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

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



renoved, the nolecular sieve is considered to be

activated or ready for use. Theactivated nol ecul ar
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cavities or cages open to the inmedi ate environnent,

and ready for use. [0006] Acfivated
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reversible reaction of NH3 wWith acid sites of the

siteplateTihgemoved 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



method transfornms a H -SAPO- 34 into an NH -SAPO-34 in

reversible way. TheH4d -SAPO-34 is said to be able to
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time without | oss of structural integrity and acidity.
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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
wo cde3sht o t he regenerator, further heatedi NnPETES2004/020770

regenerator, and circulated fo the reactor prior to
contacting with feed. The reactor is suitably a hot

wall or cold wall reactor. [0014] The invention

further provides a process of starting up a reactor
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[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,



SAPO- 1|1, SAPO 16, SAPO 17, SAPO 18, SAPO 20, SAPCO 31,

SAPO- 34, SAPO 35, SAPO 36, SAPO 37, SAPO 40, SAPO- 41,
WGEABOB88 SAPO- 44, SAPO 47, SAPO 56, ALPO- 5, ApEIDUS1004/020770

AlPO 18, AlPO 31, AL1PO 34, PO 36, ALPO 37, A1PO 46,
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[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/Al ratio 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.
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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
metalloaluminophosphate molecular sieves, particularly silicoaluminophosphate
1lnolecular 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 maintained 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
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c auanm@n@m@dlyﬁpsmbe%@fw@lwm@m obiime feppeauey and
In.this re ely
Bl S B T oo Bop S BTTIRS
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activity (before any deactivation occurs). In this regard, the CAI would be 0 for a
completely deactivated catalyst, and 1 for a catalyst having maximum catalytic
activity.
[0033] The catalytic activity index (CAI) is calculated according to the
following equation.
CAI = exp(f{T) * fAPPyater)” * alpha * t)
wherein
t = time of contact of catalyst with water (hours)
T = temperature at contact (°C)

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



wherein t = time of contact of catalyst with water
(hours) T = tenperature at contact ( C) PPwater=
w@ansos3sPr essure of water in contact gas (psiB)EHUSINE4/620770
-0.071 n = 3.5 J[T) = exp(eafl /(T + 273) - 1/ (T +
273))) ea -5500K T = 200 C /PPwater) = (26.2 * PP ar
/Psat+ 1.14) * 0.175, for T > 180 C (453 K) ((26.2 +
0.272 * (180 - T)) * PP ter/Psat+ 1.14) 0.175, for 180
C (453 K})l d'roﬂ 150 C (433 K) P = Saturation pressure
of vvat%P at (psia). [0034] In one enbodi nent of the
:nvgntmen;,sthe reaction systemis started up by
oadi ng_activated catal yst e reaction system so
t hat t )a€¥9(9§ﬂga+n%ﬁ3 Cl}l/(é[jro %%»2 portion of %/he
cat al yst_ daggeaot contact or adsorb any significant.
amount of water nolecules. Then, the activated
cat al y§§=02680%kat ed and feed introduced into the
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and nai nt ali ﬂﬁ:dSO‘E UbK)eaT i I50°G 3BE) at a tenperature
greater than or equal to water critical tenperature
. e. , PgiraSatyratiop piessuee oLy ater #al (M8Bper at ure and

wat ety [

mﬁ@?%e i i o er b U e Riof tn R Rfory SRR aRed
t appe ﬂc&rﬂurgexctlmteémmlyﬂ iato pheachetal systeimesotthasfthammitivated
operatjons. For ex ractj cal ture. limt
i glo&@m@r SEYgPIHEn ﬁ%&l@@ﬁ@%@&e@ e ﬁ?fr%ea%c?né Signifiab

Fﬁﬁt%@\%té?%ol&ru%t §hed, HBDa@RAUH cgtggrsﬁs hBRE€and feed
pr eferably not greater than about 80 LOOSG] At
t entpdneddineshbslaciar systesr. Ed adtivatied cetalyetriabeated togat er

g%g{? tion ff%f 0,98 tcgn‘r,eg{ﬁ\?'\?eg?‘ o pd ét%gﬁ,g gﬁt%trogthe feed with

aqt%oc{cﬁ{zét@([lcdtﬁyﬁot significant. In one enbodi ment of
the invention, the activated catal yst is | oaded and

mi0036hi ned Preferelyytheaetiveiedoptalishisdpaded 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,
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.

