WD 2005/ 019388 PCT/ US2004/ 020770 METHOD OF STARTI NG UP A REACTI ON SYSTEM
FI ELD OF THE | NVENTI ON [ 00011 This invention relates to processes or nethods
‘of starting up reaction systens. In particular, this invention relates to
processesWOr20WEIAEEs of starting up reaction systens, WHTESHU R A ni ng or
protecting the catalytic activity of nolecular sieves that are susceptible
to loss of catalytic activity due to contact wth water nol ecul es.
BACKGROUND OF THE | NVENTI ON [ 0002] Mol ecul ar sieves are generally derived
fromalumna silicate materials and contain a pore system which is a
network of uniform pOEEHGIOF STRARTICAY UP £ REAOTION®YSFEANd cavities catch
nol ecul es that have a size equal to or Tess than the size of the pores and
cavities, and repel nolecules of a larger size. [00031 The pores and
cavities of ; "'@ﬁldfmr%' wl\ﬁm@)ﬁor med as a result of adding tenplate
material s duTTng TNhe ve manufacturing process. During the
formati on of {00A#] nol ecTihiaimnvenByeslditeopetocess ormetiptis ofstéryipe upheni cal
structure is fornmed fromthe .alunina, si Iicatle type materials Jhi lattice
E"Fé%(g 1S Qi t

type struct FREMOAYERTS AT DAiPUps T BYRRINHEISE A ProcessrR i PP h the
tenpl ate m&t%ihghe%icti&g sASers, WRAR S Ata B UrPHob O AR BarhXiblGlAG Wi thin
the nol ecul ar sieve. The Tesulting nol ecular 'si eve may be conbinéd with
ot her conponefimsicfwdar fievick éhab eressitbdeptibleda jass vf crgalytar aadiysty piue preednitass of t he
nol ecul ar si evg or to fc?:ﬁm | arger particles. [00041 To 'make the nol ecul ar

si eve suit ablEPFEETHICCHSSe (enpl ate nust be renoved so that the pores and

caviti es ar eg@QRYGRORDUF THEeNVeENTIRIN her for the purpose of adsorbing
the nol ecul es"TTomthe environnent or to react the nolecules to forma
desired prodlf$02] The riatwcilansigeesuars geneeailtdesivadfrenudleminacdimelei nt o cont act

With catalytic sites.located within the pore ste rticularly wthin
one. or - or & BRECHS ABOYABAATT SO A0S YAt PSR RPS A | 0005] The
tenplate is gapyRBLiteNahie hERURH AN LRE nTNLRLLL Bt 1BV EY Qize Bynaf @l Cining or
burning out the'tenplate. An elution process can also be used to renove the

tenpl at e, al tessgharctik sizaaf tlemporss audehetiesdnd GpebmpleulesnHh brger sige. renoved,

the mol ecul afOOﬁk]eve : STl(lzeof)losi‘If::gI aenr cqav}tpes %?m%féc{ﬂva? gig\gesoalz’re 0%%% ag g;esg %f The

adding template materials during the molecular sieve manufacturing process.
Puring the formation of the molecular sieves themselves, a lattice type chemical
structure is formed from the alumina silicate type materials. This lattice type
structure essentially wraps around the template material, with the template
material acting as a means of forming the pore structure within the molecular

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.

[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 enipty cavities or cages as sometimes called.

{0005] The template is conventionally removed from the molecular sicve
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



WD 2005/ 019388 PCT/ US2004/ 020770 activated nol ecul ar sieve has its pore
system including the enpty cavities or cages open to the i medi ate
environnment, and ready for use. [0006] Activated netall oal um nophosphate
mol ecul ar WPSYE01PHEt have catalytic sites within their AT BPOVBOTO
structure, e.g., silicoalum nophosphate 5 (SAPO) nol ecul ar sieves, have been
found to be sensitive to noisture. |In general, significant exposure of the
activated nol ecul ar sieves to noisture has been found to deactivate the
catalytic activity of the nolecular sieves. Unfortunately, nethods of

prot ecting aciiyvaledoliehal Led Mylﬁ%%?éé’%@iéﬁ%gbd;ﬁ&%ﬂ%%%f%‘ EuRRsagaI NSt the

harm‘ul effects nol sture are 683 Bl (Janssen et
.) di scl oseagas apeh hotheahnpdoteatvirogmentatrad sebdy faats.vity of a SAPO

rml ecul ar sieye by shie]dj n t he ernal. active sites . of the nolecular
sieve from cdfP0¥dt wit HeHyR lE‘PeéaﬁOPi’r@“P%?ﬁS’F@%aée P]PEEQ‘FIF*Y BgYEsdMAEVE as t he

Shi el d. 0" RaAdE 0 B akehi G836 AAt, SR Ao RsARkd vat ed oi eve

t hat does not desi ra to shi active sites,
because act i(SAP&Y noARDIarBieceey) have Isica\f@mduwn bk se:@hmtaltb noidtmss Imgemaaztlal yt | c

activity when. exposed to i sture. US 4, 764, 269 e
di scl oses a r%“h%‘lB?Xpﬁﬁ‘brFQ fl}en?ﬁt“’@ﬁ @0%?1‘]@593}’%‘9 TRRRS &gﬂqr‘\fgf‘? g as a
result of conp ge&cn%& J0kA scnv?{g%fpﬁ%&éa{ﬁ& saa:emﬂgoﬁluﬂaé @fbast or age

conditions such that the organic t conponent o ecul ar sieve
is retained iorﬁptdieatﬁgmﬁh@a'tedmbtaﬁuhlamnmphmhateumlectulzsruodv% agmnsathet he cat al yst

is placed into tLc cracki unit. When the catalyst is exposed to
t he FCC reacthiaﬁﬂﬁ’iﬁjﬁf tgP%‘ﬁgls%@ieg}qW e reactor is operated at 400 to 600C
and the [ e Of ODSF%%%%J BIQWLE0Q: L) cﬁ&%esa%ﬂw Qﬁgﬁﬁ&ecﬁr@m' ate is

rienoved from'the nol ecul ar si'eve pore structure, and yst becones
activat ed f orcatahgicacteky ofp SAPOydoleadaixays by/khmd]imlg the mtmrrtahacalvp sidesedur e,

therelsllttl if any contact with m)lsture 009 l‘i@%b al .
"| npr ovenent 05 e IARICRR AT BEVEFIRRICORPL Y I 1}1919186Ff=s 5 alt@ié%“ ey 1r nn.
2003, (1), 4%3%3h§é]&%aﬁ%§tﬁ@nﬁ%lﬁﬁxe@%ﬁ@m% Aldid Qr%n%‘twatté?ﬁsﬁ’%b Nov. 22,

2002, discloses a nethod of protecting SAPO 34 nol ecul ar sieve, based on a
reversi bl e r egdpesmafindiil: mnphtfaclitckchasnrdée tﬁsmaét}mzetme sﬂﬁa,ebecmhod

transforns a aﬁva%ﬂogf\ﬁé m tegulz?rnsnal\\lrlgé-lv-m h%f?a losrs] orfge\{t yac act1v1ty uyhe The

exposed to moisture.
[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 is retained in the SAPO-37 molecular sieve,

{ until such time as the catalyst 1s placed into a catalytic cracking unit. When the
catalyst is exposed to the FCC reaction conditions, wherein the reactor is operated
at 400° to 600°C and the regenerator operated at about 600° to 850°C, the organic
tenmiplate 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 NH; with acid sites of the sieve. The

method transforms a H'-SAPO-34 into an NH, -SAPO-34 in reversible way. The



WO 2005/ 019388 PCT/ US2004/ 020770 3 NH4+-SAPO-34 is said to be able to

W t hstand severe steam ng for an extended period of tine wthout |oss of
structural integrity and acidity. [0010] As new | arge scale, conmerci al
product i oan)a@Pir"i”tWés which use nolecular sieves in t hd@FrEROCH 12610
process, continue to be i npl enent ed, pr-pt ecting the activated nol ecul ar

si eves fromloss of catalytic activity as a result of contact with noisture
continues to beconme an even greater challenge. It is a particular challenge
in catalytic reaction systens where |arge scale operation will entail
contacting th@H?OEEAP’@tB@fq 604 &b 951e§i@ﬁﬁstae4dts€vée@§@§mﬁﬁ%fmaﬁéﬁdeaul arly at
times of unit start up r|ng such times, it may be necessary to use steam
to heat the peeadbfmmewﬂtoamosd-bﬂmmemralmungragtamﬂnﬁmdﬂhﬁ activated sieve with
wat er vapor c result, in s eve t hat has {ﬁ*ttle to 0 catal ytic activity,

whi ch means t[ﬁ%ﬂlt he sif&VEW {REIA GRENANBE° P@QE@H’E‘I 1Jifes, &t rcial
value. It is,,tiengfongs ﬂtﬁp‘ﬁﬁd%eﬁoﬁ %Eess BLARES o k ihRhidnd, Up reaction
systens that 1 ncorporate the use of 'ecul ar  sieves suscepfible to | oss of
cat al yti c actyirvtetiyngibie attoratdirhaletul s sndrvewﬁbmlosmjfe:aul)é@ achatysvateaged.
SUMVARY OF THE. | NVENTI ON L?tom %ﬂl n onﬁ3 ect this i nci\%gti on ﬁnr ovi des

met hods t hat SEPEFt Wik g t BrPes? %?8%%%?“? g R8t | oss of
catal yti c actjyidwaricRalfhdt i daliic Racti@AS B “ﬁﬁfetlﬁfﬂe sdA€SFerARiNds are
particularly ‘effective under certain conditions whére activated nol ecul ar
si eve i s conteattieaniuctihg ﬂataehvatabmplegulasﬁe\a?rwdlmma@Vapﬂeﬂwm@herbwm em start

up. [0012] In.one t of |nv ntion re |s rovi de ess of
starting up gnrl cbtaulngﬁ e[ﬁhm 15’(?@5‘511135 p?cse @aqsfﬁ%a%tgﬁlg st a
portion of  therdag@at é}@@nﬁyﬁéﬁéﬂer 'Q:fohﬁf:t dfike Mvh!c@'ale% wtiﬂﬂqvvaﬁé‘rsvlaﬁﬂ? da8 heated,
a catal yst conprising activated netal | oal um nophosphate nol ecul ar sieve is

| oaded into traslt m@wednapbashﬁn to mgatalcm@l@@w@tw\ahlylsmeass tharthheevheat ed, and
the further hea st cont act ed, wi.t h I one enbodi nent, the
reaction system tl&ﬂ“’& g%sembaég' OSORPTG AL VAlv tISF ﬁyédcorﬁe](?ll?oétgﬁftgﬁtn syst em
fluidized bec{nétﬁa@stdfmnmégs&ﬁsacﬁ@ﬁysteﬁﬂsmadhmqaob@aﬂre&@@bfﬁm&umern

circulating fluidized b reaction system or riser reactor stem
sieves susceptible to loss of catalytlc activity due to contact with water molecules

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 starting up 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 start up.
[0012] In one aspect of the invention, there is provided a process of
starting up a reaction system. The process comprises heating at least a portion of
the reaction system. After the portion of the system is heated, a catalyst
comprising activated metalloaluminophosphate molecular sieve is loaded into the
heated portion. The loaded catalyst is further heated, and the further heated
catalyst is contacted with feed. In one embodiment, 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.
[0013] In one embodiment the reaction system comprises a reactor and

regenerator. Preferably, the catalyst is loaded into the regenerator, further heated



[0013] In one enbodi nent the reaction system conprises a reactor and
regenerator. Preferably, the catalyst is |oaded into the regenerator,
further heated WO 2005/ 019388 PCT/ US2004/ 020770 4 in the regenerator, and
ci rcul at ed¥Pg” ?‘H’é *¥8actor prior to contacting with feed. PEHESHEAREP i s
suitably a hot wall or cold wall reactoyg. [00141 The invention further
provi des a process of starting up a reactor system having a reactor and
regenerator. The reactor and regenerator are heated, and catal yst
conprising activated netall oal um nophosphate nol ecul ar sieve is |oaded into
the heated r aait esgeasratcegadenatiated td e reatalpydt td catetingwith febe Tigact or  or
regenerator is further heated, and then contacted wth feed. 10015] Still
fur ther proﬁaﬁéﬁlwltﬂmﬁh@@é’ﬁlll%ﬁomyaé 158¢ess of starti ng up a fluidized

bed reactor RYILP™ Navirg 8oL RAFhShel BoSAPRGLEAN kA hegRDBEAT Of - The

reactor and erator are st conp rls I vat ed

met al | oal um pﬂm@ﬁ@hﬁg 8 rémte el sdgentrere Tis ﬂe@cad]eﬁldnﬁg@ehher zhehéaedi
regener at or. The cat al yst | oaded j nto_the regenerator is further heated.
Heat ed cat al ¥t catalysisapipriging @gi eatehimplaH o wRineRBOSPBYE ARGIEEUAH SIHYE 1Y eact or

W th the hea o%ﬁecf&hﬁh%%%at%& éa%ﬁa&' {l]eat 3 dfhpgrﬁlgsg?%a?gg F}Iﬁ@ﬁ{qua otgi0016] 1n

one enbodi nent e i nven ion, reaction system
into whi ch t bereaatdratai ﬁcfuﬂmrallehtea,l thmmnmphatvﬁthE@cul ar sieve is |oaded

is heated to _a tenperature of at |l east 150C prior to catalyst | oading.
Preferably, {#dSheat edSpBdtithss PWIM&DYHB%&VPW@;?étpé%%%s‘%n% KP fhe

acti vat ed Tenald ARkUTLOREROSRNA LS, ARlSEM dn ShaENGFulRAdER bR fieat od Lo a

tenperature 0 Ieas r|or o catal notre preferably at
| east 300C. Thbsdacior elﬁdafegbxhqratot hmelhetaﬁeﬂdmﬂt/st@:nnxphsmg@cnwed| on systeminto

ich the activyated, netall oal unj nophags ha e npl ecul ar sieve is |loaded is
heated to a mekdgaiErpgRiogh aéﬁmgiéa%lﬂr% edp Q?Fi?ci {RéQbeierise FERFE%r i or to

catal yst loagh@sata E/Q%Z%ghﬂto%ﬂ@féa@ﬁer%})g%%@fhe&tedtﬁ%a BYeH) LQ8 th hhe

catal yst | oaded reacti 6n systemis nmal ntal ne pre et erm ned
cat al yti c actiraulatyd beteezn thieirbgenetae andewtmwmmtheheaﬁedaatalyshccmya&tmgn
Desirably, the pr dtergin catalytlc activity index is at least 0.7,
preferably aeegg%&e%@a 'nore prefeably, at least 0.9. [0018] In yet

anot her embogjjoggpt . t hﬁ1 mﬁ$%1%£%ﬁ§%%hﬂlw heated portion of the
reaction system into which the activated metalloaluminophosphate molecular
sieve is loaded is heated to a temperature of at least 150°C prior to catalyst
loading. Preferably, the heated portion of the reaction system into which the
activated metalloaluminophosphate molecular sieve is loaded is heated to a
temperature of at least 200°C prior to catalyst loading, more preferably at least

{ 300°C. Most preferably, the heated portion of the reaction system into which the
activated metalloaluminophosphate molecular sieve is loaded is heated to a
temperature of at least water critical temperature prior to catalyst loading.
[0017] In another embodiment of the invention, the catalyst loaded into
the reaction system is maintained at a predetermined catalytic activity index while
the sieve is in the reaction system. Desirably, the predetermined catalytic activity
index is at least 0.7, preferably at least 0.8, and more prefeably, at least 0.9.
[0018] In yet another embodiment, 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,



nol ecul ar sieve is selected fromthe group consisting of SAPO 5, SAPG S,
SAPO- 11, SAPO 16, SAPO 17, SAPO 1S, SAPO 20, SAPO 31, SAPO 34, SAPO 35,

SAPO- 36, SAPD3T10:SAPO- 40, SAPO- 41, SAPO-42, SAPO- 44, 56,
AlPO-5  AIPO-11. APO 18, ALPO 31, Al PO 34, Al PO 36, msgg@f@{%ﬁ@ﬁ%

PCT/ US2004/ 020770 5 ALPO- 37, ALPO 46, fetal containing nol ecul ar sieves
thereof, and m xtures thereof [0019] According to the invention, the feed
to the systemis selected from the group consisting of kerosenes, naphthas,
di esels, light or heavy gas oils, vacuumdistillates or residua, |ight
cycle oils, AROW7cAPCR4qithetal dostrmangsiolecylaesigess thereblu embrxingepht hal enes,
and al cohol s %0?20] I n anot her enbodi ment, the catal yst | oaded into the
reaction sysihg lis heated to a tenperature that is at |east 100C hi gher

than when fi {0‘@)&9]‘ oadeda | @ing i e iRAGIbR S Yol &MheRy bR R Moted AGmCat al yst
| oaded into the reaction sys?em is heated to a tenperature of at | east

400C. | n onethagpegptcontibingaf larysshes, ngdétthsi diewsls, tigle ardaetyi gas oslyst em can be
heat ed by conbustipng. hydrocatrpon.qil i,n the reaction stem [0021] The
eactt on syt etERHEE b i din o oy ey hafir selirls. DYk, Y Efses of
processes. BExapbesapihdiSAs! ipnisteiens are selected fromthe group

consisting of catalytic cracking reaction systens, transalkylation reaction
systens, i s{@0] zat i oln anedet ewhodiyent the, cabdyshloaded inde thextargos gyteans,

Convert i ng pargrer s DGR By T SERENAL aRE ARl R o |
aromatics, Sy3tehof e}vst&ﬁ.nyfelrféﬂamg, th® bﬁ&iy&‘tsl]g%cirbdgﬁ%(lhé RBctictysSkRFis f or

converting olefins to distillate, systefs converting dlefins to |ubes,
systens for botedgptitagpehtwhol & Itast 4108€1 hsone atpeqls hp ortalystlatdedrintoeact i on

systens, systems f.or convertjn romatics Lo higher. ar. ics,,.systens for
adsor bi ng ar@ﬁé‘f’chgl} S B%t’? gﬁ%@%@ﬂ%ﬁ%‘%@%@%‘?‘B’s"lf‘g‘%%fﬁélﬁ‘i‘ , systens
for converti fgtpxygenates to aromatics, systens for oligonerizing olefins,

and systens flor converting unsaturated hydrocarbons to al dehydes. [0022] In
one enbodi nel02bf t he Thursactiarsysteheoldhe inyentig is widely applicable to many

types of processes. Examples of reaction systems are selected from the group
consisting of catalytic cracking reaction systems, transalkylation reaction systems,
-isomerization reaction systenis, catatytic 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 fo 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.
[0022] _ In one embodiment of the invention, the activated
metalloaluminophosphate molecular sieve is a silicoaluminophosphate having a
Si/Al ratio of not greater than 0.5. In a preferred embodiment, the activated
metalloaluminophosphate molecular sieve is a silicoaluminophosphate having a
Si/Alratio of not greater than 0.3, particularly not greater than 0.2, more
preferably not greater than 0.15, and most preferably not greater than 0.1.



met al | oal um nophosphate nol ecul ar sieve is a silicoal um nophosphate having a
Si/A. ratio of not greater than 0.5. In a preferred enbodi ment, the
activated netall oal um nophosphate nol ecul ar sieve is a

si|i coal ufYP8MR8sPk4t e having a Si/A ratio of not greaP&f/UsaeH/0g0739
particularly not greater than 0.2, noreg preferably not greater than 0. 15,
and nost preferably not greater than 0. 1. WO 2005/ 019388 PCT/ US2004/ 020770
6 Brief Description of the Drawi ngs [ 0023] Exanpl es of various enbodi nents
of this invention are shown in the attached Figures, wherein: [0024] FIG I
is flow di agpast 9éscApfisfet iheMre¥dlcem conprising a reactor unit and a
regenerator, the regenérator being heated by air, and the reactor being

heat ed by st B9ASur i ngEsamples apvarjops empodingnts af ghis inyentairegge alavat ita r eact i on
system conpri,sin actor . unit and a regenerator, the regenerator and
reactor bei ngi€ H‘Eg‘ih&ﬂ BEHIES YISFS N as rather than by steam [0026] FIG 3 is
flow di agramgghqp reackj@n 1§Yl§{v%g99rmf'a%a{&ﬁo§sﬁs@éﬁtc&h riéifk b r@Bbra
regenerator, the regenerator and reactor being heated y air or gas from
two differ enumtsm«.’ra:fegenaﬂmr [fe0@ZIneria Weinshdatahbidiiagndthegpacorbest® i on system

conpri sing r unit._and a regenerator, the regenerator being heated
by air, andalflff?g%r a%‘?a&‘? BBPHY HBated by a gas that is heated using

equi pent i nigaaseCOVer yiGegt ew d?igrﬁﬁl%farr%ﬁbh%te’iﬂ%éxﬁﬁh81ﬁ)EIPéaleE>P

DESCRI PTI ON E INVENTION |. Start Up Methods to Protect Agai nst Loss of
Cat al yti c Actiuyarnda re[gemezsi]orm@wrwﬁm rmdrreacgordlen@clmttdtw aweartpaslgatbdr st arting
up reaction th@ {n; that use catalysts that conprise nolecul ar sieves,
particul arly™® °fdal um nophosphat e ol ecul ar si eves, which are

susceptibl e ppp2bpss of FI@@t@IﬂW (ﬁa@%lo\flawac%ﬁ S‘}s@erﬁ@&hﬁﬁ&mg\’ai‘éﬁc%ﬁt er

Mol ecul es. Since many nmetalloal umi nophosphate Tol ecul ar sieves,

particul ar| yusi andca)mlg@mrni@phb@pgmeeatomdacant@nbemﬁm@d taraar weépm ble to

| oss of cat a{% (!11%& }Téwt n activation and contact with water
mol ecul es, 3¢ THE s e particularly inportant. If
[0027) FIG 4 is flow diagram of a reaction system comprising a reactor

unitand a regenerator, the regenerator being heated by air, and the reactor being
heated by a gas that is heated using equipment in a recovery section of the

reaction system.

DETAILED DESCRIPTION OF THE INVENTION

L Start Up Methods to Protect Against Loss of Catalvtic Activity
[0028] This invention is directed to methods of starting up reaction

{ systems that use catalysts that comprise molecular sieves, particularly
metalloaluminophosphate molecular sieves, which are susceptible to loss of
catalytic activity due to contact with water molecules. Since many
1petalloa1uminophosphate molecular sieves, particularly silicoaluminophosphate
molecular sieves, are susceptible to loss of catalytic activity upon activation and
contact with water molecules, start up methods are particularly important. If
activated catalyst is left exposed to water vapor for even short periods of time,
significant loss of catalytic activity can occur,

[0029] According to this invention, activated catalyst is loaded into a
reaction system and matntained at conditions so as to minimize or avoid loss of
catalytic activity, until feed is fully introduced into the reaction system. In one

embodiment, the reaction system is sufficiently heated prior to introduction of the



activated catalyst is |left exposed to water vapor for even short periods of
time, significant | oss of catalytic activity can occur. [0029] According to
this invention, activated catalyst is |oaded into a reaction system and

mai nt ai nedVA2YEEAYEE i ons so as to mininize or avoi d | ossPET/USEHHARETT C
activity, until feed is fully inF?oduceq into the reaction system In one
enbodi nent, the reaction systemis sufficiently heated prior to introduction
of the WD 2005/019388 PCT/ US2004/ 020770 7 activated catalyst into the
system Alternatively, conditions of tenperature of the catalyst, water

ol ccul b ar SRR alal By G s afey R 200, ey o o PR Agturtbl e " <!

si gni ficant. catdljeswaee paktihl |paSuR & thORkER HetesQ abd@ine biicoragdtimiat ed cat al yst
adsorbs little if any water. The greater the anount of water adsorbed, the

greater the Watesmlecataserd satiobad & thehlescelicalapsic aclivgbrotrigrfigantal yst has
oo, Foadd e 4oyt EP G0 S0, DO o S IRBEBLEER, o ot o

to start the P oduce react’l on system

and cont act egrawit Thd heaeaihdlayiiunt Enegted RordYS tiRMbiesteAthe r@aoti on  condi ti ons,
the tenperature will be sufficiently high so that deactivation by contact
with water notastivietes ofitht catdystbe probl ematic. [0031] Deactivation of the

ol ecul ar ST Sl 3, d°t B 05g Ll DS BRKATE SR 1 Jidh SEERIiRaREL T VLT

i ndex (CAl). CA sure of ‘cataly vation as a

result of catad ksipeXpeBRaieaiRRIALFRctideIratdsy dembis itrdduesbinicthe and wat er
contact time working in concert to deactivate the catalyst. Thus, for

exanpl e, al t FrReaigen systeonandetoataciad With tie cplebst UPrecegbnaystan i at gaasean | ess

it gt hecotd Bkt i Pt D e DA R AGS LIRS " crper ot ur o

The CAl for mebdaddfwitht Water mbleglles @il hotlUeypreldaasudes al | owabl e conbi nations of
tinme, tenperature and relative water pressure to limt catalyst
deacti vati onl@081kpeci f Dsectivatioes! thp opdeulargieve i detspminedde thiyivvontigndex  of

e et gD Rl AL L T Bl e
deact i vat i ond@@evition. aslaeduli & aRURE Bxpdsti® téiberiivaty, eelpyelvdt@iprassueonpl et el y
deactivated catalyst, and | for a catal yst having maxi mum catal ytic
and wafer contact time working in concert to deactivate the catalyst. Thus, for
example, although a low relative water pressure generally causes less catalyst
deactivation, higher relative water pressures may be mitigated by limiting the
contact time or controlling the catalyst exposure terﬁperature. The CAI formula of
this invention fully describes allowable combinations of time, temperature and
relative water pressure to limit catalyst deactivation to specified values.
{ [0032] 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 fora
completely deactivated catalyst, and 1 for a catalyst having maximum catalytic
activity.
[0033] The catalytic activity index (CAI) is calculated according to the
following equation.
CAIL = exp{fiT) * filPPyater)" * alpha * t)
wherein
t = time of contact of catalyst with water (hours)
T = temperature at contact (°C)

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



activity. [0033] The catalytic activity index (CAl) is cal culated accordi ng
to the follow ng equation. CAl = exp(f(T) * f(PPwater)" * alpha * t)
wherein t = tinme of contact of catalyst with water (hours) T = tenperature
at contactWP&)SPBMEer = Partial Pressure of water in coRCIAIS2YHL2(BEi a) WO
2005/ 019388 PCT/ US2004/ 020770 8 al phag= -0.071 n = 3.5 J(T) = exp(ea(1/(T
+ 273) - 1/ (T+ 273))) ea = -5500K T = gOOC | (PPwater) = (26.2 *
PPwat er/ Psat + 1.14) * 0.175, for T ? 180C (453K) f (PPwater) = ((26.2 +
0.272 * (180 - T)) * PPwater/Psat + 1.14) * 0.175, for 180C (453K) > T ?
150C (433K) Psat poatypati on pressure of water at T (psia). [0034] In one
enbodi nent of the anenti on, the reaction systemis started up by | oading
activated catal ysh=hfo the reaction systemso that the activated nvolecul ar

si eve portion of e cat al d not,.. co t or adsorb any significant
amount of water w&?)&fﬁ?‘% ?e&%eﬁlgﬁ?ﬁﬁe“%ﬁﬁ&%d catal yst is heated and feed
introduced into the_reagber system The activated catalyst is heated to a
tenperature effective to convert the feed to product upon contact of the
feed with the actTivape¥ catal yst. [0035] Preferably, the activated catal yst
is | oaded and maintained in the reaction system at gﬁyteml)er ature greater

than or equal to HABYer)cr0i2caiPwefipeidt e 0t e. | G 18RC @8t critical

tenperature and abgye, \W t i fied, , S er sorption wl|
be nininized. Th Eﬂwasﬂ)\r%/gﬁ%’\%%gr- O 1805 g ﬁ?@ﬁﬂ@?&f&‘ﬁ%ﬁ “ONeept to a
practical extent of unij; 1@@@@%@%’1‘@1’50@@3{@{&%08 practical tenperature

limt is generally one not greater than abo 0C, preferably not
P = Saturation pressure of water at T (psia).

