WD 03/ 099747 PCT/ US03/ 12723 -1 METHOD FOR ADDI NG HEAT TO A REACTOR SYSTEM
USED TO CONVERT OXYGENATES TO OLEFI NS FI ELD OF THE | NVENTI ON [ 0001] The
present iwoesbdom relates to a method for converting a feedr/uso®miare ng an
oxygenate to a product including a light olefin, in which supplenental

heat is added with a heating fuel having |ow autoignition tenperature, |ow
sul fur, and |l ow nitrogen content. BACKGROUND CF THE | NVENTI ON [ 0002] Li ght
ol efins, defined herein as ethylene, propylene, butylene and m xtures

t hereof, serve as feeds for the produc‘tTon of numerous inportant chem cals
and polyners. Particularly, light olefins are used in the manufacture of
pol yol ef i ns sIMETHOD FOR ADDING $EAT TO0AVREACTOR SYSHEM YSED TOr

pol yet hyl ene and pol ypropyl ene require a product that is substantially
free of contam nants sucE\éﬂvﬁ,BFf(ﬂxymﬁFﬁso@@Lgﬁm sul fur and nitrogen
conpounds are present in the olefin feedstock, the catalyst is rendered

| ess effective resulting in poorer quality goods or |ess efficient

pol yrer i zatf|ppDpOPAu4t SINVERIPON One energi ng technol ogy for the production

of light ol/efins uses oxygenate feedstocks such as nethanol, ethanol or

di net hyl et{0@91] MeiThenpieseat inagotiomnelatisnts Bymethaskfor canyertngks feed
produced from ,synthesis gas derived from.nagtural gas,pr ,0f her sources.
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products that are ess poi sonous to polynerization calalysts. e

enbodi nent temnpelratures dow isoifur, @hddewgeinegers comteat.ef i ns uses a nol ecul ar si eve
catal yst, such as a SAPO catalyst, in a reactor systemthat has an
oxygenate to

| ef " ' d a catal yst regenerator. The
catal yst i AQ?,K&,F%EEU& H TO%P Y ’

[0002] Light olefins, defined herein as ethylene, propylene, butylene and

mixtures thereof, serve as feeds for the production of numerous important
chemicals and polymers. Particularly, light olefins are used in the
manufacture of polyolefins such as polypropylene and polyethylene.
Catalysts for polyethylene and polypropylene require a product that is
substantially free of contaminants such as sulfur and nitrogen. When sulfur
and nitrogen compounds are present in the olefin feedstock, the catalyst is
rendered less effective resulting in poorer quality goods or less efficient
polymerization products.

[0003] One emerging technology for the production of light olefins usés
oxygenate feedstocks such as methanol, ethanol or dimethyl ether.
Methanol, ethanol and dimethyl ether feedstocks are produced from
synthesis gas derived from natural gas or other sources. Oxygenate
feedstocks produced from this method are desirable because they contain
negligible amounts of nitrogen or sulfur and result in olefin products that are
less poisonous to polymerization catalysts. One embodiment of the reaction
of oxygenates to olefins uses a molecular sieve catalyst, such as a SAPO
catalyst, in a reactor system that has an oxygenate to olefin ("“OTQ") reactor

and a catalyst regenerator. The catalyst in the OTO reactor converts



WO 03/ 099747 PCT/ US03/ 12723 -2 oxygenates to ol efins and al so generates
and deposits carbonaceous material (coke) on the nol ecul ar sieve catal ysts
used to cabaByew4t he conversion process. Over accunul ati @aTafSos/zse

car bonaceous deposits will interfere with the catalyst's ability to
pronote the reaction. Thus, the nolecular sieve catalyst is periodically
recycled to the catal yst regenerator. During regeneration, the coke is
renoved fromthe catal yst by conbustion_w th oxygen, which restores the
catalytic activity of -the catal yst. The2 -r egenerated catalyst is then
recycl ed back to the OTO reactor where it is reused to catalyze the OTO
reaction. [ddy@éhatésS.toPatefints bnd. aBc02jre0atesndind, 1epo8it, carbbhacdowshi ch
are incorporated herein by reference, disclose nmethods of producing

et hyl ene dnatesiebpieokak o5y that molesuarc Girng Gatalysts svgdetut@talize teui di zed

bed reactia | C 1] I e '

Pat ent Nos&fgggﬁérgﬁoé\%& ?\%&éé&égﬁl%@c&rﬂoﬁﬁ% gﬁ%§b§&$@gcgég(g§§ g’hjls herein
by ref er enggierfdiré Chithe tige nedtalyse dalsiigCitd | proreaenehat feaidtiof e VRS fed
techni ques. [0006] The reactor system conprising an OTO reactor and a

r egener at ormoleculan siexgiicatsdystie pediddidaly retyctledttottbet ¢catalyshegenesgtorem The
oro reactig:P S exothef.m' th requiri ng an initi heajtli ng to initiate the
reaction, Y0 [FISHEAIONthesERke i SemPHpR Jrom e CalplySh P FORPYRRE wher ¢
t he oxygengta, f S j e AW il | ' b

desirabl e ?@ﬁLee teﬁg ?’Q%@t Cr)%é{gﬁé qﬁ%ggﬁtear?}g{%cﬁlg'tt} ﬁtg%ld%?hﬁt tq-ﬁg
initial staegenerabéd tdatalysigientheat @cyaled beek itomghe A TOhreattdraivhete al iso

requi res heat. 0007& Convent i(ﬁnal |y, the regenerator apparatus is

preheat ed B§Used taaatalyzetpesdit@deachieren burns a starting fuel such as
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regener at olincorperatedi herelry by reference, disclose methods of producing ethylene
and propylene by catalytic conversion of oxygenate in a fluidized bed reaction
process which utilizes catalyst regeneration.
[0005] US Patent Nos. 4595,567, and 4,615,992, both of which are
incorporated herein by reference, disclose general and specific regeneration
devices and techniques.
[0006] The reactor system comprising an OTO reactor and a regenerator
often requires the addition of heat to the reactor system. The OTO reaction is
exothermic, requiring an initial heating to initiate the reaction, after which it is
self-sustaining. There are also periods where the oxygenate feed must be
interrupted, at which time it would be desirable to keep the reactor and
regenerator hot. In addition, the initial start-up of the regenerator and heating
of the catalyst also requires heat.
[0007] Conventionally, the regenerator apparatus is preheated by an
auxiliary burner which burns a starting fuel such as natural gas with air to
provide a heated gas that contains air and gaseous combustion products
such as carbon dioxide and water (steam), to the regenerator. The auxiliary