[0036] 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 ﬁaintained 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



a tenperature of at least 300 C. In another

enbodi nent, the activated catalyst is | oaded and
woreiossidsed in the reaction system at a tenperBCTU82004/020770

at least 325 C. [0037] The activated nol ecul ar sieve

can be | oaded into and maintdained in the reaction

system at | ower tenperatures. For exanple at

tenperatures in the range of from about 150C to about
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contali ns at | east a neasurable anount of water, i.e
a lavosrdieni voater cmtwh] temptiatire et the systey sorimns gt l@@ftt a measurable
consi dered  co. etel The, anount  of , wat er

QAo P o 1 PN e R BIoH e Pt fhgledfea
r ebplevdy H\@t Ghe Bﬁ@ﬁﬁt‘ﬂf@v&& ih e g8San Be bfietivelgtletepiined
system 'Relative water pressure (P ) in this invention

| scapading éaithg selatite pterpiessues offhe gasin thegragtiop sygiery Relative
t
LB by S SRGH PR AL B RO e

OfwA0EYBP 1) Uividedl 1Bt Sabtatedivater prosase! (R & a@lmasmperamfe
t he wet ness of the envi ronmeniwl n which the act.i vat ed

mbeleitha eridead (annesatuis il Seatad The rolatiigavaierPressye 1s a measure
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dreyntagted8ah t]hengash iFor exnngple,iadh = knasnsvi®OWaweter gatwegen, end a
of t e reacti stem.into

means that e ga or env1ronment is completely dry.
[0039] In this invention relative water pressure of the reaction system into
which the activated catalyst is 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
humidity), this air contains water at a partial pressure of 0.29 psia (71/100 * 0.41
= (0.29, where 0.41 psia is the saturation water pi*essure at 23°C). When this air is

heated up to 205°C, the relative water pressure becomes 0.29/250 = 0.00116,



whi ch the activated catal yst is | oaded can range from
very low, i.e., low humdity conditions, to a val ue of
wa@avumsst ed wat er conditions. For exanple, atPQDBSIB04/020770
if the activated catal yst i Ocont acted with roomair
(at 23 Cand at 71%relative humdity), this air
contains water at a partial pressure of 0.29 psia
(71/100 * 0.41 = 0.29, where 0.41 psia is the
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pressure of at |east 0.1. [0 1 ano ot her enbo
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g?:g;’rg}géqﬁ{gt g%t@teg {@g:a 9utt1h(§ﬁft 9/6? (s)tultl m%ré) ;\%tefergbly not greaqgr than
about 0.8 wt %, and most preferably not greater than about 0.5 wt %, based on
total wefght of the activated molecular sieve.

I Type of Reaction Systems Encompassed by the Invention

[0042] 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



about 0.8 Wt % and nost preferably not greater than

about 0.5 wt % based on total weight of the activated
worioso3ss sieve. Type of Reaction Systens EnPORPS=e€020770
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ragedd on cond ti ofg daGhidffion 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



a tenperature of fromabout 200 C to about 500 C, a
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about 1 hr 1 to about 100 hq 1, and an aromatic
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the alkylation of benzene .
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] )] 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;



with propylene to provide cunene. Typical reaction

conditions include a tenperature of fromabout 10C to
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2000 psig;

[0057] 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'l;
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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'l;

[0062] T) The adsorption of alkyl aromatic compounds for the
purpose of separating various isomers of the compounds;

[0063] U) The conversion of oxygenates, e.g., alcohols, such as

methanol, or ethers, such as dimethylether, or mixtures thereof to hydrocarbons
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weight hourly space velocity of from about 0.08 hr! to about 2,000 hr.

[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 throughout 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
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t ougs tMont-lioyitinghexampisexrsuch 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;o monoalcohols (especially methanol, ethanol and propanol) and Cs-Cjo 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
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i vGihinletsleast pradisarzagips vessel, arefarglli PEIPTIOAL 892 PEMPENd a

' %g:/c U5 In one embodiment, the one or more riser reactor(s) and disengaging
vessel is contained within a single reactor vessel. Fresh feedstock is fed to the one
or more riser reactor(s) in which an activated molecular sieve catalyst composition
is introduced.
[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
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[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 reaction system is a cold wall reaction system. The cold wall reaction systems

use thicker refractory materials, but the thicker refractory allows the reactor itself
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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.
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generally practical at commercial scale. In one embodiment of the invention, the
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gas contacting the sieve (i.., 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 least 0.01, and in yet 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



flue gas, fuel gas, and any conbination thereof. Air
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Sy[%b@? 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



one enbodi nent, the hydrocarbon oil is injected into
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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
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netals of Group | LAof, the Periodic Table of FEl enents,
a Ivaa%elela@élwewefhmet@fls exleips! Fromahe group Gensiingé Co, Cr, Cu,

Laat Aankd RNig, NANNIAUR) 76 Ghd $Man@hASEREAYIEER The metal

atoms may be inserted into the framework of a molecular sieve through a

tetrahedral unit, such as [MeQ2], and carry a net charge depending on the valence
state of the metal substituent. For example, in one embodiment, when the metal
substituent has a valence state of +2, +3, +4, +5, or +6, the net charge of the
tetrahedral unit is between -2 and +2.