! [0034] In one embodiment of the invention, the reaction system 1is started
up by loading activated catalyst into the reaction system so that the activated
molecular sieve portion of the catalyst does not contact or adsorb any significant
amount of water molecules. Then, the activated catalyst 1s heated and feed
introduced into the reactor system. The activated catalyst is heated to a
temperature effective to convert the feed to product upon contact of the feed with
the activated catalyst.

[0035] Preferably, the activated catalyst is loaded and maintained in the
reaction system at a temperature greater than or equal to water critical temperature
(i.e., 374°C). At water critical temperature and above, water cannot be liquefied,
so water adsorption will be minimized. There is no upper limit to the temperature,

f except to a practical extent of unit operations. For example, a practical

temperature limit is generally one not greater than about 1,000°C, preferably not

greater than about 900°C, more preferably not greater than about 800°C.

[06036] 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 activated catalyst is loaded and inaintained in the reaction system at

a temperature of at least 300°C. In another embodiment, the activated catalyst is

loaded and maintained in the reaction system at a temperature of at least 325°C,

{0037] The activated molecular sieve can be loaded into and maintained in

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



greater than about 900C, nore preferably not greater than about 800C. [0036]
At tenperatures below water critical tenperature, water adsorption can
occur. However, at tenperatures reasonably close to water critical

t enper at uM¥0 208 EB8%Bdsor ption is not significant. | n onePERbSAIOAEMT7Of t he
invention, the activated catalyst is | oaded and nmaintained in the reaction
systemat a tenperature of at |east 300C. In another enbodinent, the
activated catalyst is |oaded and naintained in the reaction systemat a
tenperature of at |east 325C. [0037] The activated nol ecul ar sieve can be

| oaded into gnd LAt ain in react.i,Qn,syst o~OMEr_ T enper at ur es.
For exanpl e %O%%% r%&‘&ﬁg%m?%e {)ﬂgomr@ﬁ'&eﬁgféyor%%ma oou{:' \%E’dvév 1g‘Bla‘:“‘bout 300C,
or in the rapgeael chtaR@ Bouded dDMal@iN¥a BARS/LATEE seRTioba2aR44A20770 9
about 280C, or in the range of from about 180C to about 260C. However, the

activat ed cawmleywater patiohpressusgnebngeions Hiahde npisigmbcandacierdivatpyie em for a
time, and under ter rtial .pressure. conditi.ons, that..do not significantly
deacti vate tTRAVSabipEbD Br aruPE o S0 R03 B et Baded Tt o
the reacti oNm&Y QM iaRkk reBBidAt FhtBRCht icBndifGhs SRBHVOD BMHlaBM Sdtalg@Ndi tions
effective to maintain a catalytic activity index (CAl) at a predeterm ned

| evel wher e adiwity andekyEAl) & agaedetgrmingsl lEyel wakfedbe patelystas cgabygieallyf eed to

desired end . Pref ly th tivat t t s | d.into th
ot fon oy REREYE D st HAth e R B B BB aet Pl o "
effective tojsNEBIdRH ith i LAkRL Y HEMAGH mAiktdinkd deke @dacBbn bR&S 0. 7. More

preferably, the activated nolecular sieve is |oaded into the reaction system
and mai nt ai sreditioms effectivede rapnais psktatytatactvitidindexo abatdédseef/i Woreo mai ntain a

catalytic actjvi i ndex of at |east 0.8 d t preferabl catal ytic
st vty i ek ehe feaepe altee i aisny i BRapPaRe R Ve BRFBY et  vat od
ol ecul ar si @yt QG eadtibn sFhibhiadt cOMAHYRRIR AL oGAdiAlalS] gdtﬁ?rﬁ@nt ained in
the reaction systemat a tenpefature |ower than water critical tenperature

and t he syst@tvgpmdak of ableast 84 endimesiggefierdbliea cantytinectvfityiadexrofat . e., a
condition in whi cgh the reaction systemis not considered conpletely dry.
The anount of®Mt%er in the gas can be effectively determned according to

the rel ativeppgager pr eﬁﬁé{{rﬁi&f oﬂvhﬁglg%ﬁacitiﬁaﬂe@ frolRaktsR0e sxsdRm inRel ati ve
water pressure (Pr) in thi's invention is defined as actual partial pressure
of the situations where the catalyst 1s contained in the reaction system at a temperature
lower than water critical temperature and the system contains at least a measurable
amount of water, i.e., a condition in which the reaction system is not considered
completely dry. The amount of water in the gas can be effectively determined
according to the relative water pressure of the gas in the reaction system. Relative
water pressure (P;) in this invention is defined as actual partial pressure of the
! water (PPyaer) divided by saturated water pressure (P} at a given temperature
below the critical temperature of water. The relative water pressure is a measure
of the wetness of the environment in which the activated molecular sieve is
contacted with the gas. For example, a P, = 1 means 100% water saturation, and a
P; = 0 means that the gas or environment 1s completely dry.
[0039] In this invention relative water pressure of the reaction system into
which the activated catalyst 1s loaded 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
hunudity), 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 (.29/250 = 0.00116,



wat er (PPwater) divided by saturated water pressure (Plat) at a given
tenperature below the critical tenperature of water. The relative water
pressure is a neasure of the wetness of the environnment in which the

acti vat ed WBI2AEP1%®¥8si eve is contacted with the gas. ForPC@XERPMHO20H0Pr = 1
nmeans 100% water saturation, and a Pr 7,0 nmeans that the gas or environnent
is conpletely dry. [0039] In this invention relative water pressure of the
reaction systeminto which the activated catalyst is | oaded can range from
very low, i.e., low humdity conditions, to a value of 1, saturated water

condi tions. ﬁ%‘ére%g%la:iﬁ Ctjl?e[ satf@bon Whter ?J&gsu?é:ﬁti%@‘?@ OTiAeflid e huh$aigdit act ed

wth roomair (at at 71%rel at humdity), this air contains

wat er at a paicdaalat pre€ss0©00I6 ©.120=[@5118%. 71Hid 8hniplOilkiktrates haPOpe asher e 0. 41
psia is the saturation water pressure at 23C). Wen this air is heated up
to 205C, t he ufehigh pyaidiatiepnpHeasiheatigssseLn of Soyatedgemperapua s, WO

2005/ 019388 PCT} 004/ 7 o : I.&.LS the saturation water
pressure at ?%é%s%heg“’%rgf“g‘tWg‘z’%‘mﬁl%%%@%%t%%é%éégmgt 205C is 0.00116 * 100

= 0.116% Thifgodekanpl e T bénesill @ @stichdle vane praRurelitie ghdapdt theihdidcy room air
as a heating nedium at elevated tenperature to provide an environnment

havi ng a | owof Bleggiivatedeatelystie adsayp avater.ovaucopptapicistal it eXpasareni gher t he
wat'er pressure, the great e e i st to
adsorb wat er ,temgﬁ% eg%]ﬁg{nzgn?itg“gtcgﬁ @g& q@%&%&?rgpe %@%é\rég%ﬁ?%%g%%&%ﬁ? me of gas

contact. The tgflaglieekhd Re GMHNst dbactighitdn, adsertheldss, bi ivrdak@her the rate of
catal yst deactivation. Nevertheless, by increasing tenperature or |owering

time of cont &Eperithierasdewerinkiiae ob Feyat BoEaRdpEivGressacaan be Tipratefls
particularly T%?sr}g]éér?i'cgfaﬂyt%'ﬁﬂ&%iilt siﬂ\é)e% Qfo b%i%{rglr%gfyy ' {ﬁ’gl{tltg Héa;t yhQ Start up a

r'eacti on system  Keeping e systemconplete , 1 none "enbodi nent

of the i nvemadcoon syshen,@agint die SyhesOmpléelyvy.cCThid)th aed dviaideédegiove is
| oaded (i.e., the gas environment of the sieve) has_a relative water
pressure of & ipepiongthgeerction syste értp athidnhe detiekad siqvigds laaded (i6nthey st em has

2 relative val el BORRRHY L 18tc) 1583k O0der BIARRHIR et B} VE WL er

pressure of eas anot her ative wa pressure of
at | east 0. 1an¢tB&4hibddimanotheeeactioh egkitdr® hbs Ofelithe wattgnédsor, oflahRasat er

parti al pressure of the reaction system Parti cularly the portion of the
reaction systOdili nagother @felative water pressure or at least 0.01, anid in yet another a
relative water pressure of at least 0.1.
[0041] In another embodiment of the invention, the water partial pressure
of the reaction system, particularly the portion of the reaction system into which
the activated catalyst is loaded, is controlled so that activated molecular sieve
adsorbs little to no water. Preferably, the water partial pressure of the reaction
f system, particularly the portion of the reaction system into which the activated
| catalyst is loaded, is controlled so that 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 wi %, still more preferably not greater than

about 0.8 wt %, and most preferably not greater than about 0.5 wt %, based on

total Wefght of the activated molecular sieve.

1L Type of Reaction Systems Encompassed by the Invention
(6042} The start up methods of this invention are useful in any reaction

system that involves the use of catalyst that comprises molecular sieve 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



the activated catalyst is |loaded, is controlled so that activated nol ecul ar
sieve adsorbs little to no water. Preferably, the water partial pressure of
the reaction system particularly the portion of the reaction systeminto
whi ch t heWAb200¥/B19%8% catal yst is |oaded, is controlled seCT/HatoHewiwat ed

nol ecul ar sieve has a water content of not greater than about 1.25 wt %
based on dry weight of the activated mdl ecul ar sieve. More preferably, the
activated nol ecul ar sieve has a water content of not greater than about 1.0
w % still nore preferably not greater than about 0.8 wt % and nost

preferably not greater tha out 0.5 wt .% based on .total wei.ght of the
et vat o’ noRBHAFIPIGHE R oa ise e HER FOTF Gy SPeib BB AEREeEd by « ne
Invention [QRARL kS eSkdloh rbRiBREAMSs, Qhtalylic Yl BYBB LI Mm@ hikylsighul in any
reaction systemthat involves the use of catalyst that compfises nolecul ar

si eve suscepteadion systemsdusirafrackatgiegetion systeing, systenpadortaongetingct with wat er
nol ecul es. Non-limtin ex | es of such reaction systens. include reaction
systens sel e?ﬁrgjgmﬁoo%eﬂ% SV%E%%%F@&% W@%&%}Oﬁﬁy%éﬁ’? ey Gr oup _
consi sting ofonGakiab ¥ldins &6 asdling sifant FRRofYalifdBlefihs ANARlII, 3tk reaction
systens, isonerizafion reaction systens, catalytic dewaxing Systens,

al kyl ati on foeaotvieomgsylsfisnts lutfey drysenadki sngverdiag blcohols ysolefras, systens for
converting araffi.ns to olefins, systenms f.or converting,paraffins to
aromat i cs, <3 SHARETIPRAOI BRI b U PRS FTG OB LR e METERL OMERe of
converting olghhiiss, batdhSfor hi@tBing SFAELIE, sybBhs ERMVET&tiRgoRRhiES tOo | ubes,
systens for converting alcohols t® ol efins;, disproportiondtion reaction
syst ens, systeaymidobplst tmelefitd, sgstemofrachreriing ¢nygheates @rgmidohels) tosyst ens f or
adsor bi ng aromat{'.cs, i stens..for conve%bi ng gx gena{es ‘fee. ., alcohols) to
ol efins, sysTEWE forYSLER/ Y Ol By eaieRiaf RS 2P .S%/f.e,m LSBT % 0 ar omat i cs,
systems for glshQeNR] hvirbhrodRitb BRich e, 8303t GFifcNIlyCaRURKihpEs | unsaturated
hydr ocarbons to al dehydes. Mre specificially, such exanples include:

[ 0043] A) Theclwdt:al ytic cracking of a naphtha feed to produce |ight

oL e Ty 2SR, CPAELESRe LDk uces Lo, SBot, S00C 1o, hout 7500,
olefins. Typical reaction conditions include from about 500°C to about 750°C,
pressures of subatmospheric or atmospheric, generally ranging up to about 10
atmospheres (gauge) and residence time (time of contact of feed and/or product
with catalyst) from about 10 milliseconds to about 10 seconds;
[0044] 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,

i 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'l;
[0045] 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;
[0046] 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



at nospheres (gauge) and residence tine (time of contact of feed and/or
product wth catalyst) fromabout 10 m|liseconds to about 10 seconds;
[0044] B) The catal ytic cracking of high nol ecular wei ght hydrocarbons to
| ower wei §HR 208581988%r bons. Typi cal reaction conditions f8E€T/USA0PETTE
cracking include tenperatures of from a]lg,_out 400C to about 700C, pressures
of from about 0.1 atnosphere (bar) to about 30 at nbspheres, and wei ght
hourly space velocities of fromabout 0.1 hr 1 to about 100 hr-1; [0045] C
The transal kyl ati on of aromati c hydrocarbons in the presence of

pol yal kyl ar oqat i dr i . i i £ H include a
Femper at ur e Spopsioish SRRy AL S bR AR b ool Vb out
at nospher.i ¢ 1@ laboaid 2RQiratdiMspbeatHn rolveitghéf fhanabout Hpaakowdbodi ty of from
about 1 hr' to about 100 hr-1, and_an aromatic hydrocarbon/ pol }/al kyl aromati c

hydrocar bon W88 rati obbf fFontaspie deayaxingodpsiioantsny by pdedorhn) The
| someri zat | of f({vgl (S rs(gl&%;ﬁpgrafq%y LI%Q‘F%acﬁ&?Qélﬁdgtg&glsgfeoﬁgﬁ]@éﬁggx 1a{§ép' cal

reaction condi I'nclude "a tenpera out®230C to

about 510C, gepufSeiiihe fedd xfsé@ﬁhcaﬁ{ﬁﬂith@dési@ﬂ@%ﬁpﬁﬁhﬁsfyﬁmaﬁﬁ@woﬁo WO
2005/ 019388 PCT/ US2004/ 020770 12 atnospheres, a i ght hourly space

wei
vel ocity of ¢adifioapanaludy atemperatirebeiysen alpoy 200°C @@&%§°¢}W@‘i§éﬁ/q{ydr ocar bon

nole ratio of fr bout .0 .about 100/ 1:. [ 0Q47 -The,Gatial yti c dewaxi ng
of hydrocar b%ﬁ‘rs0 %@6@%911%8?4)%§§1§2a?‘?§%\8}?338Vglto?léﬁrg‘ﬁf’l%ﬁé{ n&p‘gﬁgffi ns. The
reaction con[i)bnic;j]ons ar g) depeRdantialith bPdroRati TRAGUESLAR, & Bebherde iged and
upon the desired pour point. Typical reaction conditions include a

t enper at ur e Yeyenzsnan suthe povencnd wsiclatagseeristee olsfins,dprmalddydeo psig and
acliquid hour]_{\"gl h%ﬁagsean\éﬁglg bish ]inrn%ni] tg'a%ogtrilo cta(?boznoatcr)]rhs.' T)Lp%) f'?z][ Eétn The
i i C hy s, 6.9 A kyTs

al kyl ation o roma rocarbo ., benzene and enzenes, in

t he presencecqlitins dydedd feMPeRgLO b F8mGbouto] BPC G abduo50RCIepydeure al kyl
hal i des and al cohols having 1 to about 20 carbon atons. Typical reaction
condi ti ons i ¢ickeraebentiatmpwhane foeabent F¢barnapiheress ogeighbheilsbiarag0oC, a

preseur e S AEI AT ORIl R RS > 2O
hydr ocar bon/ gdsydaddringkAaen agmat Roleahii® oPfroil HEuEHOW atkul 20/9; about 20/ 1;
[0049} G) The alkylation of aromatic hydrocarbons, e.g., benzene,
with long chain olefins, e.g., Cy4 olefin. Typical reaction conditions include a
temperature of from about 50°C to about 200°C, a pressure of from about
atmospheric to about 200 atmospheres, a weight houﬂy space velocity of from
about 2 hr'! to about 2000 hr”, and an aromatic hydrocarbon/olefin mole ratio of
from about 1/1 to about 20/1. The resulting products from the reaction are long
g chain alkyl aromatics, which when subsequently sulfonated have pafticular
application as synthetic detergents;
[0050] 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';
[0051] I} 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;



[0049] G The al kyl ation of aromatic hydrocarbons, e.g., benzene, wth |Iong
chain olefins, e.g., C 4 olefm Typical reaction conditions include a
tenperature of from about 50C to about 200C, a pressure of from about

at nospher i W W0HP8B 200 at nospheres, a wei ght hourly spaea/usebeeityoof from
about 2 hr' to about 2000 hi', and an ajegmati ¢ hydrocarbon/olefin nole ratio
of fromabout 1/1 to about 20/ 1. The resulting products fromthe reaction
are long chain alkyl aromatics, which when subsequently sul fonated have
particular application as synthetic detergents; [0050] H) The al kyl ati on of

aromatic hydr bons with light ol.efi 0 _Qravide. s in alkyl
aromatic conﬂgﬁjis, e \35 , #@?ﬁﬁ‘@a}uﬁlngr#%gﬁﬁgﬁ%%nﬂgg h&%l(rf‘[{olgyl ene to
provi de cunen@antkilbeBénikeaatd oMehORdh FhaRSs EAGhibEIe sBort tigipele@hyr e of from
about 10C to about 200C, a pressure of fromabout 1 to about 30

at nospher es, (a8dctleas endpiopylydrte pendsenmaad ghird didkylaips.s Beedwstadel oci ty

(WHSV) of fraoml. hr' 1o aboyt.50 hr': [0051],1 rocyragki ng of heavy
petrol eum feéﬁ?scfl% ﬁ%n,dtlté‘g}}‘?ll’ll‘gtiudestf%lgf@@%nigb%taﬁg%t 1;59‘3; g%&%ﬁ“ﬁé’rage stocks.
The catal yst pabskhre 80 Rba] dboai] Bf fseclol bBut i, a0 HBV-diemstronN®otiy dr ogenat i on
conponent ; 2005/ 019388 PCT/ S2004/ 02077 13 [00521 J) The al kylation of

a reformate dohbmitniahontdubbt antViES V-reformate of onofbobehiérie ahadt Yol uene wi t h

f uel t ai,ni n. t chaij | ef i . 0. t.h d I t
pr aduce mono-etpaPPrpisat e pper Py S o 5 VeuRB ePOe e e
tenper at ures ghesyn aboutr)100GHE QI3RABH of 2Rmatid hyﬂfo@%%gﬁﬁ e@f, behameabout 100

psig to about 800 psig, ‘a WHSV-ol'efin from about . r-' to about 0.8
| hr', a WHSV-tplatusy; meleee, ehd haphthadnsuwith leng chao abious, ¢2..khe dlefiarid, optional |y,

,- le f bout. 1.5 to about 2. | .vol fuel feed; .[00531 K
ol kgt 1 bR domal BB aboks Broiemoifh o i Siuad U o,
and napht hal eggperiiutdd RN oA ROPCID bSO nd prosstredlfRint Mout 90 pRIEoduce

al kyl ated aromatic | ube base stocks. Typical reaction conditions I'nclude
t enper at ur es 6 AdPpsagout 100C to about 400C and pressures from about 50 psig

to 450 psig |hGdq4 L) rJhe A Gl AhbRSe Pheifh Sieffhd 8 Suflaidie O equival ent
alcohols to provide long chain alky! phenols. Typical reaction conditions include
temperatures from about 100°C to about 250°C, pressures from about 1 to 300 psig
and total WHSYV of from about 2 hr' to about 10 hr'’;
[0055] M)  The conversion of light paraffins to olefins and/or
aromatics, Typical reaction conditions include temperatures from about 425°C to
about 760°C and pressures from about 10 psig to about 2000 psig;
[0056] 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;
{00571 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';



al cohols to provide I ong chain al kyl phenols. Typical reaction conditions

i nclude tenperatures from about 100C to about 250C, pressures from about 1
to 300 psig and total WHSV of fromabout 2 hr" to about 10 In" ; (00551 M
The conve™s@ amWs61938% ght paraffins to ol efins and/ or aromaritusseo4ypgreal
reaction conditions include tenperatures, fromabout 425C to about 760C and
pressures from about 10 psig to about 2000 psig; [0056] N) The conversion of
light olefins to gasoline, distillate and |ube range hydrocarbons. Typical
reaction conditions include tenperatures of fron1about 175C to about 375C,

d f bout, 10 b ooo. ig; [0057] O
Two- ot hge. hyBRS) acki nb) f or ARG T ECRISHR SPREIE AR (nit al
boi I'i ng poi ngax%sé}fb‘é\b?a%gﬁgfst A0G ik Sn LS ELwE bR b lagx?sc@ﬁme @asg dme boiling

range products or as feed to further fuels or chem cals processing steps.
Ei t her st agecnrhlytihectﬁmchteageomy@tvath watar momcaieﬁ The edtalgst gendralih cont ai ns

nol ecul ar sieve that i.s s eptible to | oss cat i ctjvity due to
contact with EPTIRRTES @Y @gogewmn&&m%%t OE%JﬁVdi/l 1.U§?f@nt S PR

t enperat ures: r; out 400
t o about 250 pegll{g lga?%lgséer}% Jsgﬁ%: eg)t’ia %'cv)%et%%&rl%?n g‘%gﬂl‘ti 8%1()08% I%CH%{T%%F to

about 10, 000 t&aGetrinhics &indh abolut rH°A to Iabwtlél@()‘ﬂ)qn@smet fromtapo (i M8 )psipftof r om

bout 0.1 h 2005/ 01 8, USO402 14 [0058] P) A
202& natlonrﬂ?@%tgé%(gE%grbﬁﬁgﬁgﬁméoﬁng% ST A@%‘g"ﬁg 8$ena[cat a} ys%

t hat cont ai ng;.pRLESGHES aﬁbﬁ%Ob'@@deu%SéW?@Pf%bP' e to, loss of catalytic

activity due to contact wmth water nol ecu The cat al yst general |y
further conpf{0G59% a hyd])ogeﬂ“hbnrmtlmu)nf)ajcrﬂrrmﬂsw’ﬁ’bblaﬁmatd providemigdedl i n t he
catalyst is zeolite nolecular sieve i i i

s zeol te Beta. Typical] reaction
conditions if eﬁd%wﬁ@rﬁ?@?‘é’?tﬂf&elﬁ“@h’ﬁgﬁ u@%@@@%@%ﬁ?@“ﬁ@%& biﬂessur es

from about 1 i n Ut t o about
0.6 hf' and if%ﬁhyﬁ?é’% g’the??\g FEtg’ ?lg(go 15%%@%%8 to dbo 3?1 élooo SCF/ bbl :
[ 0059] Q Theoneaddn cnndaionahmdnktteltsmpemmral fedmnbomt@ONT cvatdat HIREJ et her s,
e.g., the reaction of nethanol _wth is buteneﬁan /or iso enten 0O provi de

met hyl - t - but PresSipREOMMIBEP U PO M WARY (gram Fllé?fﬁé\ow( Ameo pi cal

from about 0.1 hr™ to about 200 hr'' and an alcohol to olefin molar feed ratio from
about 0.1/1 to about 5/1;

[0060] R) The disproportionation of aromatics, e.g., the
disproportionation toluene to make benzene and paraxylene. Typical reaction
conditions include a temperature of from about 200°C to about 760°C, a pressure
of from about atmospheric to about 60 atmosphere (bar), and a WHSV of from
about 0.1 hr' to about 30 hr';

{ [0061] S) The conversion of naphtha (e.g., C¢-Ci¢) and similar
mixtures to highly aromatic mixtures. Thus, normal and slightly branched chained
hydrocarbons, preferably having a boiling range above about 40°C, and less than
about 200°C, can be converted to products having a substantially higher octane
aromatics content by contacting the hydrocarbon feed with a molecular sieve
catalyst at a temperature of from about 400°C to 600°C, preferably from about
480°C to about 550°C, at pressures of from atmospheric to 40 bar, and liquid
hourly space velocities (LHSV) of from 0.1 hr! to 15 hr'’;

[0062] T) The adsorption of alkyl aromatic compounds for the
purpose of separating various isomers of the compounds;
[0063] U)  The conversion of oxygenates, .g., alcohols, such as

methanol, or ethers, such as dimethylether, or mixtures thereof to hydrocarbons



conversion conditions include tenperatures from about 20C to about 200C,
pressures from2 to about 200 atm WHSV (gramol efin per hour gramzeolite)
fromabout 0.1 hf' to about 200 hf' and an al cohol to olefin nolar feed
ratio frowoabeutosgk 1/1 to about 5/1; [0060] R) The di spropekidi@patton of
aromatics, e.g., the disproportionation toluene to nmake benzene and

paraxyl ene. Typical reaction conditio i nclude a tenperature of from about
200C to about 760C, a pressure of from about atnospheric to about 60

at mosphere (bar), and a WHSV of from about 0.1 hr-1 to about 30 hf'; [0061]
S) The convers xtures t.o highly

aromatic mi x%“ﬁi“ggl OJH‘F?}a gh(‘ﬁ‘??&ﬁwg%thsrﬁ‘c WPIC)‘?“@E%FCIHQB&E%?IH% FUFF$ ocar bons,

pref erably hayingog 28k¢ kd8hdufBIPCRRRYGr@R I Yont Mout BBGuhEShetd@n  about
200C, can be converted to products having a substantially hi gher oct ane

aromatics coaitcemﬁo biynaspintres; tivh g litthie Hopdy spaebelvcite efifrointaboat fbhectol ar si eve
. catal yst at g@e aiture of from about 400C to 600C, preferably from about
480C to abou at pressures of from at m)spherl c to 40 bar, and liquid

hourly spacepmglﬂom ti eg) (LHEY o19fonhdrBHidh df Maight bl HrandHed chalhg@ﬁgﬂs T) The

adsorption of alkyl aromatl c conpounds for the pur pose of separating
various i sonhmsng)fromhboutcﬁmmnuhsi ce[rBﬁlﬁa])mlsl) Tﬁhehmemuﬂlmr@fheoxygenat es,
e.g., alcohols, suc

met hanol et her as di t her ,
o o Rnct S e RS arsEsn Bo AL S0 b 95 L i B S
i ncluding ol ﬁfelsnﬁe oBhOSRL &4 %7&1& tslendlﬁggtba:mn&emmw@nm ncl udi ng

t enper at ures’ of m about 5C to about 600C, pressures of from about 0.5
at nosphere tohginmnizaﬁﬁlmmsm@memllyatamﬂ duth}acmiltt[rbmglﬂw dpﬁn&wﬂbml ty of

f yom about 01 1 hr- | t abguti 100 EC-' ; 1%\; %hﬂvé The ol i 0 i zation of
S v & ght. andiTE BN EHelRe SHBr RRICCHATir PO Abareh§edhda: 5 car bon
Lo i, CRbREOELSUMLE 1] L UL B of SOOI U L
bl endi ng st ofkhr 'amt &hedrbcaben paFtiel preﬂsu@mﬁfrqnzahuwﬂ 1|’11mab@st§0| s generally
carried out bt*}/noslg)hetlﬂéasc LIlem%e}artllfreso I)\var;\bg&e?%ﬁgé) may be used to oligomerize the

feedstock when the feedstock is in the liquid phase when contacting the coated

zeolite catalyst. Thus, when the olefin feedstock contacis the catalyst in the liquid

phase, temperatures of from about 10°C to about 250°C may be used;

[0065] W)  The conversion of C; unsaturated hydrocarbons (ethylene

and/or acetylene) to aliphatic Cq.12 aldehydes and converting said aldehydes to the

corresponding Cs.12 alcohols, acids, or esters.

[0066] 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”! 1o about 2,000 hrl.