burner can be associated with the regenerator air blower that introduces the



burner can be associated with the regenerator air blower that introduces
the WO 03/099747 PCT/ US03/ 12723 -3 heated gas through an air inlet at the
bot t om ofwohe/osegener at or. However, given the | ow heat capaaishy12083 such
heated gas, resulting in part fromits expansion upon heating, the heat
input to the unit is limted. Particularly, the maxi mum anount of heat and
the maxi mnum tenperature is limted. Wien heat is added to reactors other
than OTO reactor systens, such as a fluid catalytic cracking (FCC) system
hydr ocarbon feed (gas oil) to the FCCuBit is burned in the regenerator to
heat the catal yst. However, the gas oil feedstock of an FCC unit is

cont am nat ¢ ‘iﬁléc] gag'thfﬁ.ﬂﬁgaﬁgﬂr et HE th"enﬁ H? gﬂ egEneratel! AowWevap OTO
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in an auxiliar bu ner, ate bl ower,, but be ntering
the fluidi DM f@&?ﬁf—’ pr °n tﬁEerceSaix% Hogeveriibe gas; ‘?'L@eﬁégﬂ‘
capacity oforthe F@@eﬂﬁﬁ%' eantahﬂna esw.th AfrogBn BA4 sl "hihd SwiaaBel on
upon heatln limts the rate at eat I's added to the regenerator
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relatively catalytic cracking (FCC) normally circulates hot catalyst from the regenerator
to the reactor to add heat to the reactor. One method of doing this combusts
a fuel with the air feed to the regenerator. The FCC process normally uses
fuel gas (including natural gas), or a combination of fuel gas and heavy liquid
feedstock for this purpose. The fuel gas is combusted in an auxiliary burner,
located after the air blower but before entering the fluidized bed of catalyst in
the regenerator. The limited heat capacity of the regeneration air, resulting in
part from its expansion upon heating, limits the rate at which heat is added to
the regenerator through this method. It is normally desirable to add heat at a
greater rate, and thus a liquid fuel, normally consisting of gas oil feedstock, is
added to the fluidized catalyst zone. The catalyst has a much higher heat
capacity than the combustion air, and thus liquid fuel can be added at a much
greater rate in the fluidized catalyst zone than can be added to the
combustion air through the auxiliary burner. The gas oil also has a relatively

low autoignition temperature of 315-370°C (600-700°F), which aids in the



| ow autoi gnition tenperature of 315-370C (600-700F), which aids in the WO
03/ 099747 PCT/US03/ 12723 -4 initiation of conbustion, as well as hel pi ng
t o ensur ewDhawnd7e conbustion will not be extingui shed decirnugoaid7esv
tenperature excursion. [0008] In trying to adapt the FCC heating nethod to
the MIO process, sone mmjor problens are encountered. Gas oil cannot be
used as the heating fuel, because the sulfur and nitrogen introduced by
the gas oil cannot be tolerated in the MIO product recovery section. The
MIO f eedst ock, methanol, cannot be usefi-as the heating fuel, because its
autoignition tenperature of 468C (875F) is so high that preheating the

cat al yst begitiaflon oh@ohfurtien 29 well asthlping ©f @durbanaethet combistionwilii at e
the conbustion of nethanol is difficult. Also, there is a greater risk of

ext i ngui shined berextipguishedrairing a tow tempenatureraxcexgion si on. [ 0009]
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time, hours rather t to provide supplenental heat to the reactor,
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byproducts. The present invention satisfies these and ot eeds. SUVMARY
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from a low temperature excursion.
[0009] Accordingly, it would be desirable to provide a process for making
olefins from oxygenate which has an initiation procedure which provides a
high heat input to an oxygenate to olefins reactor system within a reasonable
time, hours rather than days, to provide supplemental heat to the reactor,
without contaminating either the OTO catalyst or the MTO products and

byproducts. The present invention satisfies these and other needs.

SUMMARY OF THE INVENTION

[0010] The present invention solves the current needs in the art by

providing a method for converting a feed including an oxygenate to a product
including a light olefin.

[0011] The method of the present invention is conducted in a reactor
apparatus. As used herein, the term "reactor apparatus” refers to an
apparatus which includes at least a place in which an oxygenate to olefin
conversion reaction takes place. As further used herein, the term "reaction
zone" refers to the portion of a reactor apparatus in which the oxygenate to

olefin conversion reaction takes place and is used synonymously with the



ol efin conversion reaction takes place and is used synonynously with the WO
03/ 099747 PCT/US03/ 12723 -5 term"reactor." Desirably, the reactor

appar at uswonclogrdes a reaction zone, an inlet zone and a @®CYASgA7AY zone.
The "inlet zone" is the portion of the reactor apparatus into which feed
and catal yst are introduced. The "reaction zone" is the portion of the
reactor apparatus in which the feed is contacted wth the catal yst under
conditions effective to convert the oxygenate portion of the feed into a
l'ight ol efin product. The "di sengagi ng-2ene" is the portion of the reactor
apparatus in which the catalyst and any additional solids in the reactor

are separ attﬁﬁ'n PreqBtbire DEHABHL She FoRit6RApYarateinchies! # Fed@BA dohe, an
positi oned between the inlet 'zone and the di sengagi ng zone. [0012] The

present i nuelet izoner ahditeedisengagingozaws fldve fHinlatrapreet isltbéi portipn cfute from

an oxygenate feedstock in the presence of .an oxygenate t | efi n nol ecul ar
si eve cat alr9§?t%ﬁ@ip€ﬁ“?,i8§rﬂﬂt9§’é§'9ﬁg?e%éﬁf’a‘ataﬁﬁt% 'PEQQFC%‘ngB??(ﬁ?%'Pnt he

talyst w . | | - : !
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fuel having an autoignition tenperature |less than the first tenperature
and cont ai iftge Ifeed intorafigstoolefip predugts ubhe edigengaging zongn istthe RFBIRNs Ul f ur

A T L R e SR e e
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additionally contacting the feedstock in a reaction zone with said
oxygenat e tpositlosieidrbetaieendhainletl zone and the/disengagingizognesai d heat ed
g?g?! %Sltor O([ﬁaijff Sf? | tb%@%nﬂr}cv%% il)Xere}a eg gvaei)troéegg o(ra%qa tir?g(;:ifa\ni cwe%nan
product from an oxygenate feedstock in the presence of an oxygenate to
olefin molecular sieve catalyst which comprises:
a) contacting at least a portion of the catalyst with a regeneration
medium in a regeneration zone;
b) heating said regeneration zone to a first temperature of at least
225°C (437°F), e.g., at least 260°C (500°F),
c) feeding to said regeneration zone a heating fuel having an
autoignition tevmperature less than the first temperature and containing less
than 500 wppm sulfur, e.g., less than 100 wppm sulifur, and less than 200
wppm nitrogen, e.g., less than 100 wppm nitrogen, thereby causing the
heating fuel to ignite and provide a heated catalyst; and
d) circulating said heated catalyst to the reaction zone; and
e) additionally contacting the feedstock in a reaction zone with said
oxygenate to olefin molecular sieve catalyst including said heated catalyst,
under conditions effective to convert the feedstock into an olefin product
stream.
[0013] In one embodiment, the olefin product stream comprises C,-C,

olefins.