[0093] In one embodiment, the metalloaluminophosphate molecular sieve
is represented, on an anhydrous basis, by the formula:

mR:(MxALP,)O;
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embodiment, 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, SAPO-34, SAPO-35, SAPO-36,
SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56,
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vessel is optionally lined with an inert plastic such as polytetrafluoroethylene, and
heated under a crystallization pressure and temperature, until a crystalline material
is formed, which can then be recovered by filtration, centrifugation and/or
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[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



AEl framework-type,

as determ ned by the D FFaX net hod

disclosed in U S. Patent Application Publication No.

wQee3/00B86H089,
nol ecul ar sieves (i

or nore of a source
phosphor us,

Pt ke

is greater than 1:1.
.e.,
synt hesi zed by the hydrothe

a source of silicon,

[0097] GeneCEUB23004/020770
scular sieve crystals) are
fal crystallization of one
of alum num a source of ‘
wat er and a
'(t:agg()g_%ﬁ%egothg gl?slpglixs{i]cgns thereof,

Ion-or sources

mo

etpi

Ofor Skdryle Nuasl L AURON evilaBle fEdrh ET0Au Pohiuidi NS d

phosphorus, water

and one or

nore tenpl ating agents,

| Wilnlingten, Delawargesiliciel agid o5 uy eomlisaiom thamgef. yessel is

JRRIEE o bt

&aﬁ{bl%snrbgrailugg?\ggtshﬁrggérjﬁgluﬂé aluminum

ene,

cilystiadd, forakinaplephasisumeasaprohdxidep eluatimme phosphate, duminum

crystalline material

is forned,. whi can, then be

d,. h,
r b de gogiyny 3lpmingte, grrude-baelmity, @H%%S% angfprginum

R

Bk Hhefok | RGofveaiiRt Ssur&d ofSilrhmam is

cates, funed silica, for exanple,

Apsendo-bedifiten paiticalatly wheo prddegng esiliceelumingnhosmhake,  New

Yor

, and CAB-O SI L
ado e@f‘ﬁﬁ

AP 1 or t hosi

M 5, organosilicon conpounds such
licates, for exanple,

t ﬁfl'ﬂ@]{mt hy! RohMestihg G)adnﬁ)lés-rd(\f%)(%homs sources, which may also

andt e

Ludox- HS-

et pToRRaRs sy tiGRY kb ahd

_ raet hylorthosrilicate
omchija eburingmvatainiagphashers compasiticng sipln

), .colloidal silicas .
de phosphoric acid,
crL. Htaﬁﬂlggr gl%o%phous

or any

crc aci

C giRphbShated tieods. AIPOQHosplomas dalts, tor Rombiatiphsetheredt. A

al um num sources_incl ude al um num aJ koxi

e semsTEnGIoYrRe Al PhoPhpTIS
sodi um al um nat e,
um numtrichl ori de,

SBE icgﬂ[ﬂnﬁ%ghgﬁﬂhgt%z

I bbsite an

des, for _
Rl ogBhOTe A5l REFHC PR BYhp roducing
pseudo- boehmi te,
or any conbi nati on

t [E0epf . A Bogenerilgempkting egentsf ordémaplates mdlede compounds that

pseudo-
S

F?lit%éﬁ)q%ﬁ%‘t&eﬁ@ﬁﬁ 1

3 thorart i aBIeB et afiticularty

oﬁla%%ﬂaér% ad aRQSIRN Ay aPREHEASs alsd donbhinay

rdgblighb
g?g{)gilrf | ude al um num cont ai ni ng phosph

or us

¢ teaptomietaileyh o1 atiyhgioupesuph asarhalkylor asyl grouprhpaHigcrom 1 to 10

hosph h i , i
DRSBTS SR kLY rRBCT IR APt ftetptallboe
phasRbRCHStamd d ompRiméy Sidhnstahins, fiktsraat. aminonium

conveni ent source of

hospharus i s phosphoric acid,

p&pmpewndseny cvmblﬁafmr@ghféﬁfﬁg Syitahle dpamah; FRBAEEPhat e.

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

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

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

[0102]

Non-limiting examples of templates include tetraalkyl ammonium

compounds including salts thereof, such as tetramethyl ammonium compounds,

tetraethyl ammonium compounds, tetrapropyl ammonium 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,
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[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
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[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
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include kaolins known as, for example, Dixie, McNamee, Georgia and Florida
clays. Non-limiting examples of other matrix materials include: halloysite ,
kaolinite, dickite, nacrite, or anauxite. 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 material as long as the material has not

been previously used in a catalyst formulation.
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whereinmis 1t020,nis 1t0 8, 0is 5t040,pis2to 15, and x is 0 to 30. In one
embodiment, the binder is Al;304(0OH)24Cl;*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 is 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 materials such as aluminium

oxyhydroxide, y-alumina, boehmite and transitional aluminas such as o~alumina,
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[0120] 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.