[0067] The start up methods of this invention are particularly suited to

large, commercial scale reaction systems. For example, the start up 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 total amount of catalyst

located thronghout the reaction system. In particular, the start up 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



in a gaseous state phase with a nol ecul ar sieve catalyst at a tenperature in
the range of from about 250C to about 800C, a LHSV of from about 0.2 hr-1
to about 50 hfl, and a hydrocarbon partial pressure of fromabout 0.1 to
about 50 WAt #BYPHWE¥es. Tenperatures bel ow about 250C mayPGBHUSHEH020G70

ol igonerize the feedstock when the feeﬂ§tock is in the liquid phase when
contacting the coated zeolite catalyst. Thus, when the olefin feedstock
contacts the catalyst in the liquid phase, tenperatures of from about 10C
to about 250C may be used; [0065] W The conversion of C2 unsaturated

hydr ocar bonsieﬁﬁtaggxgt?@é)ggrk g?{cg%ﬁ%ﬂ%h@éaﬁl tBtgl th&ﬂﬁ%%&taﬁgtoﬁgat@d dehydes and

converting sal corresponding C6.12 a ol's, acids, or
esters. [ O006firodghogethetredction fy@tencat al yti c conversi on conditions over the
nol ecul ar si eve cat al i nclude a tegg‘gr ature of from abou%ulllooc t o about

760C, a pretl@k of f %ﬁ%ﬁﬁ%ﬁftw%ﬁeﬂ inforfpg AEHE SyBisR)naed nghbgtullyoo
t h i - i .08 hr-1
fo about | 5. ofrimsed df p i dRNG il BPACEABIAENISK oo AP RARRMI G T8 T

particul arl ytsdsntatwith wdtamgsecutamheciaalyss taddeohactnlgan aysueis. For
exanple, the start up nethods of  this_invention are particularly suited to

reaction sysbwhdnelpatansaqygithal materalky ajfets theodegiradproduglisiateakeT about 1, 000 kg
of catalyst, : : ut the
reaction sys?@ﬁﬁ%ﬁﬂ EE% 18 %lgﬁ?lg{rggeﬁee&féatlgﬁg&%&#& E%&gétg& (%Oﬁ‘l[pgﬁgglkﬁventi on are
particul arl yleastiabed 1t ot Vesi moRcslystievsthitiatuscenibile ® lascaltcataygic | oadi ng  of
at | east about 10,000 kg of catalyst, nore particularly a catalyst |oading

of at | east aﬁw@uﬁui@m‘%ﬁ@"«t Rathoyateimalegwles. based argetal parahf efgailyst a cat al yst
| padi f - 8 %ﬁgg? L0207 - 000 kg of
Qg? a: ggt? bg}sogégao%Q(?g{egszaglﬁnbggg % ca 0254“%‘?’ ‘?‘gé’%t% @54 B?%%do]ﬁgﬁg% 3%? e reactg [ gn

system [ 0068jmpies ableadt ybbutlSoaidE@dbfianhoetlla sieadhitansisygitbie toded ofiot be

fully conprised . of a . noJecular sieve that js susceptible to, | oss of
catal ytic actHuytiyagiyaly dus teepntad with Wienmelerulpp based eastotal Weighhoh) yst need

contai - onl ¥ et AT i thSYE B Shbh A enloRSerk HRallabSH el T ect's the

desired product- sl ate. anple, in one e e catal yst | oaded
into the sysbaml onngniseightadf catabastoadédiito thewyst&d. of a nol ecul ar si eve t hat
's suscept| b|[0606t9]O | osshlog‘engg (t)ta Ileggl itoc‘che systein, the start up methods of this
invention are particularly suited to reaction systems that are rated at a total hiquid
throughput of at least about 500 barrels per day. More particularly, the start up
methods of this 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.
[0070] The liquid feed that is to the reaction system to start up the system
is any conventional hydrocarbon feed that is appropriate to the unit being started
up. Non-limiting examples of such feed includes hydrocarbon oils such as
kerosenes, naphthas, diesels, light or heavy gas oils, vacuum distillates or residua,
light cycle oils, heavy cycle oils; aromatics such as benzenes, xylenes, toluenes,
naphthalenes; and alcohols, including monoalcohols or polyols, particularly C;-
C)0 monoalcohols {especially methanol, ethanol and propanol) and Cs-C;g polyols.
[0071} The catalyst loaded into 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



activity due to contact with water nol ecul es, based on total weight of
catalyst |oaded into the system In anther enbodi nent, the catal yst |oaded
into the system conprises at |east about 5 wt % of a nol ecul ar sieve that
i s susceptWORenswee3BdHss of catalytic activity due to coneactuseadih2ovas er

nol ecul es, based on total weight of ca1t7al yst loaded into the system in
anot her enbodi nent at | east about 10 w"'% based on total weight of

catal yst | oaded into the system [0069] In terns of feed to the system the
start up methods of this invention are particularly suited to reaction

Rt L b O G A L N e
are suited tgifiRadivitdisy ShaREt jhaélcamet dAi@Gotbinanbdlebidhr sidvequi d t hr oughput
of at |east about 1,000 barréls per day, still nore particularly at | east

about 5,000 WWftkl s pefhamysticaraystepstinparitiicibegetalystis ldadad oot 10, 000
barrels per day. [007Q]..The ljquid.feed that |s to the reaction.systemto
Start up i nelBygt Bt DRHe BRI TRy P U B B G I RIS
appropriate fge th&otiMils RA8IHBIN Sdrak e Paralld: N¥YUhitFlek ApeXarRh&fnof such
feed i ncludes hydrocarbon oils such as kerosenes, naph?has, di esels, Iight

or heavy gassytdrs wiiglc cambaitantdd dpaaceerdorg todhis dupention inghide dyesededi | s, heavy
cycle oils; aromatics such as benzenes, xylenes,..taluenes, naphthal enes;
and al cohol sTCAHEY YEERG, THDRIIEHGPE SErepbiaTged trd vaear SrPefast & o

monoal cohol sa(RsRESEaldakidfElRRAR! cir®lAARG IR RN kya8ds GReC10 pol yol s,

[0071] The catal yst |oaded i'nto the system can be of any conventional shape
or size, i nctraacdiongystems ambthellikni Sedatioconventsenat ealionstysteypasd ned®rby spr ay

dryi ng, Il etizing, t Lon, d f [ '
s’\:)KIeP g- rrgEi ng’pgftz!@gﬂﬁ?‘:e g ?“sé?ﬁgxﬁqééﬁgy ra??ﬂt :ah@ga’t—"g?%gnﬁ %’?g‘iqﬁ\io'cat al yst can
be incor por agegy ki {Hu‘i@i&?}?Qﬁ@ﬁﬁz?&agar%%ié%%%%é,@%&ﬁi a0 888 Bngad1al yst

a
particle or catalyst particles containing the nol ecul ar sieve can be

adm xed wi t hRobdreE. Kaegelr Peblighang Companyt Naw dok,noew Yorkt 177, whickewd @l si eve.
00721 The 1 R2GL) Y STRe R G Ae SR ameseRlpt ol n 2,
3] g e BERE oA A LD btk b 1L 0
i nvention i nEhudismribewsd Higid-Particle Systems, pages 48 to 59, F.A. Zenz 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 references are all

herein fully incorporated by reference.

[0073] In a preferred embodiment, a fluidized bed process or fast fluidized
{ bed process includes a reactor system, a regeneration system and a recovery

system. The reactor system preferably is a fluid bed reactor system having a first

reaction zone within one or more riser reactor(s) and a second reaction zZone

within at least one disengaging vessel, preferably comprising one or more

cyclones. In one embodiment, the one or more riser reactor(s) and disengaging

vessel is contained within a single reactor vessel. Fresh feedstock is fed to the one

or more riser reactor(s) in which an activated molecular sieve catalyst composition

15 introduced.

[0074] In another embodiment, the reaction systems, which are started up

according to this invention, further include a regenerator unit. Optionally, the

reaction systems include two or more regenerator units, The regenerator units are



reaction systens, fixed bed reaction systens, fluidized bed reaction
systens, fast fluidized bed reaction systens, circulating fluidized bed
reaction systenms, riser reactor systens, and the like. Suitable

convent i or¥dD 2084¢138®Nn systens and reactor types are deserThedoisnHon
exanple U S. Patent No. 4,076, 796, 'U.S1 Patent No. 6,287,522 (dual riser),
and Fl ui di zation Engineering, D. Kunii &nd O Levenspiel, Robert E. Krieger
Publ i shi ng Conpany, New York, New York 1977, which are all herein fully
incorporated by reference. Qther exanples of reaction systens include riser
reactors, such as %.hose er al | yfg? cribed. a%i%React or FI ui di zation
and Fl ui - PARCPRIIS) SEBHL Cagapad toi5 Sile RS CRATST % Ot hiro

Rei nhol d_Publij ka1l @lchAfhd d}‘%w\éﬁrb'étweje%ﬁ)e reBA6r AhdSeadiRtAGL No.

6, 166, 282 (fast-flurdi zed bed react or), and U S. atent Appl 1 cation Seri al
No. 09/564,1603 fil ed M= pIth whi ch references

are all her fuIIy ncor ted b reference 0073 In referred
ermbodi nent, @h?ﬁ Jui di z UBEGP P@E@é‘g %trheflﬁ’é"fl “?lh?ﬂi’# %W%chess i ncl udes

a reactor syleac%h s?stérﬁ%ﬂ&ft&f;&rﬁﬂt@l/o%ﬁ RIN AR Gurdi AISSOPS Yartieytt oM The reactor
system preferably Ts a fluid bed reactor systenihaving a first reaction

zone Wit hi n amedonentpatdeast fhemortmamfcbhe(R)ictmnckyatesﬂhamsjhd:?é@i:pmamozone within
at | east one dise i ng, vessel, prefera risi nor e

cycl ones. | rf3est Q’%g%’c& g@?ﬁt ‘Pr?él%ﬁteabBPt ﬁg&y‘é PFiP @rcaFaig%FC@ﬁ’(“s) Bing

di sengagi n I esh

P dstgogk ?San}ég?i@ﬂgbét) m%ﬁf”a?ﬂe@s‘?% A drBbdlo B8 FOBLiGn £y??e)?ﬁ ﬂf%t fé‘%:%gtﬁh ribf

e one or re riser reactor acti vat ed
nmol ecul ar site\cetal}at lokyint isclmmmdstbht least absuti200¥O paced cafaDOTbhdihp. anot her

embodi nent , actjon systens, which are started up ,according to this
invent i on, erFi%rﬁif ’ .ahk?r%}a]ée %Prrle@e%@raraarl%wsreméefrSdr?atrcrlyﬂor tpecatalsdict i on

syst ems inC'lHQd%n%@ 8200 z{zsgg%h%l @db@i%éferﬁ?to@&ﬁ@%fﬂr@ at 14Qit s are VO

2 00510 1 93 88 I'n connectiron wt | east one of the
react or uni tthat qgivefercailicyl temparatwes) peior folratalysalldading. cat al yst to be circul at ed
or flowed bet wr_?en t he reactor t?tg@re ener at or

) d t al yst d
Heating Up tIR&7®eact i oleqpsiheliop esstion sysisan @%ﬁ@?ﬁ%‘%tsa@:ﬁggﬂgh%@gatr gﬂ at
| east a por tdt%erﬁéeirﬁtlﬂ?ﬁ effe%ﬁ% {oML 2B YRGB, SRS haliriaPlnat R pr&Rfli 9 of ¢ he

catalyst. In
the reaction system For example, the reaction system can are typically held at a

temperature of from about 200°C to about 450°C, but preferably without catalyst
present when the holding teraperature is below water critical temperature (374°C).
Such refractory material can be any conventional material used in reaction
systems. Preferably, the refractory materials are sufficiently dried prior to
introduction of catalyst, since water molecules will tend to be released from the

refractory material during the drying process. In one embodiment, at least a

e

portion of the reaction system 1s heated for about 2 hours to about 48 hours prior
to catalyst loading. Preferably, at least a portion of the reaction system is heated
for about 4 hours to about 24 hours, more preferably from about 6 hours to about
12 hours prior to catalyst loading.

[0077] The reaction system can be a hot wall or cold wall reactor system.
In one embodiment, the reaction system is a hot wall reactor system. Hot wall
systems use refractory materials that are thinner than that of cold wall systems,
and, therefore, would release less water during dry out. In another embodiment,
the reaciion system is a cold wall reaction system. The cold wall reaction systems

use thicker refractory materials, but the thicker refractory allows the reactor itself



enbodi nent, at |east the portion of the reaction systemthat is heated prior
to catalyst loading is heated to at | east about 150C prior to catal yst

| oadi ng. In another enbodinment, at |east the portion of the reaction system
that is h¥® YYSPYB to catal yst loading is heated to aeCTausmbiemout 200C
prior to catalyst |oading. Preferably,,at |least the portion of the reaction
systemthat is heated prior to catalyst” loading is heated to at | east about
300C, nost preferably to a tenperature at |least that of water critical
tenperature, prior to catalyst |oading. 100761 The portion of the reaction
systemthat | d.ls i I ¢ tive to heat
and/ or dry rtjg r g@ﬁlt(l)e‘r%y&ﬁn%ttg%yg?Q@glar%;at?lgélgfalégéh eég%ﬁgg#ég%fé%ﬁl%syst em For
exanpl e, themfiegetdtion. systemcan are typically held at a tenperature of
from about NOT to about 450C, but preferably w thout catalyst present when
t he hol di ng 08Wfer at urlheicotabst it isdeaded drtp thermpeticarpysieritinfeby 374C) . Such
refractory material, can . be an onvent i Qnal .mat.eri used 4 n,reaction
systens. Pr e 69,80?%3 ap%%}s%gf i y%?‘cglrvf |Lssn06{r5}églliij'ma.p€8{eg%r@?ly dried prior
to i ntroduciihiigehtafat jRby®la préddi&tinet @R Ketemdek! In &@nd to be rel eased
fromthe refractory material during the drying process. In one enbodi ment,
at |east a guabadioentghe citalypidastaimamsy st hardastipresystah dorcagdplic 2 hours to

b 48 h ' I | i ng. f I I i f
he.r eacti Ryt et of RIERLRTh 7 ARGy Ll 008 ol s hours: more.

preferably frofapputicRt Mk 5.9t 0 about 12 hours prior to catalyst |oading.
[00771 The reaction systemcan be a hot wall or cold wall reactor system

I n one enbodifféHt, t hdnrguridubm espodiomnitdhacdidystualoadedeata e repgtirem  Hot
wal | systens_.use, refractor rials that are thinner.than that .of cold
Wl | syet et e SeiERe e QA o Ree M B b R ot - 1

anot her enbogigBegeneratdtamiteasd theBam st €Mddsd tut§ Hele¥@etatdradel i On system The
cold wall reaction systens use thicker refractory naterials, but the

t hi cker refri888@ry al IBwsactiaied eatelysiris laaded fta/iDe 26:38)r @1 63BBerator unit
PCT/ US2004/ 020770 19.to.be thinner, since the col . material can handle
- greater. hadan SHTEBIPTRGETT £ obRAPIF dhe A 0sTe omiel Gy gub har i o
| oaded into fh@or @364dnBATSHRROLSh bferss oiBhO @t desRlst lRbn@ny | 0ss of
catalytic activity is not significant, preferably

embodiment, the catalyst is loaded into the reactor or regenerator through an

upper portion of the vessels. In another embodiment, the catalyst is loaded into

the reactor or regenerator through a bottom portion of the units or vessels.

Loading can be accomplished with the aid of hoppers and conduits positioned to

feed the catalyst into the particular unit.

[0081] In an alternative embodiment of the invention, the catalyst loaded

into the reaction system is further heated, preferably after a predetermined leve] of

e

catalyst has been added. The additional heating provides further protection
against deactivation of the activated molecular sieve that is susceptible to
deactivation due to contact with water molecules. Preferably, the loaded catalyst
is heated to a temperature that is at least about 100°C higher than when first
loaded into the reaction system, more preferably at least about 150°C, and most
preferably at least about 200°C.

[0082] In another embodiment, the catalyst loaded into the reaction system
is further heated to a temperature of at least about 300°C. Preferably, the catalyst
loaded into the reaction system is further heated to a temperature of at least about
400°C, more preferably a temperature of at least about 450°C, and most preferably
to a temperature of at least about 500°C.



limting catalyst loss to a predeterm ned catalytic activity index. In one
enbodi nent, the catalyst is naintained in the reaction systemat a catalytic
activity index of at |east about 0.7, preferably at |east about 0.8, and
nore prefWOAMSNPIAB8| east about 0.9. [0079] In a particulmrr/estoedizoent, the
catalyst is loaded into the reactor - unjit of the reaction system

Optionally, the reaction systenlcontain%oa reactor unit and a regenerator
unit, and the catalyst is |oaded into the regenerator unit. 10080] The
activated catalyst is loaded into the reactor or regenerator unit in any

conventi onal nner. For exanple, th atal yst .is | oad di.rectly into the
reactor or r@zigﬁ ratorﬂhgﬁqemthrﬁiéei}@tlﬁveibgjﬁ‘fﬁﬁée rte%éhfij‘f‘ﬁ%ﬁ?td?t ssel's. In one
enbodi nent, ! I Stid:P LRI Bt SRGERT (RherBQenR aaRlict hr ough
an upper po%{ta?%%ﬁ% n%%ﬁéeré\?g%éseﬁg%g?n tgn(;{%ep{en%%i rrenetn, the cat gjl:n)(/:st is

| oaded i nt o adthvityrod diot aoleoular Sgenanyberonters guffdendyhebdtomtedoMdsiveblaf t he

units or vessels. Loading can be accopplished with the aid of hoppers and
condui t's posﬁ&tpwﬁ@ratw‘%,sn@éé%rﬂ@n@}@at Ci e nericulapt it gregferdvn . 100811

In an al ternatdy %a&g@ﬂqhgﬁaﬁ%&au&d&%ba@/a% Eﬁqgainiatﬁ?edcﬁtﬂ?é ¥alidnaaged 1 nto the

reaction systemis turt ated, after a predete ned | evel of
cat al yst hasfdredimatdeasintaiintheadaitticanalithedet agrabove theslefinad lbesd. fir ot ecti on
agai nst deactivation of the activated nolecul ar_ sieve that i s susceptible to

deact i vat i on8#FERl e EHALACIONHIRIRS Rl VAT SIRCHY SisvetePaBianediné)d oaded
catalyst 1is é&@@iﬂa stefh @&, & SARSLREYE Gnit BAfecbifordbr ﬁxﬁg%‘& @Jﬂquﬁ 4Qfesi gher than
when first [oaded té ref 9at

nto the reaction systém nore era east about
150C, and nofir nopgehter dlahybaiti J06dsursalfoeferaBBOGe da@DB? borltmnanahder
enbodi ment, the catalyst |gaded into the reaction system is further heated

to a tenper aftih@ledmMmaelEcl@itvedhaninianeiat sprbERPSRANYSS HBc UMY st | oaded
| Do the ¢ Sagidd ritRl Bftulc? ll'bORr 2 DIRURLIIOR, Gt IO RS! dERObaRl | Cast
ra east

about 400C, nore pre y a tenperaturé o t about C, and nost
preferably tiou 10@hpes aluotkendmiaddiments) thaboalysta@aEiniOH200EH 240388

PCT/ US2004/ 020770, 20 [0083] | n general, at relatively | ow tenperatures, the
catal yst is HSlasBlar BgyhisAnHB@meA 1 He 1raiopisyTicrg s st BHPSIgHISS O ni t ed

time. Qher Wiﬂ?‘cﬁl’t O.tdi%oﬁf‘{oaz{%m 50 hours, or from about 0.1 hour to about 50 hours, and

more preferably not greater than about 24 hours or about 12 hours or about
6 hours. As the system is heated to higher temperatures, the catalyst can be
maintained in the system indefinitely without significant reduction in catalytic‘
activity as a result of contact with water molecules.
[0084] The reaction system can be heated using any conventional gas as a
heating medium. Non-limiting examples of such gas include air, nitrogen, helium,
{ flue gas, CO., fuel gas, and any combination thereof. Air is most preferred, as air
is generally used in various unit start up operations.
[0085] The gas that 1s used as the heating medium is preferably dry.
However, the gas does not have to be completely dry as such a condition is not
generally practical at commercial scale. In one embodiment of the invention, the
gas contacting the sieve (i.c., the gas environment of the sieve) has a relative
water pressure of at least 0.0001. In another embodiment, the gas containing
water has a relative water pressure of at least 0.001; in another, a relative water
pressure of at Jeast 0.01, and in vet another a relative water pressure of at least 0.1.
[0086] In certain embodiments, air containing water (i.e., steam) can be
used at either saturated conditions or at superheated steam conditions. For

example, air containing a higher proportion of water can be used to initially heat



activity of the nol ecul ar sieve may beconme significantly deactivated.
Desirably, at tenperatures not greater than about 300C, nore particularly
not great gg bddapgs@Ppout water critical tenperature, the F@f/%gé’tﬁ/oio%m

mai ntained in the reaction system for a tinme to maintain the cataly
activity index at or above the desired 2level. In general, the cat aI yst
containing the activated nolecular sieve is maintained in the reaction
system (e.g., the reaction unit or regenerator unit) at such tenperatures
for not greater than about 500 hours. Preferably, the catal yst containing
the acti vat edembh gonloarofshergection sysiemt piiordd legdinsgibh ctlelyperfchres in the

reaction syste ar no ter t han about 25 r ef rably not

greater than'™ téag%‘ﬁ?tmﬁﬁlth?g) IODIWS%’%@PUE:WB%} gr@’ﬁ? &Fﬁgq?:‘ﬁt “i%tg cont ai ni ng
the activat eqzateﬁﬁéseac%&leafer%ﬁmolnﬁnmméa@maﬁ%ﬂd}o&maaﬁactI on system at such
tenperatures from a . hour to about 50 hourS, or from about 0.1 hour

to about 50 HW8FE, andToﬁmlmrbc:éﬁm@dwystnoteagh@m}etem heombistion o024 hours or
about 12 hou S, or

b st t
t enper at ur es, Tﬂ%‘“@%{f e%/% g&?g‘i} %‘iﬁ%ﬁ%gﬂ h‘“‘“’g Fpgl%gﬁgﬁ éa‘? EH%E?‘F% tely
wi thout si gnbeid M&leﬁﬁgﬁﬁtcﬁr@ﬂmbtﬁn&%t@eﬁ o&% (e @CLIVikiIrYo @S hé!nfrfr‘ Stletoa@f contact

with water nol ecules. [0084] The reaction syStem can”bé heat’ed u5| ng any
conventi onal Cgasfuabﬂw altdeeanylmglbnmﬂonmerwheﬂ gammqlurgngwattph/qmr(ﬁ]fe such gas
include air, nityr gel [ ug] g gg @Il and any conbi nati on
thereof . A r SE&0 ipient heagt “P%%&ﬁ @Ff%ﬁqﬁ%%tqﬁ}? Fdus uni t

start up opepgti anéffeomg%h hafEngasaklaluchity e bl rdbBubiaabiong. med! um i

preferably dry. However, does not have to be conpletely dry as such
a; condi tion resctmot sys@ﬁn(andttheyfeqa} antactathe atateboateystitabege dicercadtionone

gnbodi rent of the invention, the gas contacting the sieve (i.e., the gas
envi ronnent 8f°%¥e sieve) has a relative water pressure of at |east 0.0001.
In another erjpggj ment, Iﬁnga@@aﬁaﬂﬁ@dlﬁemahy%egtrb&@éﬂasum@fowﬁlﬂiﬁeer
pressure of at least 0.00 in another, a relative water pressure of at

| east 0.01, &erdsdnn, yephthanbgliteycla orlelightivimginvditst, twchs»slumeth@hkatm heedst 0. 1.

[0086] In certa'n enpodi nt air con ainin st ea can be
used at eit hésra %@%1@‘?9?%@ € %ﬁg@vﬁ%‘éﬁw lgkeétgljnﬂHB\“ng% ti ons. For
exanpl e, air Sﬁ'igs%t'a' adkdte@Rekat ny@tpd?lﬁtc'o%u?cfed V‘Plte%ralﬂ?rihpﬁyﬁ@ﬂbcgno
initially heat WO 2005 019388 PCT/ US2004/ 020770 21

oil 1s injected into the reaction system after the reaction system has been mitially

heated to a temperature that is at least as high as the auto-ignition temperature of
the hydrocarbon oil to further increase the temperature of the reaction system,
preferably to at least operating temperature of the particular reaction system. In
one embodiment, the hydrocarbon oil is injected into the system after the system

has reached a temperature of at least about 350°C, preferably at least about 375°C,

and more preferably at least about 400°C. Upon combustion of the hydrocarbon
oil, the temperature of the reaction system is further increased, preferably to at
least the operating temperature of the reaction process.

[0089] In one embodiment, the reaction system includes at least two
reaction units or one or more reaction units and one or more regenerator units, and
the heated catalyst is circulated between units to aid in heating the reaction
system. Preferably, the reaction system contains a reactor unit and a regenerator
unit, and the heated catalyst is circulated between the units to further heat the
system. In one embodiment, the heated catalyst is circulated to the regenerator
unit using a lift gas such as air, nitrogen, helium, flue gas, CO,, fuel gas, and any

combination thereof. In another embodiment, the heated catalyst is circulated at a



at least a portion of the reaction system prior to |oading the catalyst.
Such an initial heating of the reaction systemcan nore quickly heat the
system since the water has a greater ability to transfer heat than air or
ot her gas.WPQO&AM19B8 further heat the catal yst or reacti GISySbema; o
conbustion or hydrocarbon fuel can be used. The conbustion of a fuel to
provi de additional heat can be benefi cd%al in circunstances where gas (e.g.,
air, nitrogen, helium flue gas, @02, fuel gas, and any conbi nation
thereof) or gas including water vapor (i.e., stean) does not have
sufficient heat to bring the catalyst to start up tenperatures. Once an

ef fective stEﬂtpetﬁﬁmteéh%é?ﬁtlﬁﬁsbaﬁ@g%éﬁ?@\};@ﬂlg teraperafuse-i Wangthsted into the

reaction sys%ﬁg}é %ﬁbé%% I)fgag 11?0?19&1 Kwﬁa e& Qg%ct}?%éﬁ%g tgftgﬁlt%aé ctfh tbegl n the

reaction a par nmen carbon oil,
such as for ﬁmrmbﬂy1ﬂ<aeee@nﬂunna@ﬂtdmr¢dagjmcﬁMghxgemd mtctthght virgin
di esel, torch oil or the like, is used as a fuel to further heat the

| oaded cat al ;ﬁgpnerstqenmf tmﬁlgh@ratwab@emﬁiab@b adule gireulghng, gd doscased shayea | oaded
bed of catal

into the rea @esfy%ct%%s%ﬁttt &P %Ef'tn g%ﬁglehtgf ?%dc{ﬁ gr%elgﬁ |O|n: t: ZI : 31 coted

heated to a te@fméearrateUfe@d tmtrodtﬁ;eatntb ‘ﬂ%&%a@@r il Bn e rbR tidhl pock@ik t i on
tenperature of * the hydrocarbon oil to further increase the tenperature of

the reactionsteiigd.em preferably to at |east operating tenperature of the

particul ar ﬁctl on system L e dRE nt%odi ment, the hydrocarbon oil is

i njected i nto—the systiﬁ?—éM—%ﬁ%‘f—ém has reached a tenperature of at
| east about F@O6) pref ehabitrlyatthiteasiedah eima¥6ds of tRIAEnVERLiGN PERAIQE abl y at

| gast about 400C. Upon conbustion of the hydrocarbon oil, the tenperature

af the react mofecylps signe mgterial thais sisseptibls deagieftion e Jo eantagt Witheast t he
operatlngte rat r e, of

Toacti on systa Firieglids it TehGER sRReHAGE h O e shBREorR e

reaction uni hﬁxtﬁfb@ aRNSeRalPhR IS HARRERhSp R thSleciBiiGiedeb et aadead cat al yst
is circulated between units to aid in heating the reaction system

Pref erably, tméecnblaﬁtamwow‘élta@mladﬁ{fam@ apd Bgafb]ttefrrah@draﬂ units] sechrasgener at or
unit, and the at ed. cat st i d, bet we n the upits to further
heat the sygtegﬁt F’imB’rgea‘é‘ﬁH‘BBil?FBﬁ?t H@b et F LML TE circulated to
t he regener ahRfallobRilindtHofthat hblbuldAietd hak [AlD4], @P@n nsidgl i um flue

gas, CO2, fuel gas, and an conbi nati on thereof I N anot’her enbodi nent, the
heat ed cat al $f$11.ah¢tka]cumfﬁmua agisilicoatnminophosphates (SAPQO).