[0013] In one enbodi nent, the ol efin product stream conprises C2-C3

ol efins. WO 03/099747 PCT/US03/ 12723 -6 [0014] In still another enbodi nent
of the i nwensi®mTt47t he conditions enployed are effective taTfusnsn2723

car bonaceous deposits on the catalyst. [0015] In still another enbodi nent,
the catalyst is heated to at |least 316C (600F) in the regeneration zone
prior to the step of feeding the heating fuel. [0016] In yet another

enbodi ment of the invention, the regeneration zone has a fuel inlet and an
air inlet capable of providing an airflew through the regeneration zone,

| ocated upstream fromthe fuel inlet in relation to direction of the

airtlow anpohip Prafesf 'Mdter SABINERE SLing RRSASRO R, il fue

with an air*s m from sai frcient heat

content W tdiploybd aregffectivd tmrmbb@aﬁﬁw de;idsﬁitsfdrfth'e datalpstt at ure at or
near the fuel inlet and (2) feedi ng t he heating fuel through the fuel
inlet. [001@P16h stllmstdlnaﬂﬁ@ereem ediment, theycatalyst |Sn§eat9@| te@bllogst a

car penaceous e ety ol She ok SPND P15 BT ST SBIRL Y ©

greater th%ﬁm@%eﬂszc (900F). [0019] In anot her enbodi rrent, t he process
of the invention further conprises filling the regeneration zone with the
cat al yst t doa1t 6]3ve| I8 uyéti ahehhemembcdimntseﬁ the Limreritimhettheetfe@eeeta*iwn

feeding t nedneshang HELMEEd BpHikmietciamanis of Brddiied atarleydoroiemoze) 1
1T et e chbelsail oy R ) AR i AT
316C (600F)du[eQﬂaﬂn]ofltheaanfftdverarmbmlpmss fuhlaeheartnlpngeé &) combastingai d
fuel. starting fuel with an air stream from said air inlet thereby imparting sufficient

heat content within the regeneration zone to obtain the first temperature at or

near the fuel inlet and (2) feeding the heating fuel through the fuel inlet.

[0017] In still another embodiment, the starting fuel employs a

carbonaceous gas, e.g., natural gas.

[0018] In yet another embodiment of the invention, the starting fuel has

an autoignition temperature of greater than about 482°C (900°F).

[0019] In another embodiment, the process of the invention further

comprises filling the regeneration zone with the catalyst to a level sufficient to

cover said fuel inlet before the combusting step (1), and adding additional

catalyst after step (2) of feeding the heating fuel, to provide additional heated

catalyst.

[0020] In still another embodiment, the catalyst is heated to at least

316°C (600°F) in the regeneration zone prior to the feeding step (2).

heated to at least 316°C (600°F)
[0021] In another embodiment, the heating fuel is a liquid fuel.
[0022] In still another embodiment, at least 50 wt% of the heating fuel is

a C,,-C,, hydrocarbon fraction.



[0022] In still another enbodinment, at |east 50 wt % of the heating fuel is
a Cl1-C20 hydrocarbon fraction. WO 03/099747 PCT/ US03/12723 -7 [0023] In
anot her ewbedioseamt, at | east 75 wt% of the heating fuel | ®ca/usCii7eP0
hydrocarbon fraction. [0024] In still another enbodi ment, at |east 85 wt%
of said heating fuel is a Cl1-C20 hydrocarbon fraction. [0025] In another
enbodi nent, at least 75 wt% of the heating fuel is a Cl2 Cl19 hydrocarbon
fraction and further said heating fuel bas an autoignition tenperature
rangi ng from 232-271C (450-520F) and contains |ess than 10 wppm sul fur and

| ess than 10 m nitrogen. [0026] In yet anqfher_ e di pent, at |east 75
wt % of the [ﬁ@gg ng fln@nqtker gmbpdirpentcag '?ﬁﬁﬁr&%%oﬁr’?)ﬁ}eagg?mﬂ fuejgea 1 n
anot her e di t wt % of the heating fuel is a Cl2 to Cl4
hydr ocar bo W'rd;?gﬁ}'%rno.actaf%%gg%cﬁ@n'sti || anot her enbodi ment, the reaction zone
i's cool ed lgosapam Ih etikehbfier dridGfinent eddids wthasfisadhealife fuetaet i on

zone conprises ‘a riser. [0030] In yet another enbodiment, the reaction
zone conpr is@s-EGl nyarocarbesfeactipp03i] In still yet another enbodi ment, the

caralyst caiiRbEos. 1R inciner emepapReaof 55 oRAR IR BPeR TRl an 5.0

Angstrons. d 0%3]%&%(:%?66& fragfioR Bk TaFth&MEadi HElihg fUBPhES M XHbidHRMBH | Ses

at | east oné nblécular sieve framework-type sel ected fromthe group

consi st i ng tefmpeffiure AFAQINGRGM AIRP-2ATG (4509:520/) aBd IKonGAiSs ledd/thaGHI0, DAC,
DDR, EDI, ER, GOO, KFl, LEV, 4& LTA, MON, PAU, PH , RHO ROG THG,
ZSM 5, zsmwppreapliunand dogschain 105npRMBIroRRAPSO and subst i t ut ed

[0026] In yet another embodiment, at least 75 wt% of the heating fuel is

a C,, to C,¢ hydrocarbon fraction.
[0027] In another embodiment, at least 75 wt% of the heating fuel is a

C,, to C,, hydrocarbon fraction.

[0028] In still another embodiment, the reaction zone is cooled by steam
injection.

[0029] In another embodiment, the reaction zone comprises a riser.
[0030] In yet another embodiment, the reaction zone comprises plural
risers.

[0031] In still yet another embodiment, the reaction zone has two risers.
[0032] In yet another embodiment, the catalyst comprises molecular

sieve having a pore diameter of less than 5.0 Angstroms.

[0033] In still yet another embodiment, the catalyst comprises at least
one molecular sieve framework-type selected from the group consisting of
AEl, AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR,
EDI, ERI, GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG, THO,
ZSM-5, ZSM-4, SAPO-34, SAPO-17, SAPO-18, MeAPSO and substituted
groups thereof.