[0119] If binder is not used in nmaking the nol ecul ar
sieve catalyst, the catalyst is considered a

wheoderdsess catal yst. If binder is used, the apouns2004/020770
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the mxture is thoroughly stirred to farmthe slurry.
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COOEisFt €Ncy [Pnd BfbIMERLY 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 LV-
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 cP (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 slurry. 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
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sufficient to break any aggregates or |arge particles
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[0130] When a spray dryer is used as the forming (or drying) unit,
typically, the slurry of the molecular sieve particles, and optional matrix material
and/or binder, is 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.
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use or for storing or transporting prior to use. However, it is preferred that the

molecular sieves be formulated into a preformed catalyst, then activated, since the
sieves are typically most useful as a formulated product. The formulated product
generally provides the most effective particle size and hardness for commercial
scale equipment.

[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



the slurry into small droplets. The size of the
droplets is controlled by one or nore factors
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and particularly from 1to4 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 dimethyl ketone, formaldehydes, and various acids such as acetic

acid.



devi ces can be used. Such devices include rotary
calciners, fluid bed calciners, batch ovens, and the
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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



[0140] Non-limting exanpl es of oxygenates include
nmet hanol , et hanol, npropanol, isopropanol, nethyl
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di i sopropyl ether, fornmal deh%d di met hyl carbonate,
di met hyl ketone, acetic aci d/ and mixtures thereof.
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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.



wei ght percent, for exanple greater than 40 wei ght
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hydrocarbon product produced, is greater than 20 weight
percent, such as greater thal 25 wei ght percent, for
exanpl e greater than 30 wei ght percent, and preferably
greater than 35 wei ght percent. [0145] addition to the
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continuous high velocity fluidized bed process.

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

incorporated by reference.
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about 99.9 weight percent, such as from about 1 weight percent to about 99 weight
percent, more typically from about 5 weight percent to about 95 weight percent
based on the total weight of the feedstock including any diluent contained therein.
The liquid and vapor feedstocks may be the same composition, or may contain
varying proportions of the same or different feedstocks with the same or different
diluents.
[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
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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),



the like. [0158] h one enbodi nent, the di sengagi ng

vessel includes a stripping zone, typically in a | ower
w@ersiomssof the di sengagi ng vessel. In the strPEpUSZP04/020770

zone the coked catal yst co sition is contacted with

a gas, preferably one or anggnbination of steam

met hane, carbon di oxi de, carbon nonoxide, hydrogen, or
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akf%] 0.01 Tpe 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).
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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,



Experi mental Techni ques, G rcul ating Fl uidi zed Beds,
Grace, Avidan and Knowl ton, eds., Blackie, 1997

W@ 38608889, which is herein incorporated by rePE&r/Esme4/020770
[0165] Coke levels on the catal yst conposition are
measured by w t hdraw ng the4éatalyst conposition from
t he conversion process and determning its carbon
content. Typical levels of coke on the nol ecul ar sieve
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[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,



5,082,481 (menbrane separations), U S. Patent
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WON00561903689, 288 (hydrogen renoval ), U. S. Pat ent PEIUS2004/020770
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ene acetyl ene, propadi ene, butadi ene and
byoymag. 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,
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[0178] The oxygenate contammg 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 is 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
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eta'i‘ddh%f‘ ?a@ﬁgfaﬂ!if niAIORY], 85i8g aMNbduMrlsicRe c%%am%%o@ftmn as
his integrated process are described in
3 Ascribigil @hoves %mqafnrredjmlymﬁnw:op@r@qews Bygas pltla;r: ence.

Sk Sh A0 SRR Bk ph¥ o} B N RLBiRE el
dgsepyiaes mabm@ramﬁmeqiogﬁﬁdﬁzaﬁorpmﬂya@sistaﬁes &isd@@ftaﬂ

to, in one enbodi nent, qne or nore &)@I yneri zation

pr@@é@%@e easplygsyeiomi hythisembriimesh (isisappasted W@ﬂ@cﬁlﬁ

FiRER o0t o oRe AR RMoAY o diRhepe Refigopma

byand eh er@vater, preferably the activator is a non-coordmatmg 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 polymerization
processes include atactic polypropylene, isotactic polypropylene, syndiotactic

polypropylene, and propylene random, block or impact copolymers.



[0180] Pol ynerization processes include solution, gas

phase, slurry phase and a high pressure processes, or
w@2@msniissat i on thereof. Particularly preferredPCBHUS2008620770

phase or a slurry phdse polyggrization of one or nore

olefin(s) at |east one of whi'ch is ethylene or

propyl ene. These pol yneri zation processes utilize a

pol ymeri zation catal yst that can include any one or a

¢ o‘{}PI hation é}fan%nrft% ongta?r 1H>!§ ) R Bt %&ém}f ﬁa%in%l LRSAR T gjnit

above. Howe , LNe prererrca poryrert ZatTt o catdr ysts

are the Zi edndmRdNahdraror Bhitl | | ps-type, netall ocene,

net al | ocene-type and advanced pol ynmeri zati on

calal ysts, dwdmlelyres thereof. [0181] In a preferred

e jjrent , ' I Se

R R R e T

of catalp thatmesr suzaptible tc deatiysttonsipstie nontact avith water molecules is

