﬂxflmtshewhereln the
precedin ai s, wherein the reaction system.s

sel ect dFliasfuREPhnsPRAR TBreTWar Si§VeFis caelesied ﬁem the group
Cf ack' | GndigHH AG! LOBAPYSE /ORI 8RB K| PLPON 6F 8ASD. PN SAPO-

| Softeri zati oh reaction systens, catalytic
de\/\/aX| rl@ SAR@20, SARQ3aL |S)%P@éépt8ﬁd?0§§st89¥ﬂ) -36, SAPO-37,

oar of 10 0 g0k SPPHL SAFAFSng i, STRe £ SR s A5

to aromgppesy, ANRI- @@BAIPU 3¢ ORYRNO1IIAN AN 1PDEfd, NSIF®37, AIPO-46,
gasollne systens or convertlng ofefins to

di sti | natel cogipstiegmmotesnlargipvasitherenf, endanixieres theragbes,
systens for converting al cohols to ol efins,
di sproportionation reaction systens, systens for

canyer IThagrédesdat argSoftie prictitig dbidmpivhesin thysbandn kgstem is
adsorbin aronatlcs systemns, for, converting oxygenates

to ol efselgsted igpg;@ gﬁasgrpgp consiiing of ﬁ@tab%,‘gfé%r&re@ ion systems,
ar omat LG5 o Sk G reh QonOdy) Qﬁﬂefsbﬂl' ggat%erfebdﬁm 9%€ms, catalytic

systens for converting unsat urate
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,



hydr ocarbons to al dehydes. 22. The process of any of

the preceding clains, wherein the reaction systemis a
waelenspoi143ed reacti on system fixed bed reacti onPGYES®NG/020771

fluidized bed reaction systé&m fast fluidized bed

reaction system circulating fluidized bed reaction

syste r rjser. react.or stem, 23. The process of

oy of i Sl R R RS g Gt e QBYPgaz agsarated

et al | galedrpaRe sRkRYRs DI ecul ar sieve contains Si

and Al at a Si/Al ratio of not greater than 0.5,

preferably of not greater than 0.3, nore preferably of

n gr Vi re.pref | yv. of not .

attat it fisseg 2t by S i RGP T3P pEleplion mgiem i

0. . 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.

23.  The process of any of the preceding claims, wherein the activated
metalloaluminophosphate molecular sieve contains Si and Al at a Si/Al
ratio of not greater than 0.5, preferably of not greater than 0.3, more
preferably of not greater than 0.2, even more preferably of not greater than

0.15, most preferably of not greater than 0.1.