[0034] In yet another embodiment, the catalyst comprises a molecular

sieve having a pore diameter of 5-10 Angstroms.



groups thereof. [0034] In yet another enbodi nent, the catalyst conprises a
nol ecul ar sieve having a pore dianeter of 5-10 Angstrons. WO 03/ 099747
PCT/ USO3/Wd 02899748 [ 0035] In still yet another enbodi ment pcrhwsossdras yst
conprises at |east one nolecular sieve franework-type selected fromthe
group consisting of MFI, MEL, MIW EUO MIT, HEU, FER, AFO AEL, TON, and
substituted groups thereof. [0036] |In another enbodi nent, the heating step
(b) occurs before the contacting step ge). [0037] In still another

enbodi ment, the heating step (b) occurs®-concurrent with the contacting
step (e). [0038] In yet another enbodinent, first contacting step (a)
occurs bef onoe35¥ he Hheadtilingetsargthebemtjdildeht, Ithestathlystwohipeises rdtodasent ,

t he heating fuel contains |less than 10 WPDWI e.g., less than 5 Mppn%

sul pher andonesroleadar BV fiRMewek-type selectechrosn R rgroHpt sNESAING[ 0040] | n

yet anot her | t i ti,en r t o) d | heat
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cat al yst reé}@,[]sgqﬁérgaf_zone wherein catalyst is cycled fromthe reaction

zone to the regeneration zone and fromthe regenerati on zone to the

reaction Z0086]t he Inmarnther emhadimeant, the teadtingnstepaltal geaurs hefore the

regeneration zone i tpe presence of an oxygen containing gas; heating the
ngReds)

catal yst i qum%Ct ion zone to a first tenperature; introducing a
100 wppm ot PPEEL"or M, il ARbHer Jen R e e heSing P ) BecliR S an
aut oi gni t i agoricaneat aithitke goatdatingtstem(é)he fir st

[0038] In yet another embodiment, first contacting step (a) occurs before

the heating step (b).

[0039] In still another embodiment, the heating fuel contains less than 10

wppm, e.g., less than 5 wppm, sulpher and less than 10 wppm, e.g., less
than 5 wppm, nitrogen.
[0040] In yet another embodiment, the invention relates to a method of
adding heat to a reactor system having an oxygenate to olefin reaction zone
and a catalyst regeneration zone wherein catalyst is cycled from the reaction
zone to the regeneration zone and from the regeneration zone to the reaction
zone, the method comprising:

fluidizing catalyst in the regeneration zone in the presence of an
oxygen containing gas;

heating the catalyst in the regeneration zone to a first temperature;

introducing a heating fuel into the regeneration zone wherein the
heating fuel has about 100 wppm or less of sulfur and has about 100 wppm
or less nitrogen and an autoignition temperature greater than the first
temperature but no greater than about 482°C (900°F) to provide a heated
catalyst; and

provide the heated catalyst into the reaction zone.



tenperature but no greater than about 482C (900F) to provide a heated

catal yst; and provide the heated catalyst into the reaction zone. WO

03/ 09974 AWB@3H¥808/ 12723 -9 [0041] In yet another enbodi memtuses/ 147k

i nvention described inmmediately above, the process further conprises:
contacting the catalyst wth an oxygenate feedstock under conditions
sufficient to convert said oxygenate to an olefin-rich product. [0042] In
still another enbodi ment of the invention described inmmediately above, the
i nvention further conprises the processgwherein said heating fuel contains
a total of no greater than 20 wppm of netal selected fromthe group

consi st1 g g el ks Vallaghat™ chiRheh VP 1RO B oG Eleq | e

i nvention r s to a process Inrtia I ncreasi ng the enperature of
a reactor Syfrh&diatedy am@leenm@rpr@éﬁs mnrmmd@mfméés)rwrnaomg;eh@tcatéweldstock
in the presence of an oxygenate to olefin nolecular sieve catalyst which
process corvplthsafs omeo@ &Qd&ﬁ@cﬁtuﬂdﬁscomlw?z issifficient; ke eomvertysaidii th a
regeneration ner n zone; b) heating said regeneration
zone to a f‘?’?ygfen? ez?rbf’%f ol 225C (437F), c) feeding to said
regener at i qooagye alﬁeaétlllngaﬁd{ﬁér hél'ﬂtﬂﬂjnﬁant gk Ot tihhticPNP@e&irpeR | ess
than the first tenperature and containing less than 100 wppm sul fur and

| ess than iffnediptelnabowgehe inventeimyfucthes comprises the arocessf weereiro saighi t e

and provide a heated cat al circulati said heated c taI yst to
the reacti digatipgel ue fo8tain aa‘ﬁﬁﬁﬁﬁgr” r%%%ﬂeﬁé'ﬁ?"%% YREM Hgmﬁt?'oﬁ elgesd i bed

I mredi at el process which further
conpri ses: *ﬁmﬁgﬁ{"‘g@ﬁg‘?ﬁ&%‘?@g& ng stock in a reaction zone with
sai d [0043] In yet another embodlment the |nvent|on relates to a process for

initially increasing the temperature of a reactor system for making an olefin
product from an oxygenate feedstock in the presence of an oxygenate to
olefin molecular sieve catalyst which process comprises:

a) contacting at least a portion of the catalyst with a regeneration
medium in a regeneration zone,

b) heating said regeneration zone to a first temperature of at least
225°C (437°F),

c) feeding to said regeneration zone a heating fuel having an
autoignition temperature less than the first temperature and containing less
than 100 wppm sulfur and less than 100 wppm nitrogen, thereby causing the
heating fuel to ignite and provide a heated catalyst; and

d) circulating said heated catalyst to the reaction zone.