0 ri.zati on, reactor_fo, praduce one .or nor ol yner
e ted 3R R i FhoL BT b o Be e ha Bopiay
”Bs%teﬁ)),/ c&%ﬁ‘lﬁfgta! re8ct&in @l éiﬁrh%gerﬁ?a“c&i 104! Q‘hb ﬂo%i@%' of FIG.

usi'ng a nol ecul ar sieve catalyst conposition as
dek smiapsylalyclitscted e a pyssdne foregnpastipgrexyzenticoi Pefisess

'S S..phas 0 rization process.and ea ne
of e lESj AR S Bty R b R Y s PR SRR SRy Bl A EbackR
pregeieadiby Aderdieg wome bmbbdigRnChoanis FIGYE tiediepsncdator 104
supported npetall ocene catal yst system In this

- endertadhy edtag dabbr fBds wpEHothewgeneaon] QAhy sopding the air
' , t : -t
colRleh oy U0, (R Uh AP IR, ) 0 AR or VRS 1Y ind
a imtnthe ocgedémt il g bpmiagnf o comluinid2a Mhe regenemidnil 04 is lemated

thereof, an S eferably the activator is :
ol e e 2 o 2o B L Rehie Tk ars Sty egretor 104 wil
poll_,é/gﬂggﬂaﬁ@glyqﬁypr ocesses described above include

linear | ow density pol yethyl ene, el astoners,

pl lEi)é%]rre:r s, Whgh Itltbangfbrle?attprdloﬂrég hginigheqted, dwlw ngectel 10 is also
e L e S BT e T

t heo2p ofheresdtaratoR @h ¢t HCRS 8 BSuisACHOTE (Z042CY htGwhich time
pol ypr opyl ene, isotactic polyprop%)ene, syndi ot acti c

pofelisetepiindprreacian 105 wil beswbstantidydry b Adekthg reactgs 402 has

L . ;
CoBRYIRES Yy LD B 200 BB R BB e
Ex80pis dedted fdlBhctonempremngt ef afous BAOFi(427°Gpbrirggsing m

cont ai. ni ng nol ecul ar _si eve .
superheated steam through the congult 114.

[0185] While the reactor 102 is 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



catalyst that is susceptible to deactivation due to
contact with water nol ecules is described in

waewendasee with FIG 1, which is a flow di agreom/o§2084/020770
reaction system contai ning 2 reactor 102 and a
regenerator 104. The flow di éram of FIG 1 is
particularly directed to a systemfor converting
oxygenates to olefins, although it is particularly

Y Bl BRbfe B RERy HEFE SRhTRe i BRERR Ry

Fliferedsing RepeRHEBOF Bic@htal@d i s heated by injecting hot
air. Air is input to the regenerator 104 by sendi ng

t H818Tlr t hr doege aprednigrpurasamornbof ealyy dhinpuidaiodhe t

1 t h r j t o

- a8t A elleq B Wk B apbdliso PP Rk ¥Bouc 1200°F

r e(gegf’@)ﬁhe catdlydt i? sirbidatté b the re;]aatoln @02 ﬁmaﬁg}%&fgzﬁmﬁ and
at Ich tine refractor In the re ner at or W
pé)agg Gomptherectay 17 {ropdya Ui P eA e S1scyeh et aif bralse

| SinfRelcAn B8 8 cohdift IRABLRS inﬁ%iﬂcﬁlaﬁ&ﬁ OAﬁﬁgBﬁeq c?t%llst is then

i nj'ecting superheated steamthrough a conduit and
i rdded tgbn eggrnenatot OPcorlete tisaetayst 1g@ings Theanwtlysf sradéed at

hours at 400. F, (204 Q). at [ fd fefractory in the

r btalesP migti ot Splere oo AR 00 BT cer the

r qgmssar 102 bad thepactiindye®n 18 kuictentT® hbded, injection of air into
substantially dry out the refractory materials, the

r éhe reetor 392 isstonpad selthabsteam enether appeemsiatagagisusst to

e e G a2 B Bl Bt RSO 1S My,
| sappegiriatt pragslofddygen frbm resgari@R ahivatrockPdbrhfesd Bdrjected
heated for a ti :inf‘éto substantial |y dry 0{”

th )
r SForgh s copdrid {Afosconfaskthe SHpEREL I calelish &nf srreastion
al ; ; I
ot B RGO i hale ™ D PRy S SRsCby wey
Onfeytlons sdpachtore AP rveithuthe résstiorpoded, extatgahy sdactios 102

dded t he . t 4 b t] | h

o Hiogh Gl EPETK bR oh T s tpe TP T AL RO B oA B 152 by
r 6gSNEr @t 06ndh4 20GA ¥aNkd AR ABRRRT 0206k (eS8 ktlon.
system not shown). [0186] After sufficient catalyst is

| daerebustinn pradustsraegremeved Gpmitberagendraioml @4 beway phe conlyit
islj6urther heated by injecting a hydrocarbon oil into
the"bed through a48 conduit 116. The bed will be
sugficientl yEhaipl¢ @ conbust the oil, thereby further

i ncreasing tenperature of the catalyst. [0187] Once a

pri@d8ler mi netetherirample of stagiesp 3 sagtign qystepy ¢onigieing

molecular sieve catalyst that is susceptible to deactivation due to contact with
water molecules is described in accordance with FIG. 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 a result 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.