[0091] Various silicon, alumminum, 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 1s Mg, Mn, Zn, or Co), U.S. Patent No. 4,440,871 (SAPO), European
Patent Application EP-A-0 159 624 (ELAPSO where El is As, Be, B, Cr, Co, Ga,
Ge, Fe, Li, Mg, Mn, Ti or Zn), U.S. Patent No. 4,554,143 (FeAPQ), U.S. Patents
No. 4,822,478, 4,683,217, 4,744,885 (FeAPSQ), EP-A-0 158 975 and U.S. Patent
No. 4,935,216 (ZnAPSO, EP-A-0 161 489 (CoAPSO), EP-A-0 158 976 (ELAPO,
where EL is Co, Fe, Mg, Mn, Ti or Zn), U.S. Patent No. 4,310,440 (AIPO4), EP-
A-0 158 350 (SENAPSO), U.S. Patent No. 4,973,460 (LiAPSO), U.S. Patent No.
4,789,535 (LiAPO), U.S. Patent No. 4,992,250 (GeAPSQ), U.S. Patent No.
4,888,167 (GeAPO), U.S. Patent No. 5,057,295 (BAPSO), U.S. Patent No.
4,738,837 (CrAPSO), U.S. Patents Nos. 4,759,919, and 4,851,106 (CrAPO), U.S.
Patents Nos. 4,758,419, 4,882,038, 5,434,326 and 5,478,787 (MgAPSO), U.S.
Patent No. 4,554,143 {(FeAPO), U.S. Patent No. 4,894,213 (AsAPSO), U.S. Patent
No. 4,913,888 (AsAPO), U.S. Patents Nos. 4,686,092, 4,846,956 and 4,793,833

e —



WO 2005/ 019388 PCT/ US2004/ 020770 22 tenperature that is at |east as high as
operating tenperature. In another enbodinent, a gas or gas including water
vapor is used to heat the catalyst, particularly in the reactor unit, and a
hydr ocar bo®O@PI5/01%388 nj ected into the regenerator unit taCThbtep2Higat t he
catal yst, while circulating, as describ above. Once the reaction system
or catalyst is sufficiently heated to operating tenperature, feed is
introduced into the reactor unit, and the reaction process is started. |V
Types of Mol ecul ar Sieves [0090] The catalyst that is used in the nethods of

this inventi C i | ecul a i i I t|bIe to
deacti vati on?wggﬂcﬁ?ﬁ grr% S‘Y% gwﬁ% grleﬁ’cglméeﬁ{ﬁ &%@ g?i si eves that
are incl uded N athe BatBLYBLOPIU.S At Mo. 494500 E%e A @), R1.S kR Mos.

met al | oal umi nophosphat € nol ecul ar si eves that have a nol ecul ar franmework

that incl ude 430c4P, 4a84,p POaid 4,880, Be(diAPSQRILS, PasendhNas 4,3061640, cont ai ni ng

ol ecul or s desdatrenidss AR A AERORS Batrisaio s Toat et "ot ter ouch
as silicoal Ur@bﬂ@@bﬁ’w@aﬁﬁ&tﬁ\%ﬁ%s sb@@@myeyEM@@BI%@@QA@BW num and

phosphor us based ecul ar sieves and netal-containing derivatives thereof
have been des’dtelrebéds framelerbmki dxideruninid b rs welillsitE &t Faverds Nog 14671039 or

05" pat eni - Mortoqhab 8w dabapiiet i,  BEuEn Pl R aodtaste. a0 1b

624 (ELAPSO vwheyee dl 4 b56 065, 4883 785 $541 @'—3 5@@3 0668nd 5%75 '95@ amf M, Ti or
Zn), U.S. Patént No. 4,554 143 {FeAPO), Patents . | 478,

4,683,217, 4viddy 88&'16(eﬁeﬂlﬂ$®)coqﬁi?atéé By 15&6&765 @uhdnuo@culmmarm mdhaﬂe 4,935, 216
nAPSO, BP- A- 61 48 PS EP- A-0 976 ((ELAP ere EL is Co,

fqﬁ, My, M, Ho% e%sljveg t;ﬂ(lgoﬁ@a%&#m}qaoowiﬁﬂgle&w %s&i‘%%ﬁlw@h W8 0 158 350

(SENAPSO) Ui oy Dy, 3046000 ELARSO ol PRI @Rlorbl y 4,759, 535

(Li APO), U.S. Patent No. 4, 250" ( GEAPSO ent No. 4 888, 167
(GeAPO), U. Srefemment No. 5,057,295 (BAPSO) U S Patent No. 4, 738 837

f\&,.APEO)?SSUél QOJDT ggtzsér%%l%e 33 919 a @,f SAGWBEI %0 APOaI E}eges Pat ent s
and metal-substituted SAPO molecular sieves, Suitable metal substituents are
alkali metals of Group TA of the Periodic Table of Elements, an alkaline earth
metals of Group IIA 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 hitetium; and scandium or yttrium of the Periodic
Table of Elements, transition metals of Groups IVB, VB, VIB, VIIB, VIIIB, and

{ IB of the Periodic Table of Elements and mixtures of any of these metal species.
In one embodiment, the metal is selected from the group consisting of Co, Cr, Cu,
Fe, Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and mixtures thereof. The metal
atoms may be inserted into the framework of a molecular sieve through a
tetrahedral unit, such as [MeO2], and carry a net charge depending on the valence
state of the metal substituent. For example, in one embodiment, when the metal
substituent has a valence state of +2, +3, +4, +5, or +6, the net charge of the
tetrahedral unit is between -2 and +2.

[0093] In one embodiment, the metalloaluminophosphate molecular sieve
is represented, on an anhydrous basis, by the formula:
mR:(M;ALP,)O,



Pat ent No. 4,554,143 (FeAPO), U S. Patent No. 4,894,213 (AsAPSO, U.S.
Patent No. 4,913,888 (AsAPO, U S. Patents Nos. 4,686,092, 4,846,956 and
4,793, 833 WD 2005/ 019388 PCT/ US2004/ 020770 23 (M1APSQO), U.S. Patents Nos.
5, 345, 011lwanmoSords& 931 (MhAPO), U.S. Patent No. 4,737, B6ButBesrsDo, U.S.
Pat ent No. 4,940,570 (BeAPO, U.S. Patents Nos. 4,801, 309, 4,684,617 and
4,880,520 (Ti APSO), U.S. Patents Nos. 44%00,651, 4,551,236 and 4, 605, 492
(TiAPO), U.S. Patents No. 4,824,554, 4,744,970 (CoAPSO, U.S. Patent No.
4,735,806 (GAAPSO EP-A-0 293 937 (QAPSO, where Qis framework oxide unit
[Q2]), as well as U. S. Patents Nos. 4,567,029, 4,686,093, 4,781, 814,
4,793,984, 4WBereindreprasepist legst ong immlaigypagent prafergbly an organg 164,

956165, 4TS 5 AL RS 403 NIRRT BV 5r Q900 R0, B i ch are

herein ful |y I RCOF poFa reference. es I ncl ude

those descri hgdh xi'dmdﬁoﬁmatlaisyefdﬂamgI@Q@I@.Sqfanwbioetquhiafabﬁj RS0 toM@Es MNost r and
Rei nhol d, New York, New York (1992), which is herein fully incorporated by

ref erence. [BOOAE rapresenmb e melefiaptiaioinvyl Bend M asicushasiraleidsapiheieMecul ar

Si eves, and. net al - subst.i t ut ed SAPO | ecul i es. i | |
SUbettt uent ST AL RHBRG (hoih Bt PRI IRICBSE L PG B B AR S R

El ements, anyakallBNeIERahN Lafbidliss of thePeudditiRalle of AR, qHtfrabaibl e of
El enents, a rare earth netals of Goup II1B, includi ng_ t he Lant hani des:
e

| ant hanum cbtiswie opnwsewdip selected dewal thei el emsshnLed SieGeob! 6 Fgadol i ni um
terbium dysprosi ol i wm ~—. erhi hul | yiterbiumand |utetium and
scandi um or @Fté?’%’o tﬁ}é e,[r]i,g iagg%fa%\ i %?ubn(gné%%h?lsl,s gferageﬁgl?api%n net al s of
G oups | VB, ¥ihal M ®2, Md:By aiti klafd gréfer thhBoPEqiah® (Fer.1 Pdinethkabl e of El enents

and m xtures of any of these netal species. In one enbodiment, the netal is
sel ected fropmbérmgnioupisepeatirddnyl &f aloyf L.or 1s ameater U O @agbogk)-2Mgy sV, Ni |

Sn, Ti, Z d.Z ' her eof.. ., Th be i d
“nio the i ripeBPt 2O ST ar G200 koGl From BPTRAGy Mo £ Such as

[Me02], and gRfdrbIfnBifERangeo dependiros wom fohe2 Mak &peeo 435 atseagf z ishe net al
substituent. For ekxanple, in one enbodi nent, when the netal substituent has

a val ence st &om B3 tod5. +3, +4, +5, or +6, the net charge of the tetrahedral

unit is bet V\ﬁﬁ@fn]_ 2 andIn+021ie embodiment of the invention, the metalloaluminophosphate

molecular sieves are silicoaluminophosphate molecular sieves, containing 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 are silicoaluminophosphate melecular sieves that 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 (.2, still more preferably not
greater than about 0.15, and most preferably not greater than about 0.1. In another
embodument, the Si/Al ratio is sufficiently high to allow for increased catalytic
activity of the molecular sieve. Preferably, the metalloaluminophosphate
molecular sieves are silicoaluminophosphate molecular sieves that contain Si and
Al at a ratio of at least about 0.005, more preferably at least about 0.01, and most
preferably at least about 0.02.
[0095] Non-limiting examples of SAPO and AIPO molecular sieves useful
herein include one or a combination of SAPO-5, SAPO-8, SAPO-11, SAPO-16,
SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPQ-34, SAPO-35, SAPO-36,
SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPQ-44, SAPO-47, SAPQ-56,



[ 0093] In one enbodi nent, the metall oal um nophosphate nol ecul ar sieve is
represented, on an anhydrous basis, by the formula: nR (MA}, P2)32 WO

2005/ 019388 PCT/ US2004/ 020770 24 wherein R represents at |east one

tenpl ati nd AYE 1Bt ef erably an organic tenplating agentSTURZPEOIRY nunber
of moles of R per nole of (MXAlyPz)2 apd m has a value fromO to 1,
preferably 0 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 oxides, where M
is a metal selected fromthe group consisting of Goup IA IIA 1B, 111B,
VB, VB, VI Bip/s| Bipc/H | Bpengh Lambhaniey seokirichss Pabbogt auBebiee of

El enents. Preferably I's one or nore netals selected fromthe group

consi sti ng oindShetaContdtning @unledatayr sieGes thGepf. MOf thiée, phiticulddy useful Zn and Zr. In
an enbodiment, mis greater than or K equal to 0. 2, and._x, nd z are

gr eat er thannlék‘?\é]&h%}rqud’f‘b?@lqral‘ﬁ’“’é’h‘%ﬁ“ﬁéP@%’&bimg‘éﬂi EXBSE%% er than 0.1
to about 1, (j LA ’ 1 [ Sinid . : fromO.4
to 0.5, and SAQUETTOHEAE0-A0 MY Dyttt obanhPaliBal ARER, TPC
from 0. 15 t osuBh és oné 6r 4 cambifatihh dfGAPR18ySABOfMoAID 441 AIFD-58, aadd z is from
0.3 to 0.5. [0094] I.n one enbodi nent of the invention, the

met al | oal uni BegheY¥EIg deRmtaes hereod; aadesresiadly GnEoE 8 SPTRINREPRBE phat e

ol ecular ol EXES. L AMALR! At AL COflinR dodldfibMiekn general . Louer SI/A
ratios lead To I'ower deactivation rates”an lhlg er ACls for a given set of
condi tions. [dogsiver, hinghesmiidinAdntSthé nedeondin skeee isusadteundeth hixeriglppr opri‘at e
conditions of tenperature, water partial pressure and tinme of contact with
wat er . Desi rRying tWore here SIsUB el coyatH Bphpiaseat dhigome aiplequlargiges of this

| pvention ar g, ldd el p RN R RRANG TRIEGHL ey 8L LR RN ,poRE @i n  SI and
A*, at a Si/ rat1 o of “not greater than about 0.5, preferably mnot greater
than about KEutéht Applieatpndfudhiedioyn Nw2002-0a689thd int@batibnd) PAblictioh| nore
pref erably not W%Lgegjt_er t han, about . 0.15, and nost preferabl é.;_],lg()t greater

than about OYa. Kto8epublishasmielGs 1995 boty of Ayhislnatedherein &5 i cient Iy hi gh
to allow for;_| ti b Vigt t P4 SCHR By ,

Pref erably, e %@&é@ﬁﬁoﬁﬁhﬁcﬁog ro?%ﬁ@!% SA%)D(?—E%’U gg@% evese@rf Zg fitfe

si | i coal um rphEkfiatwecdeles ahd B APCRYLRad H@H Acoarhai trkSypanthusAheat a ratio

of at |east about 0.005, npre preferably at |east about 0.01, and nost
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
AEI framework-type, as determined by the DIFFaX method disclosed in U.S.
Patent Application Publication No. 2002-0165089, is greater than 1:1.
[6097] Generally, molecular sieves (1.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 nifrogen containing organic compound. Typically, a combination
of sources of silicon and aluminum, or silicon, aluminum and phosphorus, water
and one or more templating agents, is placed in a sealed pressure vessel. The
vessel is optionally lined with an inert plastic such as polytetraflucroethylene, and
heated under a crystallization pressure and temperature, until a crystalline material
is formed, which can then be recovered by filtration, centrifugation and/or
decanting.
[0098] Non-limiting examples of silicon sources include silicates, fumed

' silica, for example, Aerosil-200 available from Degussa Inc., New York, New

York, and CAB-O-SIL M-5, organosilicon compounds such as
tetraalkylorthosilicates, for example, tetramethylorthosilicate (TMOS) and



preferably at |east about 0.02. [00951 Non-limting exanpl es of SAPO and

Al PO nol ecul ar si eves useful herein include one or a conbination of SAPO-5,
SAPO- 8, SAPO- 11, SAPO 16, SAPO 17, SAPO 18, SAPO 20, SAPO 31, SAPO 34,
SAPO- 35, BAPTSBI98EAPO- 37, SAPO 40, SAPO 41, SAPO 42, SBEPDUAZ(04BAP® 47,
SAPO- 56, WO 2005/ 019388 PCT/ US2004/ 020770 25 A1PO- 5, AIPO 11, Al PO 18,

Al PO- 31, AI PO 34, AlPO 36, AlPO 37, ALBS 46, and netal containing nol ecul ar
sieves thereof. O these, particularly useful nolecular sieves are one or a
conmbi nati on of SAPO 18, SAPO 34, SAPO 35, SAPO 44, SAPO 56, Al PO 18,

A1PO 34 and tal .containin ivatiyves,.t hereof such as opne or a
conbi nat i on %&a%m%ﬁl%%@%)’ %%é/agﬁ,m%l%ég'i@,us ANEPCIHER AT EBNL ai ni ng
derivatives gber&afie 1a06k-BSPACIALLM1OROF FA. 60 BBANRINGHoRE, SAPO- 34,

Al PO 18, and netal containing derivatives thereof. [0096] I'n an enbodi ment,
t he nol ecul aWilgitegten,i Belamarendibeig rovitoh amptanibiadtiortheieny t wo or nore di stinct

crystalline es within .one nol ecul ar. sieve conposition 1n particular,

i ntergrowt h ?@cul ar SPRiEEting exapples 9y lflﬁmlﬁ.ogggs( mﬁi\’l‘j@ﬁ{mﬂﬁwﬁl cation

Publ i cati on MMa,xigQ0s QLGRS A NS iR Sunfiilh bESPHAR, allinuiP 98/ 15496,
publ i shed Apri ulG,’ {998, bot h o? mﬁﬁr e’herel\i n ?ul Ip‘;}/1 farl\co;npor ated by

ref erence. HRodrexdsypbdimSABOIER, pAuBOLbnt gitibditd Sndhavminem AE
framawork-tytgie agd SAPO- 34 has a, CHA ff&amawork-t e. fTr?us, t he nol ecul ar
si eve used HBFPAGmE) s8GRYTPBANSH BRERE A GHe PHRLIGReA RTABRINE 5t ABI  and

CHA franmework-tyn pegi:al Lat.t . rk-type to
AEI framevvoréis-e %%Oggéel%gédgiﬁg?unw\%%%ﬁﬁ?gagfgtég Oglé%r %@h&g closed in U S

Pat ent Appl i maktwar feMal i cati on No. 2 002-0 1 6 5 0 89, is greater than 1:1.

[ 0097] GCenerally, nolecul ar sieves (i.e. | ecul ar sieye crystals) are

algnt hesi zed @}O%he hy&ﬁ%“t" 8Rteg e’@ﬂiéffsaﬂflpb%&‘%ﬁ SB’FICB%QV%B&‘% alsef a source

of al um nure e - Of . and a
Mheldde Ql%ﬁ'fg.hrﬂ co%ﬂﬁ@‘@{déghoﬁs (%;H&ﬁlo(ﬂg, 1ﬁ&lhﬂé7€|5‘3(:58ﬂﬁ‘icez[c1 2

tenpl ating agent, s as a nitrogen containi ng organi mpound.
Typi cal | y, eorganbphesphains sweh as auetb@phofphaiel awberystaldinalouamotpipuor silicon,

al um num and phosphorus, water d one or nore tenp|ati.n ents, is placed
in a seal ed %%%EP@&@&%@@" a?hﬂéls 8&% ghhorus sg %ioﬁﬁ‘g\m’\}lap‘?%éggﬁ?é K an inert
plastic such,ag.Roleb&LE BF hHALAGHLEYY SHAShoRdeid, particularly when producing

a silicoaluminophosphate.

[0101) In general, templating agents or templates include compounds that
contain elements of Group 15 of the Periodic Table of Elements, particularly
nitrogen, phosphorus, arsenic and 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

r—_—

compounds and combinations thereof. Suitable quaternary ammonium
compounds are represented by the general formula R,N", where each R is
hydrogen or a hydrocarbyl or substituted hydrocarbyl group, preferably an alkyl
group or an aryl group having from 1 to 10 carbon atoms.

10102} Non-limiting examples of templates include tetraalkyl ammonium
compounds including salts thereof, such as tetramethyl ammonium compounds,
tetraethy! ammonium compounds, tetrapropyl ammeonium compounds, and
tetrabutylammonium compounds, cyclohexylamine, morpholine, di-n-
propylamine (DPA), tripropylamine, triethylamine (TEA), triethanolamine,
piperidine, cyclohexylamine, 2-methylpyridine, N,N-dimethylbenzylamine, N,N-

diethylethanolamine, dicyclohexylamine, N,N-dimethylethanolamine, choline,



heated under a crystallization pressure and tenperature, until a crystalline
material 1s fornmed, which can then be recovered by filtration,
centrifugation and/or decanting. [0098] Non-limiting exanples of silicon
sources i WD uP&0OEI3EY cates, funmed silica, for exanple, ARCDERINZOD7TAvail able
from Degussa Inc., New York, New York, and CAB-O-SIL M5, organosilicon
conpounds such as tetraal kyl orthosili &t es, for exanple,

tetramethyl orthosilicate (TMOS) and WO 2005/019388 PCT/ US2004/ 020770 26
tetraethylorthosilicate (TEQS), colloidal silicas or aqueous suspensions

thereof, for exanple Ludox-HS-40 sol. available fr .. .du Pont de
Nemours, W MY F’@Wylﬂ}ﬁ?fé%‘il’:‘jﬁ‘g‘i@%&%%zg?&S)‘B?ar’&n&%g?twﬁ%%ﬁgﬂher eof .

[ 00991 Non- | pmik.i ﬁ;iéﬁ][ﬁ S5 - L7 - 9%?1? ! 2 1

al | coxi des, pgeri)%g}it}%ﬁp e%’ﬁ‘fﬁ“ﬁ%ﬁ%@%@%ﬁ%& a y&%?ﬂnaggnﬁp o&%glg{eﬁty al um num
hydr oxi de, spibetidinal Lmetinl-gipepdmudd-nvakyloydehexgiahiisd, Baneathglpatidine,Mum
trichloride, or any conbinati A conyenj ent, source of .alumnumis

.on thereof.
pseudo- boel umeﬂé’}‘Pﬁ%‘?lﬂlPxﬂWWﬂ@mﬁH&N Srsefh he-dazabicyelae 4m HEEdShhat e
nol ecul ar si gve. = |dpiting: e - LUS rces, which
may al so i ngTﬁ'gg ygﬁhg%knﬂ}%n? %%lt%allmr?f %lggéﬁlggi& o?fgg“@gb%?g%? t ?gl’@ml ncl ude
phosphori c aeiathe, ctylgasdiemposphudidar, sachimilatdlidehfiyPrefiinsphaplates and
crystalline or anorphous al um nophosphates such as Al P4, phosphorus salts,
or conbi nat i diseiepled dpm the remfearpia: oldslitethy] sMNERBYBREFYs i s phosphoric

acid, particy Yo[Uley il coal ung: : 01011 In
qener al - t enpl Aok SR LRAHARAR o1 dlehh e P AERAERRARES, .t Cont ai m

el ements of &Gehexiandie, thetehidoiwttiabhheeoholphel®n dipropdahineul arl y

ni trogen, phosphorus,. arsenic and antinony. Typical ter}'pl ates al so contain
gt | east on@g‘i\ky’wﬂ@mxﬂﬁ%m@fl@ﬂ’&%%@&ﬁl%aéﬁ %Wlﬂl%?o a3 group having
fromlto 10corﬁ§i§1€t?dhs%é}g§f’. for example froml to S carbon atons. Preferred
tenpl ates arée nitrogen-containing compounds, such as am nes, quaternary
amoni um co[mosdnds andhe pHbifat syathssit hexwef conflmibght £miniatuer patiyoramoni um

conpounds are represented by the general fornmula RAN+, where each Ris
aluminum, optionally a phosphorus composition, and a templating agent, 1s

—

generally 1 the range of from 2 to 10, such as from 4 to 9, for example from 5 to
8.

[0104] 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.

i [0105] " In one embodiment, the synthesis of molecular sieve crystalline
particles is aided by seeds from another or the same framework type molecular
sieve.

[0106] The time required to form the crystalline particles is usually
dependent on the temperature and can vary from immediately up to several weeks.
Typically, the crystallization time is from about 30 minutes to around 2 weeks,
such as from about 45 minutes to about 240 hours, for example from about 1 hour
to about 120 hours. The hydrothermal crystallization may be carried out with or
without agitation or stirring.

[0107] One method for crystallization involves subjecting an aqueous
reaction mixture containing an excess amount of a templating agent to

crystallization under hydrothermal conditions, establishing an equilibrium



hydrogen or a hydrocarbyl or substituted hydrocarbyl group, preferably an

al kyl group or an aryl group having from1l to 10 carbon atons. 101021
Non-limting exanples of tenplates include tetraal kyl anm onium conpounds

i ncl udi ng ARSI RW8F eof , such as tetranmet hyl ammoni um comEdulitEee4/0200r aet hyl
ammoni um conpounds, tetrapropyl ammoni uggjcorrpounds, and tetrabutyl amoni um
conpounds, cycl ohexyl anune, norpholine,“di-n- . propylam ne (DPA),
tripropylam ne, triethylamne (TEA), triethanol am ne, piperidine,

cycl ohexyl am ne, 2-nethyl pyridine, N, N-dinethylbenzylam ne, N, N

di et hyl et hangpl am ne, _di cycl ohexyl am ne, ..N di met hyl et hanol am ne, .choli ne,
VD 2005/ 0193§§W|§?3T¥119§26 FsoBaiay g dPialitist Ty HParaor g some of o

L, 4- di azabi Cyel B e ZrRhGtel Aent Mha/oMreMidbiets amiilusortdofdfigxanedi ami ne,
N- et hyl di et hanol am ne, N-het hyl - et haol am ne, N-met hyl  pi peri di ne,

3- et hyl - pi pewidile sieie.nBed) jorexemplre IS, ZatentNo35,684, 298, pyhicldisrherein -

met hyl - pyridi.ne,. qui nuclidine, N N -dinethyl-1,4-diazabicyclo(2,2,2) octane
ion; di-n- b@{qb’llﬁ?ﬁrﬁ%ﬁateﬂé’aﬁéﬁf?}cﬁm ne, di-n-pentyl anine, isopropylan ne,

t-butyl - an npspt hyl eondh s Bl atno Rl GRaoblgaRe. Pref erred

tenpl ates are selecte romthe group consisting of tetraethyl "anmoni um
salts, cycl epdetial aivlesesre dedcnibadinhlylS. Eytehtdliexad®, 655 (pentralingthe ratio
triethylaniine, cyclqohexylamne, tri-et hydr oxyet hyl anl i ne, norphol i ne,
di pr opyl am nét the tpiap atipg, pgea W@ﬁlqsgl&fﬁ?%@%hﬁw, N b ! e f or ns
thereof, and., Ge{MLARGLLEDS:I) r@.rS‘?@Btem[]]QJ:%?AhSTfEQ (Q&i‘d%;ctr% ﬁ‘)nz,ymﬁhﬁﬁ%rﬁ m xture
cont ai ni ng at ca m ni mim a st con, alum num optionally phosphor us
conposi ti on, Nenfl,9a2 7emratmag vagetinsition mgandl 8l PytentNoh 8,928/5§6and from 2 to

Synt hesi s mi R0arS5AUSPPIEES WEB0ETH S Non 34 S0OLRONaG heated,
oot ” SO0, LRSre A, eSS L STRRIEUA o g o0 of fron
from about 188&6,363 &iettton2idhélic saehiresed sranvdfied)t U1 @&Etent Dloa&0tit,74B0C.
OO T one ol Sroratit Modifen, 1.5 Batent Mo 6335234 (haaing tomdiaies, ' e
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 published August 22, 2002 (freeze drying the molecular sieve),
1 which are all herein fully incorporated by reference.
[0109] 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,
for example, by centrifugation or filtration. The recovered crystalline particle
product, normally termed the “wet filter cake”, may then be washed, such as with
water, and then dried, such as in air, before being formulated into a catalyst
composition. Alternatively, the wet filter cake may be formulated into a catalyst
composition directly, that is without any drying, or after only partial drying,
[0110] In one embodiment, the molecular sieve that is susceptible to
deactivation due to contact with water molecules is contained in a formulated

catalyst. In general, formulated molecular sieve catalyst optionally contains

binder and matrix materials. Conventionally, formulated catalyst is made by



particles is aided by seeds from another or the sanme framework type

mol ecul ar sieve. [0106] The tinme required to formthe crystalline particles
is usually dependent on the tenperature and can vary frominmediately up to
several wdeRgos/OT3sps cally, the crystallization tinme is framusbeun2B® m nut es
to around 2 weeks, such as from about 45 m nutes to about 240 hours, for
exanmpl e from about 1 hour to about 12@%hours. The hydrot her nal
crystallization may be carried out with or wthout agitation or stirring.
[0107] One nethod for crystallization involves subjecting an aqueous
reaction m xture containing an _excess anount of a tenplating agent to

t
cryst al | i zat MeAnggetherypalcsulRbs A crysials (Wiugh sncludes iammmlats) sl abdWéui 1 bri um
WD 2005/ 019388 S - r 84 : tion and
di ssol uti on,‘%gﬁjgﬁfégﬁ,ﬁ%?%éng@% %B %%ﬁorgoﬁ Mét?ﬁg fé%gggk?én%ﬁggﬁ?ég%%nt and/ or
or gani ¢ basedri€ (i.Bhiipiid idissetdy thowfcohiitsicliRtaotihathesteppRiec $6a,thd or
exanple, U S. Patent No. 5,296,208, which is herein fully incorporated by
reference. [0eBsPlaGipws: hpesibigdies molsaansisye catglysoneadesiemylats, ddapr
nodi fying npl | ar..Si.aves, .ar ri i N t - 53 879, 655
(control li ngn(ft??%gr% gﬁtﬁvgﬁeﬁb%dtlgggl}sg%% aﬁﬁﬁg)mggg%@ 7t tcl':))alt)hr%o%gblo%ns , U S. Patent

No. 6, 005, 15fmnhus eeskiantito dmdytid 185s bY dogidt wath 3@ditthre ddwaterlPd @RdvelNehe 5, 475, 182
(acid extraction), U S. Patent No. 5,962, 762 ét reatment with transition

netal ), U. S.ppiread caalyst mugps agidatedheiors use ang fids rypeiphirevidesodi f i ed) ,

U. S. Patent . 5. 92 i . S, .Pat 45,932,512
(fluor ?n:nt r%%r@&sa?e %?%ggﬁgﬁ%ktl@gac"%%%ﬁgﬁ %%%2 ?81%@?%1 Fg(g%lgﬁ;é Cli\llgat\l/c\}gl\'/e treated
or nodified)p1US. Patend 1id}\lﬁd ued@5 forkihe shps! denbelaaqliqaidasatdngionmgi fier),

e

U, S. Patent No. 6,225,254 ating tenpl at e}\fg PCT WO 01/ 36329 published My
25, 2001 (suwseddn Emmusfing Hedscjar speTcandystsl Npgdanitipg kKasplegogitable 12, 2001

(staged aci d.addj {i / 4 ubl i shed A . 2 2001 (silicon
oil), US it mﬁtﬁﬁ% el aicktal ke8RS BldeR R es%%?ﬁ%%@%?aﬁ% i shed May 9,
2002 (cool i ngerret e®dtentis @j,@y&)ed “ﬂ“ﬁ‘ Pat ent No. 6,448,197 (netal

i mpregnation including copper), US. Patent No. 6,521,562 (conductive
mcrofilter)[0134d U. S Mehtentiengp piccptiparpapludedin tha sigry 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
composttion, 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,

P

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

[0113] In one embodiment, matrix materials are natural clays, such as
those from the families of montmorillonite and kaolin. These natural clays
include kaolins known as, for exaniple, Dix1ie, McNamee, Georgia and Florida
clays. Non-limiting examples of other matrix materials include: halloysite ,
kaolinite, dickite, nacrite, or ananxite. Optionally, the matrix material, preferably
any of the clays, are calcined, acid treated, and/or chemical treated before being
used as a slurry component. Under the optional calcination treatment, the matrix
material will still be considered virgin matenial as long as the material has not

been previously used in a catalyst formulation.