In still another embodiment of the invention described immediately
above, the invention comprises the process which further comprises:

e) additionally contacting the feedstock in a reaction zone with said
oxygenate to olefin molecular sieve catalyst including said heated catalyst,
under conditions effective to convert the feedstock into an olefin product

stream.



oxygenate to ol efin nol ecul ar sieve catal yst including said heated

catal yst, under conditions effective to convert the feedstock into an

ol efi n prwowsmye7gt ream WO 03/099747 PCT/ US03/ 12723 -10 [pe@A%)3/Titese and
ot her advant ages of the present invention shall becone apparent fromthe
foll owi ng detail ed description, the attached figure and the appended
claims. BRI EF DESCRI PTI ON OF THE DRAW NG [ 0045] The Fi gure provides a

di agram of a reactor apparatus conprising a high velocity fluid bed with
catal yst recircul ation, and a regenerat™®-having an inlet for introducing
a heating fuel for initial heat-up of the reactor. DETAILED DESCRI PTI ON OF
THE | NVENTI[0biabP046]THasenahad otV advahgesneerihe opredentxingentive $testidst ock
to olefins is an exothermic reaction. Once initiated, the reaction can
sustai n i t dsdomevappatent fiieen dlaelfollawing fdedaitest descripian. theadadhed figwiee are
certain circ {@tances i,n which is it necessary to add heat to the
reactor/regaé'ffg gppendediGlaiMS ove that generated by the conversion of
oxygenate feedstock to olefins reaction. Exanples include initial dry-out
of the refrgRigr PEICRIFIION OFt TBEISRAVANGNd regenerator system initial
preheati ng of —the reactor prior to (ntroduction of the oxygenate

f eedst ock, [@045h=i ntTaienfigyre pemidema dizgrper af areactor appacsias comprisingut ages
of the oxygenate feedstock. [0047] . The, process of the present invention
acconpl i sh&hlgt‘ﬁ %e'B?'tyah'dfpﬁbeo[ pr(%aéﬁ@ﬁE E‘?C"ﬁH%ﬁ'of‘oaPﬂ@ Fe&fé}?é?tgf SRV ¢ he
addi ti on of_.a ' | ' & yi i f catal yst.
The f1 ui di z?'ﬂ'g”t'bgﬁ"l @989?@@3% ﬁgg@ 5“5%*@‘8?&'9&%4‘2%%‘?% '%%gg’?‘ the heating
fuel. The fluidized catalyst particles are well m xed and have sufficient
heat capacity to evenly distribute the heat generated fromthe conbustion
of the heating fuel throughout the fluidized bed in the regenerator,
resulting in a relatively uniformtenperature within the

DETAILED DESCRIPTION OF THE INVENTION

[0046] As noted above, the conversion of oxygenate feedstock to olefins

is an exothermic reaction. Once initiated, the reaction can sustain itself
without the addition of external heat. However, there are certain
circumstances in which is it necessary to add heat to the reactor/regenerator
system above that generated by the conversion of oxygenate feedstock to
olefins reaction. Examples include initial dry-out of the refractory linings of
the reactor and regenerator system, initial preheating of the reactor prior to
introduction of the oxygenate feedstock, and maintaining reaction
temperature during short-term outages of the oxygenate feedstock.

[0047] The process of the present invention accomplishes this by adding
supplemental heat to the regenerator by the addition of a heating fuel directly
into the fluidized bed of catalyst. The fluidizing air provides the oxygen for
the combustion of the heating fuel. The fluidized catalyst particles are well
mixed and have sufficient heat capacity to evenly distribute the heat
generated from the combustion of the heating fuel throughout the fluidized
bed in the regenerator, resulting in a relatively uniform temperature within the

regenerator bed. In one embodiment, this hot catalyst can be circulated to



regenerator bed. In one enbodinment, this hot catalyst can be circulated to
WO 03/099747 PCT/ US03/ 12723 -11 the reactor, where heat fromthe catal yst

i s transfwoneddre7 t he reactor. The catalyst cools as it Pcowsod/ie7esigh t he
reactor, and is then returned to the regenerator where it is re-heated.
This met hod of addi ng heat can be used to dry refractory in the reactor,
to preheat the reactor prior to addition of the oxygenate feedstock,

and/or to maintain reaction tenperature during outages of the oxygenate

f eedst ock. [0048] The heating fuel nmust!lave certain critical properties to
be useful in the process of converting oxygenates to ol efins. The

aut oi gni ti Qe rbaower where heus frobethectatalyet iy tlaneferredl tir e eeadtibran Takout
454C (850F), in order to facilitate ignition of the heating fuel, and to

ensur e t hatcatalgst coelsuas itbflows Ithraugh Hie exastaguarthdsl then ralireedde the a | ow

tenperature_ _excursion, Also, | st ha I ! ' ont ent,
to prevent rgg%nerialthrr\gﬁﬁr& it @nreé?éqtggsth'édﬁgm%\r,é\ffégs&#%h?ﬁfgc%@éﬁ%gp t@r

pr oduct remz%ﬁabfow in théNeab@rt id1rdHeit thareaettrbribriet additionwrithees (for
exanpl e, nickel and/or vanadium in anounts no greater than 100 wppm t ot al
met al s, pr eixggabate feedstpckasard/ot tramaditaimpreaction d&mpetaiuee durng optagesr r ed
enbodi nent, t he heati fuel can be a normally liquid fuel, e.g., a

hydr ocar bor?ié'é%8§yg‘?’éﬂr}g(fe?é§f’9k'[0049] VWhen converting oxygenates to a |ight

ol efin projigiel N 2TheAtlMling BBPRIAL HvE QBRGISLAAR pldpdrtied fibBALeR

catal yst and a “regenerator for t catal yst, le to1nitiate
operation o thee mppessitaofs copvértiagi ogydéreates etctalefimeid ddiealausodighitioan
operating tenperature prior to addition of oxygenate feedstock. _The
process of temeeprtueemust beeipiatyglyalovoin pegater tansaboutAxhe &aba) iBnt, by
heating the r e.atl A ust | t [ fierably a
gaseous caPbifadborti o0fiaRof P i Tueh dhd 00 cile fiaF ARV Y,
stream at QombUstibRaWilPIndt Nse r@gibaalshbar irtithe i &Veait. of\ a powt terparatirge

oxygenate %?(g\dresrigr;.ozls?oéti? lm)(JSsE hia\?e {ilodvsC/]I esglfhp a;\Q enitrrc?ggeenngcrn?tteing r]to prevent the
introduction of these contaminants to the catalyst or product recovery train.
The heating fuel can contain metal impurities (for example, nickel and/or
vanadium) in amounts no greater than 100 wppm total metals, preferably no
greater than 20 wppm total metals. In a preferred embodiment, the heating
fuel can be a normally liquid fuel, e.g., a hydrocarbonaceous liquid fuel.
[0049] When converting oxygenates to a light olefin product in a reactor
apparatus comprising a fluidized bed of catalyst and a regenerator for the
catalyst, it is desirable to initiate operation of the apparatus by heating the
reactor and catalyst to an operating temperature prior to addition of
oxygenate feedstock. The process of the present invention accomplishes this,
in one embodiment, by heating the regeneration zone by combusting a
starting fuel, preferably a gaseous carbonaceous fuel, such as light gas or
natural gas, with an air stream at or upstream of the regenerator air inlet. A
portion of the oxygenate conversion catalyst is added to the regeneration
zone to a level sufficient to cover the fuel inlet of the regenerator. In one

embodiment, the catalyst in the regeneration zone is heated to a temperature



zone to a level sufficient to cover the fuel inlet of the regenerator. In
one enbodinent, the catalyst in the regeneration zone is heated to a

t enrper at LWwe V37 099747 PCT/ US03/ 12723 -12 of at | east 2P29@SoFi7s3 i nparts
sufficient heat content within the regeneration zone to initiate and
sustain ignition of a heating fuel that is then introduced at a rate
sufficient to achieve a tenperature sufficient to convert oxygenate to

ol efins upon contact with the catalyst. In one enbodi nent, the heating fuel
is anormally liquid fuel conprising @lZil-C20 hydrocarbon fracti on having
an autoignition tenperature | ess than 482C (900F) and containing Iess than