regenerator 104 and heated to between about 800 F

(427C) and about 1200 F (649C), the catalyst is
weresiissed to the reactor 102 through a conduP€T/LSBN4/020770

and back fromthe red€tor 102 through a conduit 120. A

lift gas such as air is also ‘Pnj ected through the

conduit 120 to aid in circulation. Additional catalyst

is then added to the regenerator to conplete the

capal yst Ioaﬂ%ggileghe catalyst is added at a rate to

marntai n the above about 800 F (427 C). [0188]
On[490he reashother kyisipeofistarting &ip & teRB6tidrysyRRAt @htaining
in eftl on of air into the reactor 102 s stopped so
t h%? esplansie vt catply thaj ssmsispiibledo deastivatiquadug te gontact with
Suf bl : - Rrd {
s elEbes LAt beBRkAke 7 FRG, 5 AR AR difram
f r offa reectncrystéM2is shywin ocBlith @n AceerlingstoiFifGedtthelhédupugh
the copduit. 4 to contact the %ircula i ng hot catal yst,
anifOPFTY S 40% TP 35,10 &2 EXaupie s X aRRLE, Aot digut arjodher
S ek cyti€ Sert E@ﬁbép'ﬁﬁt&écfzn%ﬂaﬁbfh 514h, GafoRd ¥dhe Hé/atéfég%lggtém to

cycl one separators 122, with the reaction pr
exicastar3 Q2 AAll ether enpeato of thstutglp mroesdnthuiertaltiag toA1G. 3 are

pos.t.i nRenGRi 2l yst is renoved fromreactor 102 by
m@lgg%ﬂ?%émcon &??2120 and sent to the regenerator 104
f oD. r egener akxample Lonbusti on products are renoved from

t he regenerator_ 104 by vvafy of a conduit 126. B Exanple
2 108%80] Anofnthersxampleoistartingun 3 Frgotign systemrontaying

sy T e < fois
SRR AL TR B ART B Rt Ao tpely Bt v
nmoweteumekcilss tassaribeé th actontancs eahF8G W, twhidh iSa fldw diagram

sl S SR 1, CEeh e HE L St
| Sprb&Rluseih Adnde@khdt th EXAARE ¢ éqceﬁt?tgggag gebg%ﬁlr) is u%ed to

relatively 'd;&gas i s used to heat rat her
t hzpat up weasior Agkuwiher Agnisteaml GheZas & oot tbiagmoduvereabvery unit

se thy o .alr conpressor, 206 i s se t hy ou a

c o A hEB R S SRR P e sl Ak, ThRBRdNF recpvery
t heystepincindésidod] e efftesm gbiic@soPS4% ball @ oh Br FXRER W Essel 29,
a result of increasing the tenperature of the air, the

ai $adicompresgon 44 risrendinedoiet, the sasdu st taid cpmpressor 446
CoRSATEHpYBIaR b i Bt ol 2, e
t hepesttiantsuetpaspr acdytio @addingsyarpl & ah dxggenate to olefins system,
L?}“& g’r%ve%rg &Eﬁ%fq%lg g@f gh&%g}%i%m?%esred teoxcaoo {)reodgcf:t frsgrr? {Ifel rggctor
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



nol ecul ar sieve catalyst that is susceptible to

deactivation due to contact with water nolecules is
waele®soidsesl i n accordance with FIG 3, which i spar/ikmes/ 020770

di agram of a reactioﬁ”systeny% shown in FIG 2.

According to FIG 3, the heat™“up procedure is the sane

as that in Exanple 2, except that air or gas from

anot her source is sent to a separate conpressor 336,

be My C the
op 2t DR SEhER RS Wil 0GR tor N ofly apfl OB of
ar thetilvendemte as in Exanple 2. D Exanple 4 [0191]