20020115897 published August 22, 2002 (freeze drying the nol ecul ar sieve),
which are all herein fully incorporated by reference. [0109] Once the
crystalline nol ecular sieve product is formed, usually in a slurry state,

it my bewe@cwsersss by any standard techni que wel | knownprmusbesandzzo for
exanple, by centrifugation or filtration. The recovered crystalline particle
product, nornally termed the "wet filte¥) cake", may then be washed, such as
with water, and then dried, such as in air, before being fornmulated into a
catal yst conposition. Alternatively, the wet filter cake nay be formul ated

into a catalyst conposition directly, that is w thout, any drying, or after
only parti al {Oéll% ng. Jnoap®dicy W%ﬁ@%ﬁﬁ@d&ﬁ@%ﬁ?x Fﬁ@"ﬁtﬁséé{{ﬂ}éﬁ’r %a@(fe that is
suscepti bl e I | i : I

cont ai ned i n{yge f %ﬁﬁﬁ%%%’r@%ﬁ&%gﬁféf‘ay@?}f Gﬁ)ﬁ&}ggkg\reg I,BO or%?%%%ﬁg%hfar si eve
cat al yst opt iianalcbyte) ah@hiost prbferdtdy ttengatrimatetiarbtlanlial KaolGohastweional |y,

formul ated catalyst is nade by WO 2005/019388 PCT/ US2004/ 020770 29 m Xi ng
t oget her nol Bund i fosmapuepapls: high solA cement siyrpy éichas 8 deW diedh) swireca i qui d,
optionally w.th S X TRt e | ?sl r rma slurry. The slurry
is then dr},\/!éI a’(ag.ﬁét.gaébﬁﬁ%&?ésasgg%é\z{é)d ,ﬂ]\%{\nglteh%tt"ﬁt%%rrpl etely renoving the

templ ate fromitsle nol Pe@rably sthe veutrnSnaceal, phsicdlatle dlaypireicpibRiatdy eve
catal yst includes tenplate, 1t has not been activated, and is considered a
prefor med cakallipskas apreerage apriste size afdom alasit HOSem ExabOURRYS 1iBL EAE| yt i c

| oss by cont W I : tal yst
mist be acti Dara b EPBTARHELT e Rk o s Ralsd By BE R U SR, 1 )
met hods t o pmaiegial hdvba digpirtelt eikednabuiivnh of 1@stangboht ICR RN, grAatblvat i on.

[P111] The liquid used to formthe slurry can be any |iquid conventionally
used in fornigbathpmgboawbldenl ar sieve catalysts. Non-linmiting exanpl es of

suitable |igyi i ncl - - st.ers, or a
conbi nati on ﬂi{illllgfeof ) g\%f%gr |§£l§0 %b@?%ﬁ&g]cflﬁﬁeggﬁgm M@%gﬁim’alﬁé&h@t erials
are optional foymunedduaedcilar ike catdiystyofthii dntentiomk Suchiigefiglg aétliddeed nol ecul ar
sieve catalyst of this invention. Such materials are typically effective as

thermal si nkgliadunding igethsr SKireolary sevarcrystdnindrtheanabyals to émpasi ti on,
o FrarpLe, 40108 LERTREGAAR TIOLSATLAHITE ARAR SRR Y, 00, Lo
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.
[0117] Aluminium chlorohydrate, a hydroxylated aluminium based sol
containing a chloride counter ion, also known as aluminium chlorohydrol, has the
general formula
AlyOn(OH),Cly*x(H>0)
whereinmis 1 to 20, nis 1to 8,015 5t0 40, pis2to 15, and x is 0 to 30. In one
embodiment, the binder 1s Alj304(0OH)24Cl7#12(H;0) as is described in G.M.
Wolterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105-144, Elsevier,
Amsterdam, 1993, which 1s herein incorporated by reference. In another
embodiment, one or more binders are present in combination with one or more

other non-limiting examples of alumina matertals such as aluminium

oxvhydroxide, y-alumina, boehmite and transitional aluminas such as o-alumina,



attrition resistance, and to control the rate of conversion in a particular
process. Non-limting exanples of matrix materials include one or nore of:
rare earth metals, nmetal oxides including titania, zirconia, nagnesia,
thoria, bewylobieesgguartz, silica or sols, and m xtures gdEusHHiofoen

exanpl e, silica-magnesia, silica-zirconia, silica-titania, silica-alumna
and silica-alumna-thoria. [0113] In oRdé enbodinent, matrix naterials are
natural clays, such as those fromthe famlies of nontnorillonite and
kaolin. These natural clays include kaolins known as, for exanple, Dxie,
McNanmee, Ceorgia and Florida clays. Non-limting exanples of other matrix
mat eri al s i nehlugana, hallumoipe G-aluming aolunming.«-aldingtha, eed paaeninee, or anauxite.
Optionally, the. matrix fmaterial., preferably. an f hhe cl ays, are cal cined,
261 d tr eat ed RRITBIISHETI GO G haperaeparagrnile 4oadtE wlur ry
conponent . Upgefed fgregpti onal calcination treatnent, the matrix naterial
will still be considered virgin material as |long as the material has not
been previ ouéliB8lused iln aaoibat ahlystimbwy o batdeorare WOHO0%19) 19388

PCT/ US2004/ 020770. 30 [01141 In a.particul ar. enpodi ment, .the matrix materi al
s a ol ay o AL E S GRS O SRR SO HOTC AL y pe
COMOS 1 01 Jogi g o i, (1R1iRlers b2 SAANBRInad200vERM QSR aDI . the

matrix material 1Is ka({l)lln. Kaolin has been found to Torma punpable, high
sol i d cont eritydsdtes sugh as pschdsbohehaiy Witkeshagdrifrafemblaa e@y-hangen acigacks

together easily due to.its.platelet.str tgre-. %0115%( : Freferabl 3/{ t he
matrix mat er§YERre 315 o ARFHRRL 10 & ‘,m%{ﬁdll{%’P' PRItnE ey ampey Pt PRS2 aver age

particle si 2gaAloid EQIB@H Qi 0515 Mckiie A0 86 ERailinIRES NEST erably from
about 0.1 mto about 0.6 pm It 1s also desirable that the matrix nmaterial

have a d90 palidmicdleCcsiNapediiBe,rlilnots, aml NfacobseilnblarirombthetNvachl Nancpr ef er abl y
| ess t han abouhﬁé gyrrl1 [ 1161_‘”@' ndeéus are also optionally included in the
slurry used T5hpRIR e FY) aate SH8-ecul ar sieve catalysts of this
[ nvention. Sgefymat e iighmiBth nhi 18d i@hidine PAOHbRGLPYEI NS, RIQED! ecul ar

S o forma ate

si eve crystal nd other materials, t or mu catalyst
conposi t i on.caldyst Is considagd ebanjerless aafalyst. nif@isler isalsad eéhe amoumws bindpes of

i norgani ¢ oxi de sols such as drated alumnas, silic and/ qr ot her
i nor gani ¢ Oﬂsagtq;mpgqreﬁﬁrgﬁgcg gierraRyshrangeerom ﬂ‘ﬂt%g/ﬁpyt“f?é&’éi%der is an

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
o liquid (i.e., after drying).

10120] Where the catalyst composition contains a binder and a matrix
material, the weight ratio of the binder to the matrix material is typically from
1:15 to 1:5, such as from 1:10 to 1:4, and particularly from 1:6 to 1:5. The
amount of binder is typically from about 2% by weight to about 30% by weight,
such as from about 5% by weight to about 20% by weight, and particularly from
about 7% by weight to about 15% by weight, based on the total weight of the
binder, the molecular sieve and matrix material. It has been found that a higher
sieve content and lower matrix content increases the molecular sieve catalyst
composition performance, whereas a lower sieve content and higher matrix

content improves the attrition resistance of the composition.



al um na-contai ning sol, preferably alum nium chl orohydrate. Upon cal cining,
the inorganic oxide so], is converted into an inorganic oxide matrix
conponent, which is particularly effective in form ng a hardened nol ecul ar
si eve cat &lysns/omoeggosi tion. For exanple, an al um na sol pewlds2@eoyeré to an
alum niumoxide matrix follow ng heat treatnment. [0117] Al um nium

chl or ohydrate, a hydroxyl ated al um ni ur?based sol contai ni ng a chloride
counter ion, also known as al um nium chl orohydrol, has the general fornula
Al mOn(OH)od p x(H20) whereinms | to20,nis 1 to 8,0is 5to 40, pis 2to
15, and x is o 30. In one

enbodi nent., .the _binder is A _.
1304( OH) _2401[*??% ( H20) gEopgraly Jie et of \gﬂn@ffl\ﬂndp%}aﬁé’f h}aéﬁﬁl,al ssugh that o g,
Suuf . Sci . 380 sShitled mpRouBAGER: LRy A8mpbliRGY L dihains ASRIBOUAL, 1§993, whi ch

is herein incorporated by reference. In a odi nent, one or nore
bi nders are gioesedit, suoh aofrbmndbioh) W tbhbomte064, snr & frahhboutridés to miti ng
exanpl es of alumna materials such as al um ni ym oxyhydroxide, -y-alum na,
boehni te androoRR$E e+ b REAMRIF fFeMaRoUL &t tadbat 4P conyenisnty Fem9388

PCT/ US2004{ 051209)21? %%%&a@dm@%%%e%ﬁ%ﬂﬂé Hl%lec{?lhs igﬁﬂ%ed%hq H{Hteﬂa’ K-al um na,

and p-al um na umniumtri r oxi such a bsite, bayerite,

nor dst r andi twegightoyfehd foemubtd mofextlar @sva daelwotompditidd] | n anot her

enbodi ment, the binders are alum.na sols, predom.nantly conprising

al uni ni um oxi0dé2! opt i oh NYIEPHAT HEY YR pEegReq w@tqulfiﬁa&ﬁ& enbodi ment ,

t he binders L FPNeg d SRk iRfes A%ELAL es such as
pseudobohem ‘?‘{é‘,%“%ef%thgﬁ‘qaé%{l% tah(grare?@r gbe%/{n%E non-%aggegﬁhgm Sdt, to Epr epare
sol s or al undlirNThOconymneiis @S be Mored inniny brdgr,exdnipd @&tode is tovmmighlyal | y
avai | abl e col | oi dal, al um na sols include Nalco 8676 avail able from Nal co
Gheri cal Co. Strqdpe frm the sturyy jThgimaore hagonghdbe Fikiyg: thaBeerthom t he Nyacol
Nano Technol Qgy elﬂé? FthBoRQN, Massachusetts. [0119] If binder is not used
in making the m)ﬁ ecular sieve catal yst, the <catalyst is considered a
bi nder| ess c@tadlyst. |Theunixderof the ubmed,is pfecerabip swificzht o breds anyused to
prepare the nol ecul ar_si eve catal yst E anges from abo_ui 2%% b%/ ight to
aggregates or large particies into smaller, more uniform particles. In géneral, the

more vigorous the mixing, the smaller the catalyst particles formed in the slutry.

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.

[0124] 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 siurry should not
i be too high, so that mixing is not effective in breaking apart large particles, or too

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

[0125] In one embodiment, the slurry has a viscosity of from about 100 cP

(0.1 Pa/sec} to about 9,500 cP (9.5 Pa/sec), as measured using a Brookfield L'V-

DVE viscometer with a No. 3 spindle at 10 rpm. Preferably, the slurry has a

viscosity of from about 200 cP (0.2 Pa/sec) to about 8,500 cP (8.5 Pa/sec), and

more preferably from about 350 ¢P (0.375 Pa/sec) to about 8,000 cP (8 Pa’sec), as

measured using a Brookfield LV-DVE viscometer with a No. 3 spindle at 10 rpm.

[0126] In another embodiment, the slurry has a solids content of from

about 10 wt % to about 75 wt %, based on total weight of the shury. Preferably

the slurry has a solids content of from about 15 wt % to about 70 wt %, more

preferably from about 20 wt % to about 65 wt %, based on the total weight of the



about 30% by wei ght, based on the total weight of the binder, the nol ecul ar
sieve, and optionally included matrix material, excluding the liquid (i.e.,
after drying). Preferably the anount of binder used to prepare the

nol ecul ar o eweneadsal yst ranges from about 5% by wei ght plegaheidlo:@950 by

wei ght, nore preferably from about 7% by wei ght to about 15% by wei ght,
based on the total weight of the binde#3 the nolecul ar sieve, and
optionally included matrix nmaterial, excluding the liquid (i.e., after
drying). | [0120] Were the catal yst conposition contains a binder and a
matrix material, the weight ratio of the binder to the matrix material is
typi cal | 'y frelurryl The seledsicoptenteasibegaedspisthusing@ny eonventiorghanggag.t i cul arly from

1:6 to 1:5. e anp i-nder. i s _typi¢al from about . 2% ight to
about *309% by eyt  Cran S Sa00 Bl Skt PuEl; ik AR LR RAstis by

wei ght, and paktbsuh abhystéit ih B OMbes L3 Nepdight to about 15% by wei ght,
based on the total weight of the binder, the nolecular sieve and matrix

mat erial . |t [HAS] been fwommembaimenthihghbrry useétvemdlribe fornamated ower matri x
content increases

t he mol ecul artsi ve, cat al yst_ ¢onno itio pe[rf mance,
wher oas a | oRBICRIETE L BTN ARSI E A R E P B Ao THBTE0ES € he
attrition regbaf@nee1af HrberooMBRsdirtPised WONAROBEQIA3&BaRHUaidy@P4/ 0 2 07 7

0 32 [01211 In general, the anount of binder and/or matrix material is such
that the forenfkias bodapindoniax mdteied acawalghtratioofposi t:kdio t@nmaiens from

about 1 %to baut -99% .such.as fro out. 10 % to about 90% such as from
about 10% t Opregegglﬂy 18]31300 %%rang?é%wg%g@%?%f}gtl_'2%%&?60“’5%18 n&f@%re and
conveni ent |y ey, tRbRidecaRYaibPe aRRMINROW:MAcHREL ahindef. the nol ecul ar si eve,
based on the total" weight of the foornul ated nol ecul ar sieve catal yst

conposi ti on. [(138P2] Thén frohwebitingthesiatalest coppesatian, theanolesder sitverandli qui d, and
the optional matrjx . material and/ or. bi nder si ng.canventional techni ques
o forma  PRREy PRAE Rl Braft 2Bkt i uly o ari W R et Che i xtur e
i's thoroughl Yiquidtd fdrffla EIQJTSI(?Wzﬂlﬁ%oﬁﬂaﬁﬁﬁg’ﬁoﬁ%omoavéiQHt_rﬁ!ﬂ&fﬁt towdoat i rring,
the better the consistency of the slurry. [0123] The mixing of the slurry
i s preferabl §0 sigight pereent, sushias &k zhoyt 25 weight percent to about 85 weight

percent, molecular sieve, based on total weight of the slurry. 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 normally will be water.

[0129] 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 umit 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.
Preferabty, the forming unit is maintained at a temperature sufficient to remove a
majority of the liquid from the slurry. -

{0130)] ‘When a spray dryer 1s used as the forming (or drying) unit,
typically, the slurry of the molecular sieve particles, and optional matrix material
and/or binder, 1s fed to the spray drying unit along with a drying gas. The drying
gas contacts the slurry and acts to remove water to form the preformed molecular
sieve catalyst. Conventional drying conditions can be used. Such conditions
include an average inlet temperature ranging from about 150°C to about 550°C,

and an average outlet temperature ranging from about 100°C to about 250°C.



aggregates or large particles into smaller, nore uniformparticles. In
general, the nore vigorous the mxing, the smaller the catalyst particles
formed in the slurry. Mxing using high-shear mxers is preferred. In
general , NWWQRISHANBS i xers are capable of rotating at spegass2004/@077heast
about 3,000 rpm | aboratory scale equiv%Lent. [0124] Solids particle size of
the slurry can be indirectly determ ned by neasuring 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 shoul d not be too

hi gh, so tha Lxing is not effectiy br eaki n | ar e particles, or
too |low, so qlﬁg dryi ﬁ&%ﬁ?raﬁgf 3%%@5“%@&@5% gf” 8 f or mati on.
[01251 In ong; ﬁtﬂﬁaﬁgmtmo%ﬁﬁo St H%Ba Séegeﬁabﬁﬁgat téfoatt sﬁfagrth?obeut 100 cP

(0.1 Pa/sec) to about 9,5 cP (9.5 as neasured Ing a Brookfield
LV- DVE vi scdxwtgcrhamuehwaen‘dcatoxﬁlzsmmoﬁcarsatﬁ\tmtzapnm 1sFa“chfee'ed1by§qrcmge sl ur ry
has a vi sco of from abouyt 20 Pa/se t o about cP (8.5

Pa/ sec), and! cg]rae?HP Cpe 576’2%:195 F‘)@h@ﬁeqﬁﬁyesdé% 1 §° about

8,000 cP (8 P o8 %Phon@a%ouﬂﬁﬁﬁ%ﬁaﬁf& é&?hﬂ“ﬂo@ &E@&E%ﬁ% KPYda %V%]o‘ﬁ't ggogeter with

a No. 3 spindl €& at n anot her enbodi ment e slurry has a
solids cont ehPa:{)f Ixtmmtherabﬂmﬂnﬂ@t%e Shitrg isafed titrowgh Mmg@eltmasle@ron t ot al

wei ght of the rry. Preferapbly the slurry has a solid content of from
about 15 wt %UM%IB%@@S Rﬂt“’%‘a POR1Za4PR PEFIRRSHNE TR SHSHS WoSEA™% t o about
65 wt % basgd.Q % Bpﬁr#&hé‘ljsut’t’%lg% of the WO 20W19388 PCT/ US2004/ 020770 33
slurry. The sofF 3 tent can b€ neasured using any conventional neans.
However, a CHN3MAS 700Imyeravtheeembddiinent thesheey that ipasdd wouhdkliye preferred to
gi;ve results cansi stenE W th the vgl ues recited herein. £0127_1 ln one

efbodi nent Pwéoryte&rc.ata YF BlLiegicHR BefBelsy phif SPBENE YHIcsLhREIiSEbEGE cat al yst

contai ns bin LA BIR Bl Bl G INRIERE @b frdlled H/ATLY: 1 O 11,

Preferably, t e slurry use sieve catalyst contains
bi nder and natoré factoms mletﬂingaeﬂuray vty smafhca)tenitoni ritww datd préssurk; hd nor e
preferably 1:10 to 1:2, and nost preferably 1:6 to 1:1. In case where
bi nders are %er%&ft@%%lth‘éﬁhaﬁ aqd dimsneigmeb Hemozziet gr tg%ts as a

bi nder . [ 0128];.}9, & aE BY a1 At AhplolShre BUMBRIA A -ulienr ! ecul ar sieve

and
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.

[0133] 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

m——

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

[0134] In one embodiment of the invention, the molecular sieve material is
activated by removing the template by heat. In a preferred embodiment, the heat
is sufficient to remove water that is formed as a result of the combustion of the

template. Preferably, the molecular sieve material is heated at a temperature



optional binder and/or matrix materials are initially conmbined in the
presence of a liquid to forma slurry typically containing from about 20
wei ght percent to about 90 weight percent, such as from about 25 wei ght
percent tovab@at1g8swei ght percent, nol ecul ar sieve, bagsetd eBki@b@by wei ght
of the slurry. The liquid used to formthe slurry can, for exanple, be one
or a conbination of water, an alcohol, ® ketone, an al dehyde, and/or an
ester, but normally will be water. 10129] Liquid is renoved fromthe slurry
containing the nolecular sieve ,crystals to forma preforned nol ecul ar

sieve catalyst. Preferably, the slurry is fed to a formng upit fhat
produces t heZiSigr Brapd GricaligTmRrralirg 0E™ atst: afh |/ bfs tepBRESHEE Y BH. IOFREE f or i ng

uni t may be Wqétﬂ@%&ﬂb#&ﬂﬁlga&g%iwo%ﬁ%? B?l?cﬁepﬁee&%ea&étairgﬁ%ﬁ{t?e peldofiat 2€r

extruder, etc. a prefrerr i'men formng u IS spray dryer,
whi ch r enovesewatBefetabbynthdenplat isyehyved heantaegng kvitirsydangatpr ocess.
Preferably, the formng unit is nmaintained at a tenperature sufficient to
remove a naicBIPEaISEIeakE thandhe eritiqabipmpseatae of W?GYFB@%BPTWéWYa spray dryer
is used as t ' ' ' L I of the

nol ecul ar si %@8 pag?rq[el cVéfs)c,gftg%\%h@g%?’%ﬁg}va%%%{?élﬁgriﬁ%%tp v g%tglygénlgf %¥ bi nder, is
fed to the sghawedrprefoghbinby agrapristohdating@usiny brigy g&s Prdioeabily, yhendyy gas
contacts the slurry and acts to renpve water to formthe prefornmed nol ecul ar
si eve cat al y&shaggnclaiys BasT PEssGRf lesnban 0894 can be used. Such conditions
include an a e inl r ' L 0g about 550C,
and an averag]gggﬁtlet fﬁg%@?g?%@%%rtglﬁ .ﬁ?\%&@r SH%%%BHQ%%%%t%GJgg%Ut 250C. WO
2005/ 019388 RGELAUSA0RAC 20NAR:s 1B4entit] 3ddalduationg Gavaytichiayediginatidne slurry is
passed through a nozzle distributing the slurry intg small droplets,
riesenbl i ng afevikes 6awpe Yisdaypuch devdces Idvda iqtare Relpivers, fwdhsd selsmicssat i on
occurs. Atom I i eV rei - r irngl e
nozzl e or mrE) %%{)\g&rsfo@g ﬁfe}é;m\%' f’(ﬁa 1§}{%t§oglst§h§§ téélgglfériléﬁte {%en'rt Egﬁg&g&g?e ef%I rf om about
100 psia to kdvdettind oDBO npsécald aleoe tatbl9a doRgasition abdthe tmB&aturkPaa). I n

anot her enbodinent, the slurry is fed through a single nozzle or multiple
nozzl es al on@1dfk h an GPRRIEARA! GRCHANFLISHREIAIHES e GHgCE(fdR T88O% 1, st eam

flue gas, or Ay OhRkiRUhabh8:aRShe hT3Rlar Loy ket sRRASH Tent . the

slurry that 1s use toarra
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.
V. Exarople of an Olefin Forming Reaction System
[0137] In one embodiment of the invention, the reaction system is an

olefin forming reaction system in which feedstock is converted into one or more

{ olefin(s). Typically, the feedstock contains one or more aliphatic-containing
compounds such that the aliphatic moiety contains from 1 to about 50 carbon
atoms, such as from 1 to 20 carbon atoms, for example from 1 to 10 carbon atoms,
and particularly from 1 to 4 carbon atoms.
[0138] Non-limiting examples of aliphatic-containing compounds include
alcohols such as methanol and ethanol, alkyl mercaptans such as methyl
mercaptan and ethyl mercaptan, alkyl sulfides such as methyl sulfide, alkylamines
such as methylamine, alkyl ethers such as dimethyl ether, diethyl ether and
methylethyl ether, alkyl halides such as methyl chloride and ethyl chloride, alkyl
ketones such as dimethy] ketone, formaidehydes, and various acids such as acetic

acid.



prefornmed catalyst is directed to the perineter of a spinning wheel that
distributes the slurry into small droplets. The size of the droplets is
controlled by one or nore factors including slurry viscosity, surface

t ensi on, Wowos/atoess pressure, and tenperature of the sl mpcrys20oheehape and
di mensi on of the nozzle(s); or the: spinning rate of the wheel. These
droplets are then dried in a co-current®®r counter-current flow of air
passi ng through a spray drier to forma preformed nolecul ar sieve catal yst
conposition. An exanple of a conventional spray drying process is described

in US. Pat. .. 4,946, 814, which_ is.incorporated herein b ref erence.
[0133] The nldYul ar sinea‘/@ef?ﬁlieéF@Piméenéeg‘%@ﬁ%&sso‘iﬁﬁ%%@? e tenpl ate

fromthe prefe?&s'?@c‘i égﬁ{a%%;gnﬂ?r%&ggxgﬁhggﬁ%iiﬁqﬁg@gﬁ%aﬁlgo&es& <1 0 expose the

active catalytic sites e envir te can be renoved by
any conventsérgadt comphmidisieonianthgiali lagst by oxaxgaiploen. by taé thoktgiefemttiods or by
heating. The nolecul ar. sieve crystals thensel ves, can be actjvated for

i medi at e catmPgdiment qidhe pocess of Fivgptiony theroxyeendo By the Fredppsiols ong ofise.
However, it Is. t rosd S 3 into a
pr ef or med ca‘lpglleeag ,hgg((ﬁ)gﬂr%é(}?f’l\yaﬁﬁigg%t@lﬁoglgl@ h‘gﬁérg}ﬁgevae@ﬁ%éé;&%{aﬁ:%ﬂ?y nost

useful as a fleshoildsphadrgnddocl carbog afoaisypletdraisly fronducd 10 gebeat atbiig, pr ovi des
the nost effective particle size and hardness for conmercial _scale

equi prent . [@03agst prefeiblyediesn ditrdirarton aloges. | Theeteqhor usehi apiSreddeftan si eve
terial i ' YOV t . of d
ol ot * PRSI A Dy TR 00k U STRLE Bfalifh crdapypel or o

result of thdcseiastthenundatnirhed coeipipatte. Preferably, the nol ecul ar sieve
material is heated at a tenperature WO 2005/019388 PCT/ US2004/ 020770 35
greater thanl®fdl critiYap-linakpeeannles groxxagnetes ingludgyngthapglphanolme, wat er

formed duri : ' [ i | d _retained by
t he nol ecul aé}gp%@z\}e%%%%w,%ﬁﬁﬁgﬂﬁér(ri%?é;ﬁ@ e:ﬁgé}’r@% le‘gﬁ%lj;&cont acting with
steam at a kefppylathurslopheldtlerde] fiatettiheardomdté, cinethehpeod, ideticatidnat er. More

preferably, follow ng renoval of the tenplate, any water entrained in the
catal yst is #IIBXEeHPGE@L preferably by appropriate heating using a dry

gas. Prefer afyiyy) the diine R {1RRra ofluBkiNE ¥l ReaRbASR U0 sbgSS than

one or more of methanol, ethanol, dimethyl ether, diethyl ether or a combination
thereof, more preferably methanol and dimethyl ether, and most preferably
methanol.
[0142] The various feedstocks discussed above, particularly a feedstock
containing an oxygenate, more particularly a feedstock containing an alcohol, is
converted primarily into one or more olefin(s). The olefin(s) produced from the
{ feedstock typically have from 2 to 30 carbon atoms, preferably 2 to § carbon
atoms, more preferably 2 to 6 carbon atoms, still more preferably 2 to 4 carbons
atoms, and most preferably are ethylene and/or propylene.
[0143] The catalyst composition of the invention is particularly useful in
the process that is generally referred to as the gas-to-olefins (GTO) process or,
alternatively, the methanol-to-olefins (MTO) process. In this process, an
oxygenated feedstock, most preferably a methanol-containing feedstock, is
converted in the presence of a molecular sieve catalyst composition into one or
more olefin(s), preferably and predominantly, ethylene and/or propylene.
{0144)] Using the catalyst composition of the invention for the conversion
of a feedstock, preferably a feedstock containing one or more oxygenates, the

amount of olefin(s) produced based on the total weight of hydrocarbon produced



[0135] Heating to renove tenplate and activate the nolecular sieve is
generally referred to in this invention as cal ci nation. Conventi onal
calcination devices can be used. Such devices include rotary cal ciners,
fluid bedWshrrAE388 batch ovens, and the |ike. Cal ci nabCDUSti0WE207R)
typically dependent on the degree of hardening of the nol ecul ar sieve

catal yst conposition and the tenperatuﬁg. [ 0136] Conventional calcination
tenperatures are effective to renove tenplate nmaterials and to activate the
nol ecul ar sieve catalyst of this invention. Such tenperatures are generally

th f bouf. 400C to about 1, 000C, f f t 500C t
about 800G, ASFI ST VSRR G IF s g &b ERBLATTIOBCUNS Exanpl e
of an O efi r%rgé%éﬁ'h&g 7RG, P&cé}f%ﬁﬁ%rét@fa%ﬂ %rla%elotﬂgn ey ‘Fp&fcef&f i he

i nventi on, € reaction systemis a ormng redctfon systemin
whi ch feedstcmelemlrmdnﬁmahb ethoinmtod eﬂn@:neranahfor propgleat prodsged beypd eatbey, the