200 prm Sué]ﬁé&rleﬁﬁﬂzi% ?H%Wn‘?@%@%ﬂ&éﬁtr%%&%rﬁ'\ﬁiﬁm%r

(S or heat i ng fuel ed through the regenerator fue |nIet tothe
heat ed r egeztmeato imitiate ramdesibtaigrigniien wf deeatimgr fopt thet és trmmpletraduc@d at

conditions in the regenerat?l resultln in h tlng of the cataly
Addi ti onal @ ¢ateapyticienidoae VG tempsE Wq RUGiend ﬁtqweftlﬂygﬁga%&ed to

the heated oLAgenRrA'lMadqith %@a&%&él’lln e BEBLAMGA Mo/ Alatisy e §0 2t e

to the reac?l on one. I'n one e nt 't cat al yst

heats the rgamriveily lztfui¢ ful eompasihgoa G try/dpstbon eraftiont haviagtard16C
(600F) which is suff|C|ent to effect catal §/t|c conversi on of oxygenates to

ol efi ns. Qruteigition temn@ratmealeﬁtthan 43%"@ &QQ°F&>rarwoﬁ@ntam"@g less thanl back
z 005 £ESS, Q odinent. a feed,

Lol i ne oot Bl <% ang ek Pan ShdwiorR! B S 2, heR ] PetRo e’ or o

reaction ZO('SeorVI"‘I)t hrhet h‘é@ﬁlﬁb%&él %t fél:f ft%hbﬁethlér RERTeraePduEl Pt ROtHRS tO
produce a product including” light olefinS. These process conditions

I ncl ude an feddtedt iregenematienarzane, angdr égisitese, UNIKSV Jppeopriateh demperatpeece
of di 1 uent , et nelia fraseition. Tesgioohchrad offie St cbeciBRal L ons
s i i 68 i OTA PR ol b0, S
fillers, etregeneeationczored. €khet msudmtgabeatebecatalyst is circulated to the reaction
zone. In one embodiment the circulation of the catalyst heats the reaction
zone to a reaction zone temperature of at least 316°C (600°F) which is
sufficient to effect catalytic conversion of oxygenates to olefins. Optionally,
the catalyst in the reaction zone is circulated back to the regeneration zone.
[0050] In the process of one embodiment, a feed, including an
oxygenate and any diluents, is contacted in a reactor, or a reaction zone, with
a catalyst at effective process conditions so as to produce a product including
light olefins. These process conditions include an effective temperature,
pressure, WHSV (weight hourly space velocity), gas superficial velocity and,
optionally, an effective amount of diluent, correlated to produce light olefins.
These process conditions are described below in detail.
[0051] Desirably, the rate of catalyst, comprising molecular sieve and
any other materials such as binders, fillers, etc., recirculated to contact the
feed is from about 1 to about 100 times, more desirably from about 10 to
about 80 times, and most desirably from about 10 to about 50 times the total

feed rate of oxygenates to the reactor. Desirably, a portion of the catalyst,



feed is fromabout 1 to about 100 tinmes, nore desirably fromabout 10 to
about 80 tines, and nost desirably fromabout 10 to about 50 tines the
total fewoosave4nf oxygenates to the reactor. Desirably, paTpsos/iom of the
catal yst, WD 03/099747 PCT/ US03/12723 -13 conprising nol ecul ar sieve and

any other materials such as binders, fillers, etc., is renoved fromthe
reactor for regeneration and recirculation back to the reactor at a rate
of fromabout 0.1 tinmes to about 10 ti , hore desirably from about 0.2

to about 5 tinmes, and nost desirably frioh about 0.3 to about 3 tinmes the
total feed rate of oxygenates to the reactor. [0052] The tenperature useful
to convert apoyprisiag éeoleoular gleveoard jany othar majedals rsughvasi bi dfillggpendi ng,
at least in ,part, on the catalyst, the fractipn of regener catalyst in
a catal yst §iFxttireMoyrd frem tESHFPSWQPT sragiera '%_apga@ggF&Qﬁéﬁﬁjﬁcgstoand t he
reactor. AlhBoughot BEaRaRSG o BNt 0N tirnes i8tabolit 10 tififbst thateRi&sirhBly! ar
tenperature, best results are obtained It the process Is conducted at a

t enper at ur drdrn @ioal 02 to3difdlittsatirabs,uand AdSt désisablpiioyn Bbout 0.840wbodt8C t o
about 600C, and nost desirably from about 316C to about 500C. Lower

t enper at ur dingfethe totalfeed saterofioxygenglestathe reactPkacti on, and the

formition fghgaprl ! %ed?esrhg%%ttdleﬂﬁgngeﬂll 38 Eof! Ui GohaiBL 5@ highd SRR

mar kedl y sl However, eratures gre ere1s the

possi bi | i t Wafieat ovdreanwideetmgel hépémi_lin%,oétnlédstdﬁt partmoArthencatalyst,i et
olefin products, and the rate at which coke and light saturates formon
t he cat al ydtactivocfrregenerated gatalysd i%a)catalypt mivters, gadihe condgriationt ofough

e udi ng. BEISABPr APRRE 200 e Teagehe altiouRndB eSS ARt o
o about 34 TISs S o o0 L a0 ahot 500 kPa. The
f or egoi ng woedsateskatdn temperaturelfraie abioat 306°G taiaboeh?009G, dasyrablyrfiomef er to
the parti alab%ru?%sﬁ'é(’& tgfabtor&? 600°C, and most desirably from about 316°C to about
500°C. Lower temperatures generally result in lower rates of reaction, and
the formation rate of the desired light olefin products typically become
markedly slower. However, at temperatures greater than 700°C, there is the
possibility that the process will not form an optimum amount of light olefin
products, and the rate at which coke and light saturates form on the catalyst
becomes too high.
[0053] Light olefins will form--although not necessarily in optimum
amounts--at a wide range of pressures including, but not limited to,
autogeneous pressures and pressures from about 0.1 kPa to about 100 MPa.
A desired pressure is from about 6.9 kPa to about 34 MPa and most
desirably from about 20 kPa to about 500 kPa. The foregoing pressures do
not include that of a diluent, if any, and refer to the partial pressure of the
feed as it relates to oxygenate compounds and/or mixtures thereof. Typically,
pressures outside of the stated ranges are used and are not excluded from
the scope of the invention. In some circumstances, lower and upper