Anot her exanple of starting up a reaction system
cont ai ni ng nol ecul ar sieve catalyst that is
susceptible to deactivation due to contact with water
nol ecul es is described in accordance wwth FIG 4,
which is a flow diagram of a reaction system 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 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 systemincludes cool er or

st eam generator 442, collection or quench vessel 444,
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
reacti on operation such as a catalytic cracking system
or an oxygenate to olefins system the steam generator
442 woul d typically be used to cool product fromthe
reactor 402, and to produce steam [0192] As shown in
FIG 4, the steam generator 442 is al so arranged so
that at start up the gas passing 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 simlar manner as that shown in FIG 2
and FIG 3. An advantage of the arrangenent in FIG 4
is that the gas can be circulated in a relatively dry
formthrough the reaction system wthout 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 w de range

of paranmeters within what is clained, wthout departing
fromthe spirit and scope of




the invention. CLAIMS: . A process of starting up a

reacti on system the process conprising the steps of:
wW@oohes3shg at | east a portion of the reacti onPGHES®NF/020770

b) loading a catal yst® the catal yst conprising

acti vated netalloaluninophosg ate nol ecul ar si eve,

into a heated portion of the reaction systen c¢)

heati ng the catal yst | oaded into the reaction system

ag%égﬁgﬁgntacting the heated catalyst with feed in the

r *system 2. The process of claim1l, wherein
the reaction systemis a dense bed reaction system
fixed hegrocesaifisnrtimyigt ereactidnsysteme thelpeokbeseamtprising the
system fast fluidized bed reaction system
ci rcul ##SPRETF 1 ui di zed bed reaction system or riser
react ory) Sy Sty af 108t @g&ﬁ@ﬁ%fﬁfe r&ltYioR bydtdie, Preceding
cl ai ns, wherein i he reaction system conprises a
r eact orb)and loatjenecatlyst, thé catflyst pmuypiss afivatbdi m 3,
wherein, i te , e reactor. and regenerat or ar
oot od Tl aBtiisahals profils? st iy Hea Bivfion e
the heatgdion@agémr or regenerator. 5. The process of

any of claims 3 or 4, wherein the catalyst is |oaded
into tM redwearsihe catalystlopdad inedherpaptipn system; and

r egener gt or, . C] I ri:

cont actfng. woRRCHELGEHARE RS KSR B BBl pikfom,
3 to 5 wherein the heated catalyst is circulated to

the regenerator using a |ift gas.7, The pr_ocass %f )
cldi m 6lhafesess At ¢lpan 1. yhergja dhs eadionsyste 15 ¢ geRse ped reaction

group | Skl f i+t 1O . ' :
Lo, "t SRSl B refon SPbhe ol Bd Riiidn 8o R
pr oces sfludizedyedufeactionisysterd, ¢icculatingifbidizad hadeeactian syatem, or
is a hot wall or cold wall reactor. 9. The process of
any of 11‘%‘?5”&?@’6@6‘?% cl ai s, wherein the heated

portion of the reaction systeminto which the

activated netal | oal um nophosphate nol ecul ar sieve is

| ohded The precasedf any of theprsesdang glaimst whercinghe reagB@csystem

comprises a reactor and regenerator.

4. The process of claim 3, wherein, in step a), the reactor and regenerator are
heated up and, in step b), the catalyst is loaded in the heated reactor or

regenerator.

5. The process of any of claims 3 or 4, wherein the catalyst is loaded into the
regenerator, further heated in the regenerator, and circulated to the reactor

prior to contacting with feed.

6. The process of any of claims 3 to 5, wherein the heated catalyst is

circulated to the regenerator using a lift gas.



preferably to a tenperature of a at |east 200 C, nore
preferably to a tenperature of at |east 300 C, prior

wao o008a1BB8/st | oading. . The process of any of PEEUS2004/020770
precedi ng clains, whérein thﬁ heated portion of the
reaction systeminto which t 2 activat ed
nmet al | oal um nophosphat e nol ecul ar sieve is |oaded is
heated to a tenperature of at |east water critical
t erature pri . I I | NG, qa T ¢
of "y S rEa@sr i GERLR e 18 e Eoeq FL RoBiBT B8
| oaded cofiditidgh alreAitioen) helghefMud gasNEOD] @eNGM, @id aay
predeterm ned catalytic activity index while the sieve
is in taebmegen fseodystem 12. The process of claim,
wherein the predetermned catalytic activity index is
at least 0.7, preferably at least 0.8, nore preferably
at8.| easthe(récess offdny qiiclaires 3 t®7, velwyeinfthd teectpr 1 adot wgll or
cl ai s, ﬁger i n the netall oal um nophosphate nol ecul ar
si eve iQlGEHEEREGf r om t he group consisting of SAPO- 5,
SAPO- 8, SAPO- I, SAPO 16, SAPO- 17, SAPO- 18, SAPO 20,
SAPO- 31, SAPO 34, SAPO 35, SAPO 36, SAPO 37, SAPO 40,
SAPO- 4 Thepupr@ssiof angaftheprecedmplaims, Warreindbe hertepation of