. feedstock contains_one or nore aliphatic-containing corrpounds such that the

al i phatic nmoP&{ V@%fé%@éh%@?ﬂr%m%t Argucedss gE?éF%W Ot BrHent RSEeAt-as from 1
to 20 car borbu@ﬁ eaie?fhaﬁ)? tE)[R@@htrlfc}r(éx &?é} tﬁ&nofﬁswelgﬁt”d particularly

from1t04car atoms éxanpl es of

al i phati c- cqmrwmlang pcefmablyrgrl&ternhinm%welglmpﬂﬁcﬂns Tutibalhs theetnamol  and
et hanol , al ky]l nmercaptans such as net nmer capt an ang et hyl  nmercapt an,
al kyl sul fi deByienfaproduceqan w}ghémrfzwﬁé’ase&owh%ﬁtﬂ&m0139 RydreCargethy | ani ne,

| kyl eth thyl eth
a1 oyt hal 1 st pRRUEECE i nehTho ol Bt iR AP B BRI CL Y L Et ones
such as di nekéight geedemneor é}@ﬁiﬂi&l @‘edityﬂtﬁsn 4am1ghaper0uﬁ ai:adiﬁusxu@}lna as acetic

agid. WD 2005/019388 PCT/ US2004/.020770 < 36 [013 In a preferred

enbodi ment  GAquRE ohpgpRisae produged lph‘(ﬁég%ltpﬁrﬁemtbﬁﬁd (f”eféﬁé‘lt@c‘i@lé}éirﬁ ai ns one or
nor e oxygen%%? AP, i I (s)

cont ai ni ng at East ﬁgﬁgﬁk}%’gg@é&%%eg%ﬁtﬁg%‘g%htg‘re er‘r i ment of

the process thin 2hweithi percerithfer exangee ateater thah 36 Weigt perekt, mdone or nore
al cohol (s), pr efq%r ably ali phgtl ¢ .al cohol (s) where the aliphatic noiety of
the al coholRreiFrabhs srealspihan 8 Weteld RFISER- at oms, preferably from 1 to 10

carbon at O 0145) In addition to the oxygenate component, such as methanol, the
feedstock may contains one or more diluent(s), which are generally non-reactive
to the feedstock or molecular sieve catalyst composition and are typically used to
reduce the concentration of the feedstock. Non-limiting examples of diluents
include helium, argon, nitrogen, carbon monoxide, carbon dioxide, water,
essentially non-reactive paraffins (especially alkanes such as methane, ethane, and
propane), essentially non-reactive aromatic compounds, and mixtures thereof.

The most preferred diluents are water and nitrogen, with water being particularly

i,

preferred.

[0146] The diluent, for example water, may be used either in a liquid or a
vapor form, or a combination thereof. The diluent may be either added directly to
the feedstock entering a reactor or added directly to the reactor, or added with the
molecular sieve catalyst composition.

[0147} The present process can be conducted over a wide range of
temperatures, such as in the range of from about 200°C to about 1000°C, for
example from about 250°C to about 800°C, including from about 250°C to about
750 °C, conveniently from about 300°C to about 650°C, typically from about
350°C to about 600°C and particularly from about 350°C to about 550°C.



and nost preferably froml to 4 carbon atons. The al cohols useful as
feedstock in the process of the invention include |ower straight and
branched chain aliphatic alcohols and their unsaturated counterparts.

[ 01401 NomMO 206T/Di9a% exanpl es of oxygenates incl ude net hapolrusesohamohy n-
propanol, isopropanol, nethyl ethyl ether, dnnethyl ether, diethyl ether,

di - isopropyl ether, formal dehyde, dinéﬁhyl carbonate, dinethyl ketone,
acetic acid, and mxtures thereof. [0141] In the nost preferred enbodi nent,
the feedstock is selected from one or nore of nethanol, ethanol, dinethyl
ether, diethyl ether or a conbination thereof, mre £referably met hanol and
di met hyl et hi48land noBimijselys @e Rpisent Heesnems be cppdusiad a¥Rs apde 58St eedst ocks
di scussed ab | - f il : , nore
part i cal ar | yotpeBRE AL o RbREHERAGS THAPA Qb REAERRINE. TPVS o

one or nore fkéfiok(kusiveer aheliluns hepinamnpRged ot bheess i éalgicoatkeet ypi cal |y
have from 2 to 30 carbon atons, preferably 2 to 8 carbon atons, nore

preferably 20k%&pms abentiohkBaadaabows MPasnspeh 35 faere 2henty Papdo abeilbons  at oms,
and nost pr elg@'a?béﬁ’d (?Orn%el?%l% f£05 808 ﬂf}fl‘g{lﬁ?@%o‘?@ 00 p1431 The catal yst

conposition he 1 nven IS particularly useful 1n the process that is

general |y refogasjed to @se whightlesntyaspatefd ety (WD VR efieabasahe total
alternatively, the nmethanol-to-olefins (MO process. In this process, an
oxygenat ed f&e@ghtefdredstrskiexpludmgant djluenthperhapopercongitiodmyeqds diEveck, is
converted in.t e . | [.Slev t.al ¥ iij-on into one
or nore ol elfnitﬁfcs'#%ﬁ%rcgﬁl SJP %%Pl?’ tgﬁﬁgléﬂéa%%%%ﬁr‘@ﬁt% P;‘:/Iﬁ lgilh?/# %ﬁ%qgﬁg %li “propyl ene.

[0144] Usi ngsiches Gatrpdbost 2 Bohpasohi 30000k tbeetavae foariboar 5 hhktoconver si on
of a feedstock, preferably a feedstock containing one or nopre oxygenates,

the amount @foubl¥ad (s erienlybEemabew 1t0H§"_1t¢Q)ﬂfzﬂ11t WGkt - dn ongdr ocar bon
produced 0 ZOPRAEIHE iSRRI Mtk 90q! Sndt JAEaE BRRaY Vet ght
percent, typrcally gfeater tha WeT ght™ pércent. sUCh as —dreater than 70

wei ght per cefibthasldnfloe HRnabyletlgr satethetrhiag of Sronehight 208r tebout 300 one
enbodi nent, the anount of ethylene and/or propyl ene produced based on the
total wei ghtliof hydrocarbon product produced is greater than 65 weight

percent, [0150] 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.
09/708,753 filed November §, 2000, which is herein incorporated by reference.

—

[0151] The process of the invention 1s conveniently conducted as a fixed
bed process, or more typically as a fluidized bed process (including a turbulent
bed process), such as a continuous fluidized bed process, and particularly a
continuous high velocity fluidized bed process.

[0152] The process can take place in a variety of catalytic reactors such as
hybnd reactors that have a dense bed or fixed bed reaction zones and/or fast
fluidized bed reaction zones coupled together, circulating fluidized bed reactors,
riser reactors, and the like. Suitable conventional reactor types are described in
for example U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522 (dual riser),
and Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger
Publishing Company, New York, New York 1977, which are all herein fully

incorporated by reference.



such as greater than 70 wei ght percent, for exanple greater than 75 wei ght
percent, and preferably greater than 78 wei ght percent. Typically, the
anount et hyl ene produced in wei ght percent based on the total weight of
hydr ocar bevp 2(}1»5;01393% produced, is greater than 30 wei ght p@e;mgamum@uph as
greater than 35 weight percent, for exanple greater than 40 wei ght percent.
In addition, the anount of propyl ene pdduced in wei ght percent based on
the total wei ght of ( hydrocarbon product produced is greater than 20 wei ght
percent, such as greater than 25 weight percent, for exanple greater than
30 weight percent, and preferably greater than 35 wei ght percent. [0145] In
addition to t[%%xygenghepﬁfﬁ@@i\@ﬁ@mf %Wraﬁsmﬁmélgen@h@ dgsembigtisck may

cont ai ns one . ar.e V. to the

f eedst ock or ‘% ?(%ﬁ‘ftﬁ”@”@% I%%F'é% éegﬁ 811’% % ggéo %&t% ?ffy used to
reduce the cQpg®W r@GhhR)RemhbliPTHasKlas @@ipore{ﬂ@ﬁ NeRtdrRol woasd €. of dil uents
i nclude helium argon, nitrogen, car bon nonoxi de, carbon di oxi de, water,

essential | y retent Nact, il@@"%ﬁfaﬁ‘tfﬂm@zqdé@éé@acaiﬂ Wéﬂk&rﬁéemmha@lqﬂﬂet hane,

M xtur es- nerBOR O TR g BFEMaYedo] R Parte SRar BRERR T Spen, w1
wat er bei ng pafrdd ﬁﬁq&qﬁé&?orgﬁgﬁﬁ%@%ﬂcé 0146] The diluent, for exarrpl e water,

may be used either in lquid or a vapor form or a conbi nati on t her eof .
The dil uent rf@lsdhe eit ﬂenn@plxsienbﬂﬁmbo‘ﬂmynt the proeess sadsdoded st eri ng a

reactor or a t. rea ded wi it he | ecul ar sieve
cat al yst con&g’gf?‘%loq‘? S?Tr '?E]gVﬂngéﬁ?ldﬁF%nggm&%ﬁﬁ uggz%ﬁcfﬁ %rd over a

wi de range Ofsystéﬁnﬁf‘erg@ﬁéﬁﬁﬁysy%ééﬁ{‘aﬁsaﬂeEbJeﬂﬁsfsﬁHEe of from about 200C to
about 1000C, exanpl e from about 250Ct06 about 800C, including from
apout 250C tdOhiS(])ut 730 s@h a:xmnV@artlwm:acyorfsbfetnmado@mm@ﬂbanchd@tmﬂmd650C

t ypi |1 f bout .0 t60C d t | | f bout 350C t
about 550C. |\ BURLT XdaBEe s PRI ORE OB 0" G opE B TT FE the

present proCeg§ a aidnAGeAn0E USSR tANGE 1elst Wb isE NG \féfssd?rt?&%&l'lges i ncl udi ng
aut ogenous pressure. Typically the partial pressire of the

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), 1s fed to the one or more riser reactor(s) into which a
molecular sieve catalyst composition or coked version thereof is introduced. In
one embodiment, prior to being introduced to the riser reactor(s), the molecular
sieve catalyst composition or coked version thereof is contacted with a liquid,
preferably water or methanol, and/or a gas, for example, an inert gas such as

i mtrogen. |
[0156] In an embodiment, the amount of fresh feedstock fed as a liquid
and/or a vapor to the reactor system is in the range of from 0.1 weight percent to
about 99.9 weight percent, such as from about 1 weight percent to about 99 weight
percent, more typically from about 5 weight percent to about 95 weight percent
based on the total weight of the feedstock including any diluent contained therein.
The Iiquid and vapor feedstocks may be the same composition, or may contain
varying proportions of the same or different feedstocks with the same or different
diluents.
[0157] The feedstock entering the reactor system is preferably converted,
partially or fully, in the first reactor zone into a gaseous effluent that enters the

disengaging vessel along with the coked catalyst composition. In the preferred



f eedst ock exclusive of any diluent therein enployed in the process is in the
range of fromabout 0.1 kPaa to about 5 MPaa, such as fromabout 5 kPaa to
about 1 MPaa, and conveniently from about 20 kPaa to about 500 kPaa. [0149]
The wei ghWhdirnip3ghace vel ocity (WHSV), defined as the poTa200M@2gNE oOf

f eedst ock excludi ng any diluents per hour per weight of nolecular sieve in
the catal yst conposition, typically ranges from about 1 hr4 to about 5000
hr-1, such as fromabout 2 hr 1 to about 3000 hr-1, for exanple from about
5 hr-1 to about 1500 hf1, and conveniently from about 10 hfl to about 1000
hr-1. In one enpodi ment e VWHSV reater.than.20 hr-1 and, e

f eedst ock co?ﬂla?qf}g‘embrﬁi’ﬂ%? %%BWB]A §| bﬁ e digHgIsing Lessq] t‘? ﬁf‘é’aFaé‘?\Qﬁ“& of from
about 20 hf G nducted in a
f1 ui di zed be%ld‘etaﬁgtjgl eég‘?csftg{n from it %%“:é{éﬁﬁﬁ‘%&%tﬁ?ﬁf’ﬁ@éfo ok ock

i ncl udi ng di bleéngs) wntﬂlrrthadtsemgagmgxhsmlsA\Mmdtglncycldmes a{re@mfanrech;gmvém and
particul arly thin a |ser reactor(s), is at ast 0.1 neter second
(m sec), sucFlf\%lI Sﬁft@&tté‘? BSEEISMES SRSy %%’ealsos]ifc‘i‘?egéo &Pé@'@f’eﬁhefﬁtﬁws rﬂ sec f or

exanpl e greaLgs, &sﬂ?dﬁhig?’]rﬂﬁﬁc? seiyE frﬁhln NHiRer A @Tor §Qﬁ%a1:ﬁ ég'ﬂlég alyRf

typically gre sec. or exarrp Appli catl on
Serial No. O%Iﬁﬁh&lﬂcﬁﬁfrcﬁmltm,gdﬁav@mﬁﬁm‘ensmcﬂﬁié@he wiei dlplalt@, bapsgdlbowsn aod por at ed
by reference. 0151] The process of the invention is conveniently conducted

as a fixed HedKsrocess, or nore typically as a fluidized bed process

i ncl udi | ent ' tdi zed bed
process,  andUapli cal afl Yameat P s S ey SRS S 28 orocess.

[0152] The prawespicatn it akevaplpacon of the diasigapingokssehtlaltyd stappiegedwr s such as
hybrid reactors that have a dense_ bed or fixed bed reaction zones and/or
fast flui di PedobetcaastcreRosiones ©plisicdavittoy gtsnaiclerahly 8¢ 854 ng f1 ui di zed

bed reactors d n react or
types are de{sxé:nrﬂlg%étgJ % or 2%%%1 catr%ﬁnséhb% tent okﬁ:}?&d} 8#6“%(@8%845 Pat ent
No. 6,287, 522n (mdttalas sucslears)argonapfkf&hbwdteaﬁi; toorecdang adwebddrigdrddarbiéuni i and 0.
Levenspi eI Robert E. Krieger Publishing Conpan New Yor k, New York 1977,
which are al frOWéh@pﬁ\@ﬁLﬂara}yst FOIERPSH NS Eﬁﬁnrl@ﬁr useb o, thewseshualion 9388

PCT/ US2004/ O%QZ%Q 39

[0159] 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.
[0160] Non-limiting examples of suitable regeneration media include one
{ or more of oxygen, O;, SO3, N,O, NO, NO,, N, Os, air, air diluted with nitrogen or
' carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide
and/or hiydrogen. Suitable regeneration conditions are those capable of buming
coke from the coked catalyst composition, preferably to a level less than 0.5
weight percent based on the total weight of the coked molecular sieve catalyst
composition entering the regeneration system. For example, the regeneration
temperature may be in the range of from about 200°C to about 1500°C, such as
from about 300°C to about 1000°C, for example from about 450°C to about
750°C, and conveniently from about 550°C to 700°C. The regeneration pressure
may be in the range of from about 15 psia (103 kPaa) to about 500 psia (3448
kPaa), such as from about 20 psia (138 kPaa) to about 250 psia (1724 kPaa),



[ 01531 The preferred reactor types are riser reactors generally described in
Ri ser Reactor, Fluidization and Fluid-Particle Systens, pages 48 to 59, F. A
Zenz and D.F. O hno, Reinhold Publishing Corporation, New York, 1960, and
U S. Pat anO 205/018383866, 282 (fast-flui di zed bed reactor), pandsehiSo26ah ent
Application Serial No. 09/564,613 filed May 4, 2000 (nmultiple riser
reactor), which are all herein fully VHcorporated by reference. [0154] In
one practical enbodinment, the process is conducted as a fluidized bed
process or high velocity fluidized bed process utilizing a reactor system

a regeneration systemand a_recoyery system 155] | ch a process the

r eact or systlé‘ﬁll“é&g\féﬂpéh?‘ftyzﬁW&?@@%’g}tq oyt E%b%w]r @QS%E?aEnyg}dem havi ng a
first reacti Sl i 18 a second
reaction zon@%@ﬁ&%@%%ﬁgﬂt@o@% @Z%ﬁé@g%g@gg?gﬁa@%@% 1y conprising

one or nore [@g6ljones. The peEermehone obtht cathlyst congositiomi theregoaeratareact or (S)
and di sengagi ng_ vessel are contained within a single rea%;tﬁgr vessel . Fresh

feedst ock, pHAY Be Hbihg TERESIOAITAMHP Yh BIORITRY 1@ SEY&f S SUChGiSHTwhARIY wi t h
one or nore dil )oankeS: r (] : ) into

whi ch a ml%@u@ﬁé@é&g nzlél{l%gyg?e %%%g???yﬁggé &85 %@E{?Eel?g?%grgtgier eof is

i ntroduced. ({iB., scoft@hhledicttietreganeiatdr) tray beimde irnigead fioadationt 010¢ ri ser
reactor(s), the nolecular sieve catalyst conposition or coked version
thereof is copleaereat b abyubd poupacent pasef on ) ptahselapesd hietdsadde, and/or a

, f N : ' . g di t,
Phe’ amount - oy 71 oA Oy b R Blo T et 0Bl ARl 6/ A PV Pomct on

system i s i nfebthgad)angicafly brlesst @bdutisSirgdle ppeseprelciably atdoast aBht @0wei ght
percent, such as from about 1 wei g{ht percent to_about 99 weight _percent,
mor e typi cal Mplereinh B ose psfgrrly fureehaut Lo melorarcas tamioghil pekcent  based
on the total ' f ' udi, i ont ai ned

t herei n. Th%ééﬁng’njltaa&{a%%%\?%Sglﬁgﬁtteéégg‘%éggﬁd@ﬁﬁ%g@%ﬁlg ré%b?rlg}aééghposi tion, or
may contain [(N62lyi ng pThpburhingrs colfe inttke sadkerationditd i ae Bkotha@rdst ocks with
the sane or different, diluents. [0157] The feedstock entering the reactor
systemis prigidionppsd momapiodgnentthe tqiapergtug vithun [he regeerabignsysten i¥ eact or

200 L2 RSB AR FRE 3 AR GPRhe o 010 L
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 system are in disclosed U.S. Patent No. 6,290,916 (controlling

b

moisture), which is herein fully incorporated by reference.

[0163] The regenerated catalyst composition withdrawn from the
regeneration system, preferably from the catalyst cooler, is combined with a fresh
molecular sieve catalyst composition and/or re-circulated molecular sieve catalyst
composition and/or feedstock and/or fresh gas or liquids, and returned to the riser
reactor(s). In one embodiment, the regenerated catalyst composition withdrawn
from the regeneration system is returned to the riser reactor(s) directly, preferably
after passing through a catalyst cooler. A carrier, such as an inert gas, feedstock
vapor, steam or the like, may be used, semi-continuously or continuously, to
facilitate the introduction of the regenerated catalyst composition to the reactor

system, preferably to the one or more riser reactor(s).



WO 2005/ 019388 PCT/ US2004/ 020770 40 enbodi nent, cycl one(s) are provided

wi thin the disengagi ng vessel to separate the coked catalyst conposition
fromthe gaseous effluent containing one or nore . olefin(s) within the

di sengagi MO vesH#1388 Al t hough cycl ones are preferred, gravctys2eidfoect’s Wit hin
t he di sengagi ng vessel can al so be used to separate the catal yst

conposition fromthe gaseous ef fl uent. 4& her methods for separating the
catal yst conposition fromthe gaseous effluent include the use of plates,
caps, elbows, and the like. [0158] In one enbodi ment, the disengaging
vessel includes a strippin zone, typically in a lower portion of the

di sengagi ng &dle| . | nBy geI Hr“i’ﬂo@ieﬁ’(j’“i‘?fﬁge rqgﬁgeréﬁﬁéﬁ\gg'éﬁ‘%wlt{?&%osi tionis
contacted wi %d%lead r@@%yera‘?éaeéa‘?éigﬁ'c:}ﬂmﬁﬂﬁﬁ% fiBm (HO PR sRierPlotfE) Mt hane,

car bon di oxi de, carbon nonoxi de, hydrogen, or ~an Inert gas such as argon,

preferably steaent syseni, gleosainuan orebettoky dn deambRoslar fisvenatdlgst coked cat al yst
conposition that is then introduced tqQ the regenerati on system [0159] The
coked cat al yempasHssSIITHg therepstond imamamedmihere afs BahgReHgUes@ssel and

i ntroduced t I i - -k k: conprises a
regener at or g%ltéﬁragln?ﬁggggﬁgog agg ag?éf/é Ogirggglsﬂ{e? %@%@@%@%@%@ﬁe@m th a

r egener at i onEgReinemal Teefegab) Viréuigas ERnlifdBaag Gosygetvidannadr conventi onal
regeneration_conditions of tenperature, pressure and residence tinme. [0160]
Non-1imti ngK@%ahw,@ds-oBlaghm1;%7@3%@%%%%%1%@lacqrp@ﬁti:ééw’one or more of
oxygen, 03, gg,eﬂcgzo, NO, NO2, N205, air, air diluted with nitrogen or
carbon di oxi de; "0Xygen and water (U. S. Patent No. 6, 245,703), carbon

nmonoxi de anp1es] hydr ogelte 1eBtls baecal@e benpddition aondatiredby are those
capabl e of burning, coke fromthe coked catal yst conposition, preferably to
a | evel | esswithdrawmesthe geiplybicoganosision fisas Big convarran prcass aRdi ght of the coked

ol ecbl 21 =1 e AR B PIRGR, AR LR R SRR, oL, PO

exanpl e, the feégeneration er a o] om about

200C to abOU&atﬂl?@Q&ngSMﬁbn,@&er feeirabaybre30 Ae lafgadidm DAN0Lsightor exanpl e
from about 450C to about 750C, and conveniently from about 550C to 700C.
The regener apsrefit pr &ut i & werghy pereentpsuch s frangbopt 0.4 werghi peigents apayta (103

kPaa) to abo% wgpggt I?e?ré:e%t,(t%rd' é‘)?ample 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.
{0166] The gaseous effluent is withdrawn from the disengaging system
and 1s passed through a recovery system. There are many well known recovery
systenis, techniques and sequences that are useful in separating olefin(s) and
purifying olefin(s) from the gaseous effluent. Recovery systems generally

| comprise one or more or a combination of various separation, fractionation and/or

| distillation towers, columns, splitters, or trains, reaction systems such as
ethylbenzene manufacture (U.S. Patent No. 5,476,978) and other derivative
processes such as aldehydes, ketones and ester manufacture (U.S. Patent No.
5,675,041), and other associated equipment, for example various condensers, heat
exchangers, refrigeration systems or chill trains, compressors, knock-out drums or
pots, pumps, and the like.
[0167] Non-limiting examples of these towers, columns, splitters or trains
used alone or in combination include one or more of a demethanizer, preferably a
high temperature demethanizer, a dethanizer, a depropanizer, a wash tower often

referred to as a caustic wash tower and/or quench tower, absorbers, adsorbers,



kPaa), such as from about 20 psia (138 kPaa) to about 250 psia (1724 kPaa),
WO 2005/ 019388 PCT/ US2004/ 020770 41 including fromabout 25 psia (172kPaa)
to about 150 psia (1034 kPaa), and conveniently from about 30 psia (207
kPaa) to abBdtIS@d938&i a (414 kPaa). [0161] The residence PiCHaSefostoher7eat al yst
conposition in the regenerator nmay be j.n the range of from about one m nute
to several hours, such as fromabout one mnute to 100 m nutes. The anount
of oxygen in the regeneration flue gas (i.e., gas which | eaves the
regenerator) may be in the range of fromabout 0.01 nple percent to about 5

The.gns. usecmPaorggoRupire (EaooiRe i Eafheltd) fite LofhudPUD P bes) i<

typically atsﬂlmﬁt about 15 nol e percent, preferably at |east about 20 nole
percent, and nore preferably from about 20 nole percent to about 30 nole
percent, basHd68 t ot aVanewuntovefy sveigorasefil tom refascingiolebnfsheusleggener at or .

[0162] The burni ng of coke i he regenerati.,an i n thermc
reaction, an@hﬁngﬁrmi%%f ,Eutfaﬂ% a?%%ﬁ@?a%ddpﬁé\neﬁ%ﬂrrﬁ Naoné%gggﬁer ation
systemis cpptdnahlvatndmyatd S4amb asRNPALRNdsns bie 149 t5 492ciudingy feeding a
cooled gas to the ‘regenerator vessel, operated either in a batch,

conti nuous, 508348 (moonbianeisapsrationsiel.SoPatnchndl, it (poesstiiealepofdentA pref erred
t echni que invpl yves w Wi ener at ed cat t,Go sition from

t he regener a?CFSS e§§wg1dg%ﬁlt§g§gbﬁazl%g 15[&?%?&%“18%&2%%%336 ‘er to forma
cool ed regensnal gsh GalALIImARITRPEI K dPFzen HAG cabdh Alokdde 1BQAL 8fep), NS AN

enbodi nent, is a heat exchanger that is |ocated either internal or external

to the regenBatantiNm S923t0em(repared methaveldo oy tudpes pewerplant), radg&h®r at i on

system are ip discl . S.. Patent No. 2 16 on | Ling. ,moi sture),
which 1o her Brfcads by 2 0T LpBielRieater U S pt R e e Biher at ec
catal yst conpasi, biedins Withde B ffacQmdis), ahe U eatht N8, 6¥51,998 preferably
fromthe catal yst cooler, is conbined with a fresh nolecular sieve catalyst

conposi tion Gmessoe swergidseptiankovinadl are all heredi @lly iwrarpdryted by cefaposd -t i on
and/ or feeds and/ or. fresh gas or liquids,, and.returned ta.the riser
aesor (o 88 e b T R, bt Rue PR OBV e 1 on

Wit hdrawn  f pomdldRr HRISRETALLPSE SYEHE afcdkaiveane & ooy 1 i ser reactor (s)

directly, preferably after passing through a catalyst cooler. A carrier,
such as an i Aepclogedia of €dsicatkechnology, 4th Edition, Volume 9, John Wiley &

Sors, 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.

r"‘_ﬂ

[0170] Generally accompanying most recovery systems is the production,
generation or accumulation of additional products, by-products and/or
contaminants along with the preferred prime products. The preferred prime
products, the light olefins, such as ethylene and propylene, are typically purified
for use in derivative manufacturing processes such as polymerization processes.
Therefore, in the most preferred embodiment of the recovery system, the recovery
system also includes a purification system. For example, the light olefin(s)
produced particularly in a MTO process are passed through a purification system
that removes low levels of by-products or contaminants.