extremes of pressure adversely affect selectivity, conversion, coking rate,



feed as it relates to oxygenate conpounds and/or m xtures thereof.
Typically, pressures outside of the stated ranges are used and are not

excl uded womsn9d7e scope of the invention. In sone circunpcanisesi27bower and
upper extrenmes of pressure adversely affect selectivity, conversion,
coking rate, WO 03/099747 PCT/US03/ 12723 -14 and/or reaction rate,;

however, light olefins wll still formand, for that reason, these
extrenes of pressure are considered part of the present invention. [0054]
The process of the present invention i-d4continued for a period of tinme
sufficient to produce the desired light olefins. A steady state or sem -

steady st ata‘?nd%ror‘é%ﬁbﬁ”ﬂaféf HoWH%r Ol iohsFirisswilt tal fopil sndlUb EHattrehsomer i od

of time, largely determ ned by the reaction tenperature, the pressure, the
catal yst ske¢seddemebof presswre afe considerddaparnt oﬁpmpre@anhimventlom he | evel of
regeneratiqn t he i ght hour | rficial. velocity,

| i
and ot her $@0%4k ed Pd?;'8§§5%ié’§¥rb‘?1gace i OCI“Q%l'Escon |BB§§]forAa\Healgd Fnge of
WISV S TOT tifie s af@é%ern%gxsanxs&ﬁé ﬁreathwef.rgef Agigagy B0t gt ot
0 e er wei gh I

oxygenate t reaction zone our ecular sieve in

the cat al ysteddy étate pesitiction delght ofefins tis attainiable ﬁthneng fhie peribd iofitiemd,i on.
The total oxygenate to the reaction zone includes all oxygenate in both
the vapor dargely determineddy e ﬁQﬁ@Wnt tesnRRIEtHIg s theyPressureo feicatasither

|'s which | at ed
ot g ont y SRt e tmp IR o reclr ke ot HGEE 1he, iuel O tegeherbifort !, o
zone. The W%@Wé@mdﬁéumaebac@Ivarbcﬂpou@ﬂs@;serﬁaenwbany h@n@aﬁr@éryﬁlectea a

fluidized state under the reaction conditions and within the reactor
confi gur at |pmm%8sohemgm ghara@erm’t@rsly, the WHSV is fromabout 1 hr -' to

Gostr abFSO?«-»F%ﬂ aboth v farige, 6 TS ish e o BsfAR baiFachencily ™'
met hanol , HE& Ry wéﬂg@%f t &l &yge‘r‘n%?étd M RRktioh asnwa%y Htog.rggg W@Oy at

| east about 0 hr* nore desirably from about 20 0 hr'
of molecular sieve in the catalyst in the reaction zone, function with the

present invention. The total oxygenate to the reaction zone includes all
oxygenate in both the vapor and liquid phase. Although the catalyst often
contains other materials which act as inerts, fillers or binders, the WHSV is
calculated using only the weight of molecular sieve in the catalyst in the
reaction zone. The WHSV is desirably high enough to maintain the catalyst
in a fluidized state under the reaction conditions and within the reactor
configuration and design. Generally, the WHSV is from about 1 hr *! to about
5000 hr ', desirably from about 2 hr to about 3000 hr', and most desirably
from about 5 hr' to about 1500 hr'. For a feed comprising methanol,
dimethyl ether, or mixtures thereof, the WHSV is desirably at least about 20
hr' and more desirably from about 20 hr' to about 300 hr.

[0056] Oxygenate conversion should be maintained sufficiently high to
avoid the need for commercially unacceptable levels of feed recycling. While
100% oxygenate conversion is desired for the purpose of completely avoiding
feed recycle, a reduction in unwanted by-products is observed frequently

when the conversion is about 98% or less. Since recycling up to as much as



[ 0056] Oxygenate conversion should be maintained sufficiently high to

avoid the need for comrercially unacceptable |evels of feed recycling.
Wil e 1088000m99genat e conversion is desired for the purpogeTaSozmrpd et el y
avoiding feed recycle, a reduction in unwanted by-products is observed
frequently when the conversion is about 98%or |ess. Since recycling up to
as much as WD 03/099747 PCT/ US03/ 12723 -15 about 50% of the feed can be
comercially acceptable, conversion rates from about 50% to about 98% are
desired. According to one enbodi nent, - 1®onversion rates are naintained in
this range -- 50%to about 98%-- using a nunber of nmethods famliar to

persons of ik sy §KtHe fédl AR @étoonﬁﬁémaél@sacwmbyrée cOPWErSREIE ratels

necessarily limted to, adjusting one or noré of the fol | ow ng: reaction
t enper at ur é;orpraimﬂrﬁ@%ftbwbmﬂt%%megietSIFBdurAcherngetO ope@mhadiment,or gas

superficial velocit %t,e cat al re uI ation r ; o @P ar at us
confi gur at |Q9ﬁ"efsé%¥ SR U lpe %F—fﬂ’% tt?@ﬁ’ %/ N9 i qui d

f eed | at t; f
eed relatiyadg tif%%fhgfsefémlﬂéﬂé?er%né %?IOF%%% ap?rgrtﬁélé EXSAPRE. O

catal yst regeneration; and ot raneters ct the conversion.