AlPO 11, ALPO 18, . ALPO 31, PO..3 Al 6, .A1PO 37
ALPO acte RIS BEREHP RyCh e A GeEed tpmsplgppiite
and n xhole@far ek edloaddt is hbgedtoarRipeturady atdbast 1SO°C,
precedi ng clainms, wherein the feed is selected from

t he gr duperabhsiogttpmgegiur ek Hatdeast 200 gpmercfembls el |
l'ight _§Q%¥ [ 0 St L] . or
residug%nglg e%@%ﬂgkgu(ég’ eggigﬁé'#ébﬁﬁﬁ' benzenes,
xyl enes, toluenes, naphthal enes, and al cohols. 15. The

rocess_of any of th receding.clainpg, wherein the,
CoALE) y ST SRR} HUO BT GRS SRSy SRR B Restedeprii of
a_tenpeh@tdit@ord J&@fenihﬁqtcﬁ&zhicﬁﬂ%acﬁ@ﬁe&ﬁtﬂl@%ﬁgﬁ%@ﬂo%@fé

first loaded into the reaction system . rocess
of any méletiar seviede iadefd isthaitad {o adsaperature € aidaash vptsr

| oaded into . the reacti.on systemis heated to a
t enper aﬁna]lcgltgppg@ar%g%?r%ﬁ%ta&s%ﬁn&he process of any
of the preceding clains, wherein the catal yst | oaded
into the reaction systemis heated by conbustin

hyldr oc aFlisamoesiss of #istaféhe rrgeqdingrelaigns: whereln tip éatalr%étgl@%@d
g; any llﬁ{g th FeaBh&C &P HhthiTBed WESRiReilified SRR ORtivity
index while the sieve is in the reaction system.

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

index is at least 0.7, preferably at least 0.8, more preferably at least 0.9.

13.  The process of any of the preceding claims, 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,
AlIPO-11, AIPO-18, AIPO-31, AIPO-34, AIPO-36, AIPO-37, A]PO—46,

metal containing molecular sieves thereof, and mixtures thereof.



sel ected fromthe group consisting of catalytic
cracking reaction systens, transal kyl ati on reaction
W@ YBEAMSS8 | someri zation reacti on systens, cataP@r/iUs2004/020770
dewaxi ng systens, al Kyl ation reaction systens,
hydr ocracki ng reacti on systens, systens for converting
paraffins to ol efins, systens for converting paraffins
to aromatics, systens for converting olefins to
gasoline, systens for converting olefins to
distillate, systens for converting olefins to | ubes,

SYH4. eMBTheOpro6&s vesiy sTah@peosihSclhidns) wbbicitfthe feed is selected
di sproportionation reaction systens, systens for

conver t o1 the gieup ceusistipg wf lierepengs, daplthess diesgls dightorhpavy
adsor bt Bl o MRk Big AL BRRE 1BANKRIS LOHARYISHRLAS
to ol efTns, systens for converti’ng oxygenates to

ar omat i bsizersy stydenes. ftoluemds] guphdralenies) gnd blebhsls, and
systens for converting unsaturated hydrocarbons to

al dehydes. 19. The process of any of claim 18, wherein

thes r eaphd QBcaY oF &Y dShSfleb&difdclbinMwhBRiOhe E?talr%lbgt loaded

consisting of catal’ytic cracking reaction syste
syst ensinfathe eenstien systen hegled &1 @ tenperattivefthat ss aidehst 100°C

systens, .for converting o e es to aromatics. 20.
The. pr ouelt R RGP B PoRIRRThE ng o SRREE  wher ei
the activated netall oal um nophosphat e nol ecul ar si eve

is a silicoal um nophosphate having a Si/A ratio of
not6- gr eBcproedsy At anysof the prceeding Glaigss, wherehy hacaplyshlapded

0.3, no . .
0.3, Togf, ALELETaPhAl Bk 41l P
preferably of not greater than 0. 1.
17.  The process of any of the preceding claims, wherein the catalyst loaded
into the reaction system is heated by combusting hydrocarbon oil in the

reaction system.

18.  The process of any of the preceding claims, wherein the reaction system is
selected from the group consisting of catalytic cracking reaction systems,
transalkylation reaction systems, isomerization reaction systems, catalytic
dewaxing systems, alkylation reaction systems, hydrocracking reaction
systems, systems for converting paraffins to olefins, systems for
converting paraffins to aromatics, systems for converting olefins to
gasoline, systems for converting olefins to distillate, systems for
converting olefins to lubes, systems for converting alcohols to olefins,
disproportionation reaction systems, systems for converting aromatics to
higher aromatics, systems for adsorbing aromatics, systems for converting
oxygenates to olefins, systems for converting oxygenates to aromatics,
systems for oligomerizing olefins, and systems for converting unsaturated

hydrocarbons to aldehydes.
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19.  The process of any of claim 18, wherein the reaction system is selected
from the group consisting of catalytic cracking reaction systems, systems
for converting oxygenates to olefins and systems for converting

oxygenates to aromatics.

20.  The process of any of the preceding claims, wherein the activated
metalloaluminophosphate molecular sieve is a silicoaluminophosphate
having a Si/Al ratio of not greater than 0.5, preferably of not greater than
0.3, more preferably of not greater than 0.2, even more preferably of not

greater than 0.15, and most preferably of not greater than 0.1.