[0171] Non-limiting examples of contaminants and by-products include

generally polar compounds such as water, alcohols, carboxylic acids, ethers,



vapor, steamor the like, may be used, sem -continuously or continuously, to
facilitate the introduction of the regenerated catal yst conposition to the
reactor s steQ}Mgreferably to the one or nore riser reactor(s). WO

2005/ 0193880 BEFPUSEH04/ 020770 42 10164] By control | i ng PREURHKZ7TP he
regenerated catal yst conposition or cqg{ed regenerated catal yst conposition
fromthe regeneration systemto the reactor system the optinmurn |evel of
coke on the nol ecul ar sieve catal yst conposition entering the reactor is
mai nt ai ned. There are many techniques for controlling the flow of a

catal yst conpQsiti desecri bed | uge I l,_Techni ques,
Crcul ati ng%ﬁ%lh?);g%s’ @Zlglsr ,C_%agg{élgqsl\gk\gﬁgs:%dgﬁﬂe% %%féﬁgﬁééﬂwégéﬁgeﬁgcki e, 1997
(336-337), WhiefdApiafis, MaiRbila ki ShBOKiebesh dynpouall € e phdsBhid hnfoke | evel s on
the catal yst conposition are nmeasured by w thdraw ng the catalyst

conposi ti on thlendash ©tberneatapiinmipeoriep®degis inctistedvdiagen gnd hydreeatlsss cont ent .
Typical |evels,of coke on t mol ecul ar__si ev cat al yst, conposition, after
regenerat | on?ucgraéa?%ylteﬂ% n?%ﬂr‘aeacgwﬁip?%oﬁ_ e&%qtacﬁgne %@rb& “to about 15

wei ght perceffr72puch agyhicony, abestiveRink oebofflor 8% ERNAted & ABMYE) halfhgwei ght
percent, for exanple fromabout 0.2 weight percent to about 5 weight
percent, and2eovaiboratdms, fnonvdseumt DyGogebeist ppecdeny olefnehdwying wei ght

t  based on the weight .of, the nolecul ar si 01661 . The.
G 1 nent i o G RAFSGHOP BHRE o BOARRG e cpavaht Crid A pabeir iy ough o

recovery sysh&MallJh&sehaAl ) WERHt MRbdnt KOOV EQCAYETY weihEh&BEI, foechni ques and
sequences that aré useful in separating olefin(s) and ~ purifying ol efin(s)

fromt hrerbgase?mma)_ le}fe[sﬂs ﬂ@pﬁ.WWF,w@pfﬁsulgémé&SaFHHyZ \&Ei/ghmestg}lb{l_el ?)rt nor e
or, a conmbi nation of various.separation fractjonation and/or distillation
Cover o, ol uh#ies o8 gha PrLPeTeng AP e ZFHEM pesaBidsAve oPLie PEer s

et hyl benzeneqyaih AGhisr e T{ My, Hak&bte th%’recév&}@yﬁ&@m%ﬂﬂclﬁ@l@&ﬁe glerivative

processes such as al dehydes, Ketones and ester hanufacture (U S. Patent No.
5,675, 041), mot wadten ystsosifart @dvedng prredi infpowritiex torppeéil producias condenser s,

heat exchangars ref TAGenatLon Systens. o, kL, LS. SURL SRR
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 Stfeams, Pet. & Coal, Vol. 37, No. 4 (1995) (dimerizing or

oligomerizing propylene, butylene and pentylene), which are all fully herein

—

incorporated by reference,

[0174] The preferred light olefin(s) produced by any one of the processes
described above are high purity prime olefin(s) products that contain a single
carbon number olefin in an amount greater than 80 percent, such as greater than
90 weight percent, such as greater than 95 weight percent, for example at least
about 99 weight percent, based on the total weight of the olefin.

[0175] In one practical embodiment, the process of the invention forms
part of an integrated process for producing light olefin(s) from a hydrocarbon
feedstock, preferably a gaseous hydrocarbon feedstock, particularly methane

and/or ethane. The first step in the process is passing the gaseous feedstock,



10167] Non-limting exanples of these towers, columms, splitters or trains
used al one or in conbination include one or nore of a denethani zer,

preferably a high tenperature denethanizer, a dethani zer, a depropanizer, a
wash t one™WQINERF%eferred to as a caustic wash tower anBCHBUSHWEHYN7G ower
absorbers, adsorbers, WO 2005/019388 PGlJ US2004/ 020770 43 nenbranes,
ethylene (C2) splitter, propylene (C3) splitter and butene (C4) splitter.
[01681 Various recovery systens useful for recovering ol éfin(s), such as

et hyl ene, propyl ene and/or butene, are described in U S. Patent No.

5, 960, 643 i Y - 019, 143,
5. 452, 581 a(n%%?%@%ﬁﬁﬁ?%gwgﬁg%i%%?%otﬁ ;J)s%%il? %&‘?‘B’tﬁ%lgﬁt%m?%? 2,197
(pressure depedden syndsRrdaeyd}as) blr&m,Pagiedity dNonprEir@artdBalighger ogen

removal ), U.S. Patent No. 5,904,880 (recovered nethanol to_hydrogen and
carbon di oxi esbemmenexide ayd hydpgen. Sypgasirodgstion Iowell bemvi,@ed &p¢dd net hanol

quench) . SVt ERpeRuteh e 1 b ot 1 B Mo rbher L G bt POtk

superfracti oga%h ssufltCirdinShe Rate@ R fidh athu29 BI998 abb R @OMPL SW ng
adsor ption), ich are all herein fully incorporated by reference. 10169]

Ct her r ecovebyntbssiz ganstreaas afepeoduged Fam Fatwak gasnpesspbuaniquifgand exanpl e f or
the purifi catign of ol ef i%s% ar.e c\escrilbgdl i.n Ki rk-.Otlther o Encycl opedi a of
Chemi cal TectBTBG5PUS AR YIS SOl Trivec 6 P4 AP §aS8ohaY 1996, pages
249-271 and §f4r &8onic M) PRIBEFIQIsInthBEOsRAREAMS Pdudaes QPSR -
Purification systens are also described in for exanple, U S. Patent No.

6, 271, 428 ( preforisgef epiwgl gas- di ol ef i n hydrocarbon strean), U.S. Patent No.
6,293,999 (s ting opyl.ene .f r,om propane an . S.,, Pat ent. l'ication
Nb- ool 68, BRIOF | og BREBRUFBn BB SR AN Gl es Pl gt S 2B ng

catal yst), Wil gatellRarial NhéBeRERIIEREVBY typRfafY aR6Sper badeAQhtafsaner al Iy

acconpanyi ng nost recovery systems i s the production, generation or
accunul at i ontogfrodiidianiozya¢napr eaiaining stigamradgocn sombidaioon wsbmateni frant s al ong

with the preferred prinme.products. The prefer rime .products,.the |ight
ol efins, suc?flea?%éqdﬁ’wlgngngﬂﬂtaﬁ%i}?%ﬁecgn@f?ge({ g'fg%ﬁfiﬂ;‘)fep‘ﬁrtﬁf‘f FIBEE 9% or use in
derivative napsf6ehtIING tBLHBGRSISOT BENpASsPOIVIRE Finga b fBnPiREES Ses.

MPa to about 10 MPa.

[0177 | 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

ﬁ known purification processes, distillation, separation and fractionation, resulting
in a purified oxygenate containing stream, for example, commercial Grade A and
AA methanol.
[0178] The oxygenate containing stream or purified oxygenate containing
stream, optionally with one or more diluents, can then be used as a feedstock in a
process to produce light olefin(s), such as ethylene and/or propylene. Non-
limiting examples of this integrated process are described in EP-B-0 933 345,
which 1s herein fully incorporated by reference.
[0179] In another more fully integrated process, that optionally is
combined with the integrated processes described above, the olefin(s) produced
are directed to, in one embodiment, one or more polymerization processes for

producing various polyolefins. (See for example U.S. Patent Application Serial



Therefore, in the nost preferred enbodi nent of the recovery system the
recovery systemalso includes a purification system For exanple, the |ight
ol efin(s) produced particularly in a MO process are passed through a
purifi cat vom2®yeiess t hat renoves | ow | evel s of by-produets/ seeqopizam nants.
[01711 Non-limting exanples of contam nants and by-products include
general |y pol ar conpounds such as materﬁGaIcohols, carboxylic acids, ethers,
WO 2005/ 019388 PCT/ US2004/ 020770 44 carbon oxi des, sul fur conpounds such as
hydrogen sul fide, carbonyl sulfides and nercaptans, ammoni a and ot her

ni trogen conpoun arsi ne d. chlorides. Oher contam nants or
by- products i gf@é%ﬂérfé?ﬁw%éﬂﬁ%ﬁ@@ &Pﬁéﬁéﬂmg{}gﬂ“m%@ dhvene, net hyl
acetyl ene, prgfgpe hg? but adi ene and butyne. [0172] Typically, in converting
one or nore oxygenates to olefin(s) having 2 or 3 carbon atons, a m nor

anount hydr ogex8opns, pdrolymerizatiby prakedsedifisiude bsiuticg caép@gemneyplarsbon at ons
is al so produced The anpbunt of C4+ hydrocarbons is nornally |ess than 20
wei ght per cedid a%’Prﬁﬁsuﬁe%@“tsﬁeénOrlﬁcwlgﬁtondéﬁl@%tPaﬂf%‘llaﬂ)éRrﬁfﬁﬂeé ¥ ess than

5 wei ght per%g-;ag Eaas@% %hﬁqhﬁ}ﬂa@é ﬁ%n'tnﬁlgéatﬁoﬁ%?oﬁe Y)‘ffﬁlgﬁtolaﬁ{ OFftbea stgr?eaed on the

total weight Iue gas rawn fromthe proce di ng

wat er. Typi calbhicltibettsi@eer phpylope oVREy pﬁk}&ie&ﬁ)aﬁ&ypﬂoﬁ&lsmmlﬁﬂa or nore
reaction systenms for converting the CA+ inpurities to useful products.

[0173] Non- | PAiyMsigGaesmeainles t cgm;uwlwdéaarp@@qors@mr@btﬁatwr@fdb%cr| bed in U.S.

Patent No. 5 Lgony [ uten 1) u. S
Pat ent No. 4@3%’“%% (i cha {asr%g&g% ene Ogg%el go %fegee !99‘ yI ate
gasol i ne), UcSalybatentheieclbr- Q4% @hﬂhp’)sityf;ermaancb&ﬂe Qﬁetﬁﬁcbvéhé/ b?ﬁ%hd S.
Patent Nos. 4,287,369 and 5, 763,678 (carbonyl ati on or hydroformul ati on of

hj gher ol ef iadeangpd RolyRICHE# 108 ol s, apdimENfdich gmreafaki ng car bonyl conpounds),

us. P 4,542 dj S. .P No.
5, 634, Sg'zent g{'\i%fl ;n hydr%ééné%%%%%?&?&e& él%%gtte%ﬁ te[arpgg(%§§zorp}%ﬁsef’r ogteggtfor
Upgr adi ng C3prc@éss fongometr Rl iont or ﬁio&@@lﬁﬁnﬁsﬁ@i[the gre@élﬁb,of Y@blyndfizalih 4

(1995) (dinerizing or oligonerizing propylene utyl ene and pentyl ene),
whi ch” are al Faielysy Systeat &) a0l yeBEAHOR A2astpT sy Dioghes e Mmgre pPlymeThe pref er r ed

light ol efi “ﬂ,&)du&%?\%&%m RY R0¥: 20& & ﬁﬁ(gl)%aer Be&PmEde by converting an

alcohol, 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) is either ethylene or
propylene, and preferably the polymenzation catalyst system is a supported
metallocene catalyst system. In this embodiment, the supported metallocene

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

——

and an activator, preferably the activator is a non-coordinating anion or
alumoxane, or combination thereof, and most preferably the activator is
alumoxane.

[0182] The polymers produced by the polymerization processes described
above include linear low density polyethylene, elastomers, plastomers, high
density polyethylene, low density polyethylene, polypropylene and polypropylene
copolymers. The propylene based polymers produced by the ﬁolymeﬁzation
processes include atactic polypropylene, isotactic polypropylene, syndiotactic

polypropylene, and propylene random, block or impact copolymers.



descri bed above are high purity prinme olefin(s) products that contain a
single <carbon nunber olefin in an anount greater than 80 percent, such as
greater than 90 wei ght percent, such as greater than 95 wei ght percent, for
exanpl e awo mastiosgbout 99 wei ght percent, based on the rot/ab0oeighto of the
olefin. [0175] In one practical enbodi ng t, the process of the invention
forms part of an integrated process for'producing light olefin(s) froma
hydr ocarbon feedstock, preferably a gaseous hydrocarbon feedstock,
particularly nmethane and/or ethane. The first step in the process is

passi ng the eous feedstock, WD 2005/019388 PCT/ US2004/ 020770 45
preferably i onbi nat ifgdmpesief StaringeUp aReacuon Fyst Iy '

to produce a synthesi sagig%é%\éﬂ%ﬁst ream typically crrpri si ng carbon

di oxi de, carbon nonoxi ydrogen. Syngas production is well known, and
typical syngls tenperdxangd hre in the range of from about 700C to about
1200C and syngas pressures are in the range of from about 2 Aga to about

100 MPa. SynPHeldi s gadonaFeBmpte rsErROUIR BT 6ARIMAIS AP ICGRE. SI%EL r ol eum
liquids, and ;,card ﬁl@?ﬁ%ﬁ%&?gﬁ‘ﬁ%%&@&ﬁvaﬁféﬁf&u@% fﬂﬁ%ﬁ vx?éﬁcxéf {-;rerﬂoﬂ%hﬁ% isC:

muni ci pal waste "or any er organic material. Preferably synthesis gas
streamis prattsatddn accoidrace witkFoG, wgudf isnalaw dlaggasof  @idtei The next step
in the process involves, contacting the synthesis gas .streamgenerally with

a het er ogenecU¥ BatH3IBIE arfif al g 2EefperalBdded T&aﬁaw@w amod FiPoduce an
oxygenat € co : ti@'p%ﬂﬁlaﬁ&r.rdﬁ@&%d & § S edn QHP\'/egﬁ’ﬁa% Q%Qreg‘éhét& ¥ &fns, | N ONE

enbodi nent e‘contacting step I's conducte hperature 1h the range of

from about 15NGoiligh iabqiaktichHly ralkdadt PaesSSletn ivhichhigcarpotges afedctoommabout 5
MPa to about 10 MPa. [0177] This ox%/ge,nate contai ning stream or_ crude
t hanol , tygeg@eTajor. dgserlingstotbecrpediment shpvaue FlGnld thegegenssaton Hy

conponent s Syef. 4 lﬁﬁ fglge'cﬁno o ! &Hn_l‘lasf)hg% etg itlﬁéentegé(ﬂereﬁwg)ér ba}és%hﬁilﬂg $he 4} dehydes,

di ssol ved gases suc ydr ogen carbon oxi rogen, and

fuel oil. Theahexyleoahereeentlob thit@igh alcosdui 108; udehsmiraadumer n10,kadpreferred
enbodi nent is passed thr OuﬂQhﬂ a well known purification processes,
di still ati on,nedparegencsronhet vy way pbnsandss, 11gedbe togsneraion 184 piepterled

oxygenate confak il g ,FhaPRB04bES atSHRIPRe rSPITG & Ale 1FAdE S 132%in
be substantially dry.
10184) While the regenerator 104 is being heated, the reactor 102 is also
heated by injecting superheated steam through a conduit 114 and into regenerator
102. The reactor 102 is heated for § hours at 400°F (204°C) at which time
refractory in the reactor 102 will be substantially dry. Afier the reactor 102 has
been heated for a time to substantially dry out the refractory materials, the reactor

{ 102 is heated to a reactor temperature of about 800°F (427°C) by injecting

superheated steam through the condwit 114.
[0185] While the reactor 102 1s heated, and after the regenerator 104 has
been heated for a time to substantially dry out the refractory materials, the
temperature of the heated air into the regenerator 104 is increased to reach a
regenerator bed temperature of about 800°F (427°C). Once this bed temperature is
reached, catalyst is added to the regenerator 104 by a conventional hopper and
conduit system through an upper portion of the regenerator 104 (conventional
hopper and conduit system not shown).
[0186] After sufficient catalyst is loaded into the regenerator 104 to form a
bed, the bed is further heated by injecting a hydrocarbon oil into the bed through a



AA net hanol . [0178] The oxygenate containing streamor purified oxygenate
containing stream optionally with one or nore diluents, can then be used
as a feedstock in a process to produce light olefin(s), such as ethyl ene
and/ or praydoedeosdon- limting exanples of this integrapefyRieessare
described in EP-B-O 933 345, which is herein fully incorporated by
reference. [0179] In another nore fully48ntegrated process, that optionally
is conbined with the integrated processes described above, the ol efin(s)
produced are directed to, in one enbodi ment, one or nore polynerization
processes for producing various polyolefins. (See for exanple U S. Patent
Appl i cati on $endwat 1MD PEOBI0M1T I SuFCRNISIO0HY @ROTFOthe 48, KerebeGurdks, 3 76
filed July 13, 2000, which is ereir Lully i ncorporated by reference.)
[0180] Pol ynehSrsasmSiamBrigins 8EhecaBl e sol ution, gas phase, slurry phase
and a hi gh pr[mi;gre Pr Q682 3G ed RmnRMRIURRLF Qa1 0168 Rl inRAET cul arly
preferred is  a gas phase or a slurry phase pol ynherization of one or nore
ol efin(s) at rteastat@rid4 anf hediedtv heswenhapben®000F (42760ydrehabouT S

pol yneri zation, processes utilijze a  polynerization catal yst that .can include
any one or a(@%ﬁ%ﬁ?sﬁ]é\? PRy Plﬁ‘éﬁatﬁ‘_%ﬁoetgﬁ C&Fto§i1§i/3“‘8‘é% 49%‘%@‘#&1@&995% above.
However, the bBEl?EranlrtﬁQ rdQlof 185 Hﬁﬁﬁ 1 condftt ‘i'zbiskglif%% 406 aZhi® H% fifg Nat ta,

met a ddvanced po

Phillips-type, ocene, netallbcene-type an yneri zation
cat al ysts, angeakedthroesh thheowbiit 12004 8it inlcircalapoef Addiednarcbatiistwithsn t he
i ntegrated prqocess conprises a praocess for polymerizing one, orﬁganée

ol efin(s) i n il oriBsEseeRTaIOr ip GEMRIRe ieaalym loatiega) e catynst isad .
pol yreri zat i %r}m;egg%%tﬁﬁlqhgg)g@ﬁggo%%g%t S@jgsfeg@g& mer products, wherein the

ﬁge or nore oleftin ave been mm y converting an alcohol, particularly
t hanol , usijoss} nol edde@rthsSteastoncgt@nyis suffioivpds ihkated, iagctichasairn ibmd above.
The preferred polymerization process is a gas phase pol.ynerization process
and at | east Um@ager { Pelssioppessq it stears P HBpT IAPROATEIREHS W5dddy| ene, and

A R g R vl
syst em conpr iapp®paaeupgy ¢f oxagereframlreatnd 00 hykbadrbacknoe istiyjeeted onpound
through the conduit 114 to contact the circulating hot catalyst, and the reaction
process begins. Reaction product is separated from the circulating catalyst by way
of cyclone separators 122, with the reaction product exiting the reactor 102
through a conduit 124. A portion of the catalyst is removed from reactor 102 by
way of the conduit 120 and sent to the regenerator 104 for regeneration.

Combustion products are removed from the regenerator 104 by way of a conduit

126.
i B. Example 2
| [0189] Another example of starting up a reaction system containing

molecular sieve catalyst that is susceptible to deactivation due to contact with
water molecules is described in accordance with FI1G. 2, which is a flow diagram
of a reaction system as shown in FIG. 1. According to FIG. 2, the heat up
procedure is the same as that in Example 1, except that relatively dry gas is used
to heat reactor 202 rather than steam. According to FIG. 2, a portion the air sent
through air compressor 206 is sent through a conduit 228 to dry out heater 230 to
heat the air to the appropriate temperatures as stated in Example 1. As aresult of
Increasing the temperature of the air, the air is at a low relative water pressure, and
is considered substantially dry. This dry air is sent to the reactor 202 by way of

conduits 232 and 234, and the start up procedure of Example 1 is followed.



and an activator, preferably the activator is a non-coordinating ani on or
al unoxane, or conbination thereof, and nost preferably the activator is

al unoxane. [0182] The pol ynmers produced by the polynerization processes
descri bedwoabenoasisacl ude |inear | ow density pol yet hyl en@CTAISZEHIAETY

pl astoners, high density polyethylene,ﬁQOM/density pol yet hyl ene,

pol ypropyl ene and pol ypropyl ene copol yfirers. The propyl ene based pol yners
produced by the polynerization processes include atactic pol ypropyl ene,

i sotactic pol ypropyl ene, syndiotactic polypropyl ene, and propyl ene random
bl ock or inpggt copol yners. 2005/ 019388 PCT/ US2004/ 020770 47 VI.
Exanpl es of Starting Uggégﬁkggtion System Having a Reactor Unit and
Regenerator Uyjdo) A ExaRlfr &xdrdi8 3l si@sepanBi@ionlsysbmicbhfidp a system
contai ni ng nol ecul ar sieve catalyst that is susceptible to deactivation due
to contact wndieondersicvaohtelysal that is suscefgihde foblsdctivatiae due Wwavstachwvith FI G 1,

which is a flow di agram.of, a feaction,. syst. Qnt ai ni.nga _react or 102 and
a regeneratorwai?ﬁ‘.“igﬂﬂesfllsgﬁcﬂf’ Weﬁ???fflmﬁye@.”ﬁ‘nﬂilqc‘é"\ﬁg]r il_ﬁgpﬁﬁfﬁ"“%ﬂlect ed to a
system for CQRYeL{ifgs X808 h¥1Q! Bf ABSurdinghd PREGN thetheabupar ticul arly

rel evant to any system which incorporates a reactor and regenerator.

Accor di ng t o prdredewmboticrent asthetun ExanfplG?, ekpertt it pegeigey fitmrandhdr i s heat ed
by injecting hot air. Air is input to the regenerator, 104 by sending the air
through a coﬁBW@%?o‘Fntlt@@,SePﬂP@&ngéesﬁ%ﬁggi lfe%%ﬁé’,emtg&leﬁte éad é%‘tf)‘? a burner

110, and intQ, he it RY st¥aY¥in Sfoctd e RdMbibink heegener at or
104 i s heat eg&c¥d§?08 %‘gﬁéézﬁ%%%sg&ét(z%4c¥pgto m@g% tilrren%rgﬂgct%ry in the

regener at or 1isamields in Bgamplest antial ly dry. [0184] Wiile the regenerator 104
i s being heated, the reiia,ct Of %02 is also heated by injecting superheated
sf eam t hr ough®a condui & d into regenerator 102. The reactor 102 is

heated for 8 s at e pts ioh idife t he react or
[@@33 %ﬁ%ﬁ 59&1’%16 BF stwiing p alefouolggitaﬁtceﬁammﬁg

102 will be su antially ) ter the reactor has been heated for a
time to subsmarieduddrisieve cytatysat thathie suseéptindt ordeactatadon dlis o donect wetht or 102 i s

heated to a rwea?éi'tn%leéu?t%g Elgstcyl{)gd i?lfacgc?r glgce%vq FFI%%?@mc%%s ia?f-é\?vc i!igr} 1]
of a reaction system as shown in FIG. 1. According to FIG. 4, the heat up
procedure is the same as that in Example 1, except that gas (e.g., air) is used to
heaf up reactor 402 rather than steam. The gas is sent to a product recovery unit
440 of the reaction system, heated and sent to reactor 402. The product recovery

\ system includes cooler or steam generator 442, collection or quench vessel 444,
and compressor 446, According to FIG. 4, the gas is sent to the compressor 446
passed through a conduit 448, and sent to the steam generator 442. In a reaction

operation such as a catalytic cracking system or an oxygenate to olefins system,

e

the steam generator 442 would typically be used to cool product from the reactor
402, and to produce steam.

[0192] As shown in FIG. 4, the steam generator 442 is also arranged so
that at start up the gas passing through the steam generator 442 is heated indirectly
using the steam as a heating medium. The heated gas then passes to the reactor
402 in similar manner as that shown in FIG. 2 and FIG. 3. An advantage of the
arrangement in FIG. 4 is that the gas can be circulated in a relatively dry form
through the reaction system, without having to use an additional dry out heater to
heat the gas.

[0193] Having now fully described this invention, it will be appreciated by

those skilled in the art that the invention can be performed within a wide range of



super heated steam through the conduit 114. [0185] While the reactor 102 is
heat ed, and after the regenerator 104 has been heated for a tine to
substiantially dry out the refractory materials, the tenperature of the

heat ed aiyWohhjspi14Re regenerator 104 is increased to reagrraus0egeoenat or bed
tenperature of about 800F (427C). Once this bed tenperature is reached,
catal yst is added to the regenerator 1040by a conventional hopper and
conduit system through an upper portion of the regenerator 104 (conventi onal
hopper and conduit system not shown). [0186] After sufficient catalyst is

| oaded into the regenerator 104 to forma _bed, the bed is further heated by
inj ecting a ByAMGEEY Wolinoyhatiih¢laimade Whideutdspetign Sonvibezpul cpd sgws of
PCT/U82004/0%9%£9 té% conduit 116. The bed will be sufficiently hot to
conmbust the ofi, ?heréby further increasing tenperature of the catalyst.
[0187] Once a predeterm ned anount of catalyst is input into the

regenerator 104 and heated to between about 800F (427C) and about 1200F
(649C), the catalyst is circulated to the reactor 102 through a conduit 118,
and back fromthe reactor 102 through a conduit 120. A lift gas such as air
is also injected through the conduit 120 to aid in circulation. Additional
catalyst is then added to the regenerator to conplete the catal yst | oading.
The catalyst is added at a rate to mamintain the system above about 800F
(427C). [0188] Once the reaction systemis sufficiently heated, injection of
air into the reactor 102 is stopped so that steam or other appropriate gas
is used to sufficiently purge the reactor 102 of oxygen prior to injection
of feed. After appropriate purge of oxygen fromreactor 102, hydrocarbon
feed is injected through the conduit 114 to contact the circulating hot
cétalyst, and the reaction process begins. Reaction product is separated
fromthe circulating catalyst by way of cyclone separators 122, with the
reaction product exiting the reactor 102 through a conduit 124. A portion
of the catalyst is renoved fromreactor 102 by way of the conduit 120 and
sent to the regenerator 104 for regeneration. Conbustion products are
renmoved fromthe regenerator 104 by way of a conduit 126.



B. Exanple 2 [0189] Another exanple of starting up a reaction system
containing nolecular sieve catalyst that is susceptible to deactivation due
to contact with water nolecules is described in accordance with FIG 2,
which is a flow diagram of a reaction systemas shown in FIG 1. According
to FIG 2, the heat up procedure is the sane as that in Exanple 1, except
that relatively dry gas is used to hedt reactor 202 rather than steam
According to FIG 2, a portion the air sent through air conpressor 206 is
sent through a conduit 228 to dry out heater 230 to heat the air to the
appropriadﬁl&lﬁleratures as stated in Exanple 1. As a result of increasing
the tenperature of the air, the air is at a low relative water pressure, and
is considered substantially dry. This dry air is sent to the reactor 202 by
way of condui Apradzs eschr@dup andctidmsysit@r the ppocpssavathisingolic f@mpl e 1 i s

fol |l owed. WO 2005/ 019388 PCT/ US2004/ 020770 49 C. Exanple 3 [0190] Anot her
exanpl e of stabki PEFUOELICRLAPPITOR & PSIBARIERREE ™ ng  nol ecul ar si eve

catal yst that j 2 i j i contact with water

nol ecules is d!é):c[r%:d lggg}chagg%g}%ﬁﬁiﬁ)g{ {D/\n&%‘sg{lgé(éldge}t&%i ch is a flow diagram

of a reaction mystleahuasiophephati mokic@ar Scvedotor Heategd potieh & th8reactien heat up
procedure is the, sa as that, jn Ex le 2, except that air.or, gas from
anot her sourc@’sfe?’gvg'ﬁ'fe"’t eaatgbﬁgpgﬁg%tgﬁ%rgg%lgp SEAE 1%‘8?‘8@%}“"8@? fig heated
and sent to r @ét%i@&i?eata’i*tlc Rty indSPRENShekicl b S iR RS baddBnRIQEGRIUr €
pertaining to FIG 3 are the sanme as in Exanple 2. D. Exanple 4 [0191]

Anot her exanpl eithfhesat xticrigtivipy mdeebaing éningg 8t em contai ning nol ecul ar si eve
catal yst that is susceptible,.to_deagtivatjon due to ntact with water

mol ecul es is described in acgé‘?c_iaeﬁl?@m*wpl?—'f‘ﬂ lii‘,lptl‘\%kictgh is a flow di agram

of a reaction gystem as shown in FIG 1. According to FIG 4, the heat up
procedure is the sane as that in Exanple 1, except that gas (e.g., air) is
used to heat Uptimeatroradopcatalysierith Water Gpwam The gas is sent to a product
recovery unit ngtgm gra{upee trcg%%ti( system heated and sent to reactor 402.
The product recover§ sys?emlncl des cool er or steam generator 442,

col l ection or pRigRGhPatasIFREssdhl water in contact gas (psia)

alpha =-0.071

n=3.5

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

ea=-5500°K

T, =200°C

S(PPuater) = (26.2 % PPoater/Psar + 1.14) * 0.175, for T 2 180°C (453°K)
S(PPyater) = (26.2 + 0.272 * (180 — T)) * PPyater/Psar + 1.14) % 0175,

for 180°C (453°K) > T 2 150°C (433°K)

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

¢) heating the catalyst loaded into the reaction system; and

d) contacting the heated catalyst with feed in the reaction system.

2. The process of claim 1, 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.

3. The process of claim 1, wherein the reaction system further comprises a reactor

and regenerator.



and conpressor 446. According to FIG 4, the gas is sent to the conpressor
446 passed through a conduit 448, and sent to the steam generator 442. In a
reaction operation such as a catalytic cracking systemor an oxygenate to
ol efins system the steam generator 442 would typically be used to cool
product fromthe reactor 402, and to produce steam [0192] As shown in FIG
4, the steam generator 442 is also arrsgnged so that at start up the gas
passi ng through the steam generator 442 is heated indirectly using the
steam as a heating nedium The heated gas then passes to the reactor 402 in
si m | ar ménner Thgptiohess of blaiam 3§ whdetiGthecatahgbt 5llGaded intAthcadgantatgyefuothett he
arrangenent in FIG 4 is that .th s.can be circulated in. el atively dry
For m ot nr St o eatheb e A8 et D D R M oh Y B Gnk AR 4@ T onad iy
out heater to heat the gas. [0193] Having now fully described this
inventions. it WhtprobesapplaieBabkgeinyhe felasds a kbl Waltlor dbid Wall agattot hat t he

i nvention can be performed within a wi de range of WD 2005/019388

PCT/ US2004/02 Q 7 70 5? par anmet ers mﬁthiH what is claimed, wthout

depar t i ng®f r om! PHBIOSE Of £laim  whespia thiyheater @ortiopei thegiraction sytemaing: 1 A

g][ ocess Ofypilhdhd hdi@atdld nfdrdl REGH R%%a%ﬁtaé%olé&?ar RIe9E F38adel @lﬁég?édlrig at he steps

a) heating at |east a porti the reaction system b) loading a

cat al yst , taniperatat aff ysleast dFEi wiontp @attlysy &tadig. met al | oal umi nophosphat e
nol ecul ar sieve, into a heated portion of the reaction system wherein the

catalyst Loaded, | of0.LIg 506100 YR EMEh So AN AIIEE: B Beepiaget erni ned
catal ytic 'activi 9|n eXx e e sleve | In the reaction system wth

the cat al yhidh tR€4dtivhiey modRdiubehdpbiosihbicnase@sar GRVe 5 16aded /i Adated td aPPwat er) *
alpha * t) whereint =1tinme of contact of catalyst with water (hours) T =
t enper at utanRsrategof aldeast Y0°Pmpier & catalyshlaadie. pressure of water in contact

gas (psia)
8. The process of claim 7, wherein the heated portion of the reaction system into

which the activated metalloaluminophosphate molecular sieve is loaded is heated to a

temperature of at least 300°C prior to catalyst loading.

0. The process of claim 8, wherein the heated portion of the reaction system into
which the activated metalloaluminophosphate molecular sieve is loaded is heated to a

temperature of at least water critical temperature prior to catalyst loading.

10.  The process of claim I, wherein the predetermined catalytic activity index is at

least 0.7.

11.  The process of claim 10, wherein the predetermined catalytic activity index is at

least 0.8.

12. The process of claim 11, wherein the predetermined catalytic activity index is at

least 0.9.

13.  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,



alpha = -0.071 n = 3.5 J(T) = exp(ea(l/(T + 273) -1/(T+ 273))) ea - -5500K
T. = 200C J(PPwater) _ (26.2 * PPwater/Psat+ 1.14) * 0.175, for T ? 180C
(453K) f(PPwater) _ ((26.2 + 0.272 * (180 - T)) * PPwater/Plat + 1.14)
0.175, for 180C (453K) > T ? 150C (433K) Psat = Saturation pressure of water
at T (psia); c) heating the catalyst |oaded into the reaction system and d)
contacting the heated catalyst with fé&d in the reaction system 2. The
process of claim1, wherein the reaction systemis a dense bed reaction
system fixed bed reaction system fluidized bed reaction system fast

f1 ui di zedAl?éml,rPéB@ﬁ%Al%Qs?@eﬁiP(}ﬁ? AP metdl gortpined egeulagierton syst em

riser The process of claim1, wherein the reaction
systemfu{h?%g’gé%%yﬁ&rgg.{shegeo;eactor and regenerator. 52 4. The process of

claim3, wherein the catalyst is |loaded into the regenerator, further

heat ed i ni4 he Tlegeoesadiolaimandvierdic the dtcdctotnpritdsexyganatesr prior to contacting
with feed. 5. The process of claim3, wherein the reactor is a hot wall or
cold wall Jeacfor ess n the heated portion of

. f
the reactldn s pé?ﬁerg%? a'Wn{ efaﬁ'eﬁ‘ﬁccf"iaGé{?BWGHéWQIth%'&FﬂW%ﬁﬂBéi)hate

ol ecul ar he%te%\f@a'te?nﬂe@ﬁﬁir‘%dhdﬁs feakerbobo h?g]herttﬁam%a{ fHseloffleddhtd g@st 150C pri or
to catalyst loading. 7. The process of claim®6, wherein the heated portion

of the re@@‘ttloﬂﬁygwﬂ eminto which the activated netall oal um nophosphate
nol ecul ar si eve |s | oaded is heated to a tenperature of at |east 200C prior

to catalypt | es?ofc %191 P et h% at%leéfl (Bhded X\f*&]‘?l‘le.{ Pct s &ﬁtfd portion

of the reacti on em in et al foal um nophosphat e
nmol ecul arh@ted\t&altc&nﬂewﬁiedyﬂaslemaom.to a tenperature of at |east 300C prior
to catal yst Ioadi ng. 9. The process of claim@8, wherein the heated portion

of the reactiao stem | ich the a d net al | oal um nophosphat e
mol ecul ar?il ev 0‘?‘35%1 a'f"s \Igtg‘ifeé‘athFGaté Srtl%%g AP HRreRFIORSYTIERdY wat er

critical ﬁe%faa%ry%wbﬁstmgir@aracerbeﬁbmny&]te réRagH §8tem.

18.  The process of claim 1, wherein the reaction system is selected from the group
consisting of converting aromatics to higher aromatics, systems for converting

oxygenates to olefins and systems for converting oxygenates to aromatics.

19.  The process of claim 1, wherein the activated metalloaluminophosphate molecular

sieve is a silicoaluminophosphate having a Si/Al ratio of not greater than 0.5.

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

molecular sieve is a silicoaluminophosphate having a Si/Al ratio of not greater than 0.3.

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

molecular sieve is a silicoaluminophosphate having a Si/Al ratio of not greater than 0.2.

22.  The process of claim 21, wherein the activated metalloaluminophosphate

molecular sieve is a silicoaluminophosphate having a Si/Al ratio of not greater than 0.15.

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

molecular sieve is a silicoaluminophosphate having a Si/Al ratio of not greater than 0.1.

24, A process of starting up a reactor system having a reactor and regenerator, the

process comprising the steps of:



10. The process of claim1, wherein the predeterm ned catalytic activity
index is at least 0.7. | t . The process of claim 10, wherein the
predeterm ned catalytic activity index is at |least 0.8. 12. The process of
claim1l, wherein the predeterm ned catalytic activity index is at |east
0.9. 13. The process of claim1l, wherein the netall oal um nophosphate

nol ecul ar sieve is selected fromthesgroup 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,

Al PO 5, Al PO 1), WhtQy 8 reds®r and R@edtatordl PO 34, Al PO- 36, Al PO 37, Al PO 46,
met al contai ni.ng nol.ecul ar sieves thereof, and m xtures thereof. 14. The
process of cl al?r}m lpa i%‘éfftglp”ﬁ’ Wﬁéatfi]é{é‘cw&m?ﬁ‘lngégévafﬁgﬁ@%\ﬁé‘fa@wm?ﬁﬁosw process
of claim1, whgsehatd&cCidtcrthy StadDRE86k dréRnbfrNeRGEh M GY3yem is heated
to a tenperature that is at |east 100C hi gher than when first | oaded into
the reaction leydedanto thereacripn spstem eswainfaingdal apredetgtieined patalidc activily yst

| oaded into the, reacti t IS Q.. e e.of at | east
s00C 17 The TRORTEY BF SN E Al B EFRER® Kifig o Che
reaction syst essiigsdefiniegdbed by conbusting hydrocarbon oil in the reaction
system 18. The process of claim1l, wherein the reaction systemis selected
fromthe group consisting ofAbosVRALD) fidPRronat P82t d) hi gher aromati cs,
systens for CO\K:We?EiEi ng oxygenates to olefins and systens for converting
oxygenates to arofmtics. 19. The process of claim1l1l, wherein the activated
met al | oal um nophisp batatambeeatdlan widivese (hsurs) sil i coal um nophosphat e havi ng
a Si/Al ratio of not greater than 0.5. 20. The process of claim19, wherein
the activated hetdnPEAIEHAt (OPAISEHate nol ecul ar sieve is a

si | 1 coal um nophosphag.e:: | ' ' frndlot greater than 0.3. 21.
The process o%ﬂtgih?a%%ﬁ)\\;\%gggi%g%a{?@lna{:@%a\sg%agép%t al | oal um nophosphat e

nmol ecul ar si evaphas= d).&1ll i coal um nophosphate having a Si/A ratio of not
greater than 0.2., . 22. The process of claim 21, wherein the activated

met al | oal um no'bﬁgéphat e nolecular sieve is a silicoal um nophosphate havi ng

a Si/A ratio pof)netpe et en7sham(0,-4273))
ea = -5500°K
T, =200°C
SPPyater) = (26.2 * PPyyer/Pear + 1.14) * 0.175, for T = 180°C (453°K)
A PPuater) = ((26.2 + 0.272 # (180 — T)} * PPyyier/Psar + 1.14) * 0.175,
for 180°C (453°K) > T 2 150°C (433°K)
P, = Saturation pressure of water at T (psia);
c) heating the catalyst loaded into the reactor or regenerator; and

d) contacting the heated catalyst with feed in the heated reactor.

25.  The process of claim 24, wherein the catalyst is loaded into the regenerator,
further heated in the regenerator, and circulated to the reactor prior to contacting with

feed.
26. The process of claim 25, wherein the reactor is a hot wall or cold wall reactor.

27.  The process of claim 24, wherein the reactor or regenerator into which the
activated metalloaluminophosphate molecular sieve is loaded is heated to a temperature

of at least 150°C prior to catalyst loading.



23. The process of claim?22, wherein the activated netall oal um nophosphate
nol ecul ar sieve is a silicoalum nophosphate having a Si/A ratio of not
greater than 0.1. 24. A process of starting up a reactor system having a
reactor and regenerator, the process conprising the steps of: 54 a)
heating the reactor and regenerator; b) |oading catalyst, the catal yst
conprising activated netall oal um nophé§phate nol ecul ar sieve, into the

heat ed reactor or regenerator, wherein the catalyst |oaded into the
reaction stemis nmaintained at a predeterm ned catalytic activity index
whil e the2f§| evEe pogess @fiféalme%whéwrstygf@ﬁsorwIteaelterﬁorcxatoavlwh theact i vi ty i ndex

bei ng def t =tinme

of cont ac%crelg% ﬁ}ﬁftbalg mﬂ@ Bs\(ﬁg te moﬂ% rste) %Qf‘load%hpsh%ate uraetea %E:aglﬁrtg act (C)

Pvaat er :oﬁéaidastéaoommsmoeatalfysmcbngl n contact gas (psia) alpha - -0.071 n
3.5 J(T) = exp(ea(l/(T + 273) - 1/(T + 273))) ea = -5500K T = 200C

J( PPwat er gfv@a} ﬁ:’ for T > hl%oc (453K)
J(PP\/vater% _ ( é’f%ceis 2' E?”” er)"‘iacmr%‘fr&F9t?f|‘aft°V¥h‘i %) * 0.175, for
180C (4534tivated m’étanémmmﬁﬁ!ﬁphﬁi%asolecuﬁatsiéo@tsu@aaemsq&@téﬂeo flenRtfbreat T
(psia); c) heati n8 the catal yst | oaded into the reactor or regenerator; and

d) cont acefianérasti@Ventierdo catnbptiording th feed in the heated reactor. 25. The
process of claim24, wherein the catalyst is |oaded into the regenerator,

further heate He’]%rEé%gs_ 612%59%92%@1&@%% Ho?ﬁ L%g]&%gzﬁé?wh{b%ﬁ?ﬁ Lor prior to

contacting wt process o erein e reactor is a
hot wal | m:ltlvﬁledl thevaibhluméaphosphate olectie sipr o dsmlcofs lehatd mo 24mpstuirei n t he

react or ?generator into which the
of at [east water critical temperature prior to catalyst loading.

31.  The process of claim 24, wherein the predetermined catalytic activity index is at

least 0.7.

32.  The process of claim 31, wherein the predetermined catalytic activity index is at

least 0.8,

33.  The process of claim 32, wherein the predetermined catalytic activity index is at

least 0.9.

34.  The process of claim 24, 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-33, 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.
35.  The process of claim 24, wherein the feed comprises oxygenates.

36.  The process of claim 24, wherein the catalyst loaded into the reactor or
regenerator is heated to a temperature that is at least 100°C higher than when first loaded

into the reaction system.



activated netall oal um nophosphate nol ecul ar sieve is |loaded is heated to a
tenperature of at |east 150C prior to catalyst |loading. 55 28. The process
of claim 27, wherein the reactor or regenerator into which the activated
met al | oal um nophosphate nol ecul ar sieve is |oaded is heated to a tenperature
of at least 200C prior to catal yst |oading. 29. The process of claim 28,
wherein the reactor or regenerator intté which the activated

net al | oal um nophosphate nol ecul ar sieve is |oaded is heated to a tenperature
of at least 300C prior to catal yst |oading. 30. The process of claim 29,

wherein the re“ét@tmqbce@wfrcé@éh%r stheteir] thﬁéatwmtdhadeﬁ@méitetwa@red
nmet al | oal I;én&{}o{{g ?H@a@%d&to lrﬁéé’rlaf'ﬁ;e (?fla?Ye%st 4%04@aded is heated to a tenperature

of at |eaSf CFitica ure prior to catalyst |oading. 31. The
process of claim 24, wherein the predeterm ned catalytic activity index is
at | east38. 7. Tierockheofriaioess whitreal ti nat3lyst lodded @itn theheagoratet er mi ned
catal ytic achthlndx i s at e rocess of claim 32,

Wher el n ¢ FaSsTLeidY BT B a8 T SEaRiD o e T e Pas: 0. 0. 34, The

process of claim 24, wherein the netall oal um nophosphat e nol ecul ar sieve is

sel ected 1g,0M TiReBEQUST IARSIES tHBEDhe SABRIDsysSARDs@ect 8RN e rOAPO- 16,
SAPO 17, SAPG 18, SAPO 20, SAPO 31, SAPO 34, SAPO-35. SAPO- 36, SAPO- 37,

SAPO- 40, capaRMmal cow@agomnmomghempmams; sgmn@fsecowms Al PO- 11,

ALPO 18, ALBOGL, oAIEO i, APQ 38y AUFD ST ALPO Ayetal contai ni ng

mol ecul ar “SEEVES Fures € process of claim
24, wherein the feed conprises oxygenates. 36. The process of claim 24,
wherein té#e cétladystest otxdaich 20 wdieteirethe ecidtaed nodtallcabgeneplabgratd s heated to a

tenperature, t s .at |east 100C hi r.tha enf rst loaded into the
Fenet! on Glsedf sieg SasiiCRumippRaE vt Ao ALt St RO A bl yot
| oaded into the reactor or regenerator is heated to a tenperature of at

I ﬁast 4008}, 38Thelf6cdls OL@sif A, whitidthe 4ctivab@m@itilidalifnigaitakpite | 0aded into
the reactor or
melecular sieve is a silicoaluminophosphate having a Si/Al ratio of not greater than 0.3.

42,  The process of claim 41, wherein the activated metalloaluminophosphate

molecular sieve is a silicoaluminophosphate having a St/Al ratio of not greater than 0.2.

43, The process of claim 42, wherein the activated metalloaluminophosphate

molecular sieve is a silicoaluminophosphate having a Si/Al ratio of not greater than 0.15.

44.  The process of claim 43, wherein the activated metalloaluminophosphate

molecular sieve is a silicoaluminophosphate having a Si/Al ratio of not greater than 0.1.

45. A process of starting up a fluidized bed reactor system having a reactor in
connection with a regenerator, the process comprising the steps of:
a) heating the reactor and regenerator;
b) loading catalyst, the catalyst comprising activated metalloaluminophosphate
molecular sieve, into the heated regenerator, wherein the catalyst loaded into the
reaction system is maintained at a predetermined catalytic activity index while the
sieve is in the reaction system, with the catalytic activity index being defined as
CAl=exp(AiT) * APPuer)" * alpha * t)

wherein



regenerator is heated by conbusting hydrocarbon oil in the reactor or
regenerator. 39. The process of claim 24, wherein the reaction systemis
selected fromthe group consisting of converting aromatics to higher
aromatics, systens for converting oxygenates to olefins and systens for
converting oxygenates to aromatics. 40. The process of claim 24, wherein the
activated netal |l oal um nophosphate nol58cul ar sieve is a

si |l i coal um nophosphate having a Si/Al ratio of not greater than 0.5. 41.
The process of claim40, wherein the activated netall oal um nophosphate

mol ecul ar si evie™ time af sontact ohtalghy A opthosperdheurilavi ng a Si/ Al ratio of not
greater than OTS—*'tem4§ tu;léhaﬁ Cﬁﬁtg&%scs) of claim4l, wherein the activated

nmet al | oal um nophosp%a?e nol ecul*ar’ sieve is a silicoal um nophosphat e havi ng
a Si/A ratio pH,,n6tPgrigd@resureinvatdr th conthdt paklipsipr ocess of claim 42, wherein
the activated tal | oal um nophosphate nol ecular sieve is a

silicoal um nop"qE T}Sﬁ-@ﬂhavi ng a Si/Al ratio of not greater than 0.15. 44.
The process of,,cliagd m 43, wherein the activated netall oal um nophosphate

nol ecul ar sieve is a silicoal um nophosphate having a Si/A ratio of not
greater than QfT).=exfea(N(pPrraddss 14T. s2AN)i ng up a flui dized bed reactor
system having a r 6 in connection with a regenerator, the process
conpri si ng theeas_t'§§§ 08{: a) heating the reactor and regenerator; b) | oading
catal yst, the tatahyst conprising activated netalloal um nophosphate

nol ecul ar sieve, into the heated regenerator, wherein the catal yst | oaded
into the reackPRuesys2eintiPOunmPatial néd @i72 prethefler BBed4THKal ytic

activity index ile t Sj is in_the reaction S with the
catal ytic act iﬁ(«ﬁ!\? ter) ﬁ(ﬂl&g'zb‘éb%fﬁéfq%_e@%éﬁbpw sai=" é%%{T Eﬁ * fPPwa,e,) *
al pha * t) V\I{‘IEfO?ilgboé%4sjoK?>t’li'qugl% @ggbkgct of catalyst with water (hours) T
= tenperature at contact (C) PPwater = Partial Pressure of water in contact
gas (psia) alpha SsturBtididressure & viated @T) (psi@xp(ea(l /(T + 273) - 1 /(T+
273))) ea = -%SOOK.T = 200? .

c) heating the catalyst loaded into the regenerator;

d) circulating the heated catalyst between the regenerator and reactor; and

g) contacting the heated catalyst with feed in the heated reactor.
46. The process of claim 45, wherein the reactor is a hot wall or cold wall reactor.

47. The process of claim 45, wherein the regenerator into which the activated
metalloaluminophosphate molecular sieve is loaded is heated to a temperature of at least

150°C prior to catalyst loading.

48.  The process of claim 47, wherein the regenerator into which the activated
metalloaluminophosphate molecular sieve is loaded is heated to a temperature of at least

200°C prior to catalyst loading.

49,  The process of claim 48, wherein the regenerator into which the activated
metalloaluminophosphate molecular sieve is loaded is heated to a temperature of at least

300°C prior to catalyst loading.

50.  The process of claim 49, wherein the regenerator into which the activated
metalloaluminophosphate molecular sieve is loaded is heated to a temperature of at least

water critical temperature prior to catalyst loading.



,/(Mater) = (26.2 * PPwater/Plat + 1.14) * 0.175, for T >- 180C (453K)
f(PPwater) = ((26.2 + 0.272 * (180 - T)) * PPwater/Plat + 1.14) * 0.175, for
180C (453K) > T ? 150C (433K) Psat = Saturation pressure of water at T
(psia); c) heating the catal yst |oaded into the regenerator; d) circul ating
t he heated catal yst between the regenerator and reactor; and e) contacting
the heated catalyst with feed in the h#ated reactor. 46. The process of
claim45, wherein the reactor is a hot wall or cold wall reactor. 47. The
process of claim45, wherein the regenerator into which the activated

net al | oal §hi nopheoBiskessef gigire 44 valeraip theepredetarpined gafabytis @i indexds flenper at ur e
of at |ea§éast01;>oc prior to catal yst | oading. 48. The process of claimA47,
wherein the reégenerator into which the activated netall oalum nophosphate
nol ecul ar sieve is loaded is heated to a tenperature of at |east 200C prior
to catal y$2. | odte pgces4 @f clihne 5 proless thefpredesdrmingd catahytic @ctivityhiedexeigener at or

i nto whi crl1 t activated netall oal um nophosphate nol ecul ar sieve is | oaded
is heated!$5' %8t emperature of at |east 300C prior to catalyst |oading. 50.
The process of claim49, wherein the regenerator into which the activated
net al | oal ¥l nophepRbakef BRIE 6D Whersih @epredtdrRadaaiabrio@atiad h@exdshenperat ure
of at least water critical tenperature prior to catalyst | oading. 58 51.
The procedeasigt9cl ai m 45, wherein the predeternined catalytic activity index
is at least 0.7. 52. The process of claimb51, wherein the predeterm ned

catal ytic sacti ‘fh&e ?roicggi%*cfaﬁn a5 wllle?é}ﬁttheqnéallo%ﬁ;miggéqqggl%geteﬁ%‘d?&1aF§i%Ue 52,

wherein the pre ermned catalytic activity In east 54. The
process ofscledted from3he gvoap ednsisting ofipd BOH S0 SARO- G- p haBR APOdbeBAPQrl7si eve i s

sel ected fr i,St f , P o OAPO- 16,
SAPO- 17, Sé%%@%”‘%%&%éipgg‘i%%ﬁg Séﬁﬁ%@%%ﬁ\g@%@@ PO- 37,
SAPO- 40, sy A kA FBARE- SR 0-FAROL Bd-4 738K 46, ABRRS: RE0-A ROPD- 1 ALPO- 11,
AlPO- 18, AIPO3 1, AIPO 34, Al PO 36, A PO 37, AIPO 46, nmetal containing
nol ecul ar AdP@vidsAIPO-34, AIPO-36, AIPO-37, AIPO-46, metal containing molecular sieves

thereof, and mixtures thereof.
55.  The process of claim 45, wherein the feed comprises oxygenates.

56.  The process of claim 45, wherein the catalyst loaded into the regenerator is heated

to a temperature that is at least 100°C higher than when first loaded into the regenerator.

57.  The process of claim 45, wherein the catalyst loaded into the regenerator is heated

to a temperature of at least 400°C.

58.  The process of claim 45, wherein the catalyst loaded into the regenerator is heated

by combusting hydrocarbon oil in the regenerator.

59.  The process of claim 45, wherein the reaction system is selected from the group
consisting of systems for converting oxygenates to olefins and systems for converting

oxygenates to aromatics,

60.  The process of claim 45, wherein the heated catalyst is circulated to the

regenerator using a lift gas.



thereof, and m xtures thereof. 55. The process of claim45, wherein the feed
conpri ses oxygenates. 56. The process of claim45, wherein the catal yst

| oaded into the regenerator is heated to a tenperature that is at |east
100C hi gher than when first | oaded into the regenerator. 57. The process of
claim45, wherein the catalyst | oaded into the regenerator is heated to a
tenperature of at |east 400C. 58. The5process of claim45, wherein the

catal yst | oaded into the regenerator is heated by conbusting hydrocarbon
oil in the regenerator. 59. The process of claim45, wherein the reaction
systemi sﬁls,el eBheemoequmf ¢len ¢ff. ohereircibaiftszap Wgsebf:teéf@nem gfaip copnstengt i ng
oxygenat es and fron onv Lt nates to aronati cs.
60. The pcr)%aéré's]]s g% %f%%'il% L?‘uﬁ’\/gsa\t/s\inecréléé|ﬁ'ne eAre %cbé a?sy er?ogf circulated to
the regenerator using a lift gas. 59 61. The process of claim60, wherein
the Iift @gas iEheq&b&.@t efklfinodf, tWherefit e pebvaredinsdtaligluntihoptiosphard t r ogen,

hel ium fl ue , fuel gas, and anpy .conbination thereof. 62. The
process ofMoKf ﬁliﬁl% 15%@F%ﬂlwntnﬁeh%%eba%%w%%V%\ Tag@ PR tEsFARS Skt

nol ecul ar sieve is a silicoal um nophosphate having a Si/A ratio of not
greater tgan Oy pro&3s ofﬂhﬁn%?%é%nptfhe%&@a@d%tal%ﬁfn%h&pﬁo@&a?&t' vat ed

net al | oal um nophosphat e nolecular sieve is a silicoal um nophosphate havi ng
a Si/A rapleoulaf signstis gsidigoanminephosphBe havdug a §ihel prioobes gfataritkdni. 53, wherein
the activated netall oal um nophosphate nolecular sieve is a

si |i coal ugj nophosph i n t..ar. an 0.2 65.
The pr oceéqs oPPh QO&EEQP&X 83 %tht‘!ﬁ@hgggﬁv\f%td%de tﬂ&a{lﬂﬁ@@fh& }}r?gphosphate

mol ecul ar msicemer disveds ssdlmca)ahhmpmlahmspmﬁgea ki rago af Sht/gMatdralian®.Df not
greater than 0.15. 66. The process of claim®65, wherein the activated

| I oal h I I h h h
getSIa/ A|0a ml 20 O%g%e%ég%ﬁﬁlg*.g Clﬁﬂﬁ&@? tl:[lg\égtn!atsed metalﬁoafcl%aing osp ateosp ate having

molecular sieve is a silicoaluminophosphate having a Si/Al ratio of not greater than 0.15.

66.  The process of claim 65, wherein the activated metalloaluminophosphate

molecular sieve is a silicoaluminophosphate having a Si/Al ratio of not greater than 0.1.