[0057] Duriingudée bubrarer adoneoéssaxijygdintteds td, oadjusting aref ionsmorec @f btheaceous
deposits accumul ate on the catal }/st used to pronote the conversion
reaction. Aellwng: pseaation trmpefa léfeu;Pr@‘-’rs%'ﬁeiléwcéﬁtﬁowgbbé‘ouﬂ)épiﬁoﬁs

causes a red tlo the ¢ it I t

oxygenat e & ai‘?@ﬂﬁtg%ﬁ éﬁB%SJCIaAtyetkﬁé'tgs pg?{rﬁr\}&t%é rgfél? {5 %f‘e{ sre;a}a& " al | y
deacti vat egapp\é%usac&mg@mﬁin Gaactd configarationn Yesd c@mpwtmn@moam &fn

ol efin produ the catalyst is considered to be fulﬁdy deactivated. As a

step in tHiquis feseselative tm%p@'s@ﬂd iamauntiafreciicyatad eatadyst;tdrgreatefl yst i s
W thdrawn fr mthe re%gior a rat us_an ortion of the portion

renoved fr&RH3 Yﬂe’egg%f jon; an é? qraargme ?fsﬁmmﬁahﬁﬁt t%lee%WSFsé?%d in a

E9oTETPAOIORY | SERIRRLINY, peRidT | Bpocbeg oo ngRoLaetieger

of the cat &byMnauddmdr deposits accumulate on the catalyst used to promote the
conversion reaction. At some point, the build up of these carbonaceous
deposits causes a reduction in the capability of the catalyst to convert the
oxygenate feed to light olefins. At this point, the catalyst is partially
deactivated. When a catalyst can no longer convert an oxygenate to an
olefin product, the catalyst is considered to be fully deactivated. As a step in
the process of the present invention, a portion of the catalyst is withdrawn
from the reactor apparatus and at least a portion of the portion removed from
the reactor is partially, if not fully, regenerated in a regenerator. By
regeneration, it is meant that the carbonaceous deposits are at least partially
removed from the catalyst. Desirably, the portion of the catalyst withdrawn
from the reactor is at least partially deactivated. The remaining portion of the
catalyst in the reactor apparatus is recirculated without regeneration. The
regenerated catalyst, with or without cooling, is then returned to the reactor.
Desirably, the rate of withdrawing the portion of the catalyst for regeneration

is from about 0.1% to about 99% of the rate of the catalyst exiting the reactor.



fromthe reactor is at |least partially deactivated. The remnai ning portion
of the catalyst in the reactor apparatus is recircul ated w thout

regener atwon3/0d41e7 regenerated catal yst, with or w thout eowhisng12723 t hen
returned to the reactor. Desirably, the rate of withdrawing the portion of
the catalyst for regeneration is fromabout 0.1 %to about 99% of the rate
of the catalyst exiting the reactor. WO 03/099747 PCT/ US03/12723 -16 More
desirably, the rate is fromabout 0.2%to about 50% and, nost desirably,
from about 0.5%to about 5% [0058] Accéding to an errbodl ment, the
catalyst is regenerated in any nunber of nmethods -- batch, conti nuous,

sem - cont i rVieres de@irably; otiiel Fetei isn fronheateait . 0.2t tonaboat csm%,l wet, most
regeneration is a desired nethod. Desirably, the catalyst is regenerated
to a | evel dgsirablysifiormgbeuk@ S thab@dihi%0. 01 wt % to about 15 wt % of the

be. Prom abd5Ehs0 AsotBao A MK ARIE itk ERTATSC BshErBEA S Hiobont ¢
725C. The dpRB&" 8f Hethods thﬁat&ﬁgé&@trrmo% gamikentMdus)|drasl chnbiritidv N9

excess heat. Desirably, catalyst regeneration is carried out at |east
partial |y dbereofvaCentinumtsatatalyst hegerexstibrds as desipgk thethodosDesifablgadi | y

bl t Stri tripp hanb
first Thi heeatamy rearmetedlhA o obsepRiina eRedia shonb SR M her e
spent cat a'téf%boﬁi 18W164 6Yﬂ}ﬁe‘ﬂe',%w8pﬁ{eaéé{£ﬁet Gases suitable for stripping
argon

I ncl ude steam nitrogen hane, C02, CO, hydrogen, and

m xtures teos9f . ATmeefcetalym gEeneratict eempef‘atsrélmlrdwd s dom ehboutt y
(GHSV, based on volune of gas to volune of catalyst and coke) of the

strippi ng #89°¢CdorakautalRAit, end desirably framoakoutb@BE ey abeutel?Sakt dhe
e a4 B0 B R AU el BT et el 0
for Convertné!ﬂra@wg@natyes régendraidh i®lcafits oettogastaphriatly ideeictivated an
oxygenat e. used herein, the term
catalyst that has been stripped of most of readily removable organic materials
(organics) in a stripper or stripping chamber first. This stripping can be
achieved by passing a stripping gas over the spent catalyst at an elevated
temperature. Gases suitable for stripping include steam, nitrogen, helium,
argon, methane, CO,, CO, hydrogen, and mixtures thereof. A preferred gas
is steam. Gas hourly space velocity (GHSV, based on volume of gas to
volume of catalyst and coke) of the stripping gas is from about 0.1 h” to
about 20,000 h™. Acceptable temperatures of stripping are from about 250°C
to about 750°C, and desirably from about 350°C to about 675°C.
[0060] The process of the present invention for converting oxygenates to
light olefins employs a feed including an oxygenate. As used herein, the term
“oxygenate” is defined to include, but is not necessarily limited to,
hydrocarbons containing oxygen such as the following: aliphatic alcohols,
ethers, carbonyl compounds (aldehydes, ketones, carboxylic acids,
carbonates, and the like), and mixtures thereof. The aliphatic moiety
desirably should contain in the range of from about 1-10 carbon atoms and

more desirably in the range of from about 1-4 carbon atoms. Representative



"oxygenate" is defined to include, but is not necessarily limted to,

hydr ocar bons cont ai ni ng oxygen such as the follow ng: aliphatic al cohols,
et hers, osobemyd74Tonpounds (al dehydes, ketones, carboxyl i ecaaisds12723
carbonates, and the like), and m xtures thereof. The aliphatic noiety
desirably should contain in the range of from about 1-10 carbon atons and
nore desirably in the range of from about 1-4 carbon atons. Representative
WO 03/ 099747 PCT/ US03/ 12723 -17 oxygenates include, but are not
necessarily limted to, lower straight-thain or branched aliphatic

al cohols, and their unsaturated counterparts. Exanples of suitable

oxygenat es oéxyglendtes ipgluder Butate notresessarily limited ¢l lowet Iserafghit chaimor
met hanol ; et hanol; n-prop anol i sopropanol ; C4 - Cl10 al cohols; nethyl ethyl

ether: di mabrlaylph%d pbiphatig %'Pﬁ?P'Se?ﬁérthekﬂ|Un§§(§ﬁ5?@ﬁy4°l€tt%@aﬂsrr€?<ﬁmp g%t e;

o el oy 02 SRt DA S M R RaFY BB S 86 HRaEnY,
s sel ect §lefHaA); tétﬁaabptmpfdbwoﬂit |ls6§rdyan61at¢);lncmt1, @Ib@@élbyhe@hweéth?nd
m xtures thereof. Mre desirably the oxygenate is nethanol. The tofal

charge of fethdr, timethyl rethet;odieAyaethers didsopropyhietheridmetiylaforowtponent s,
h di | t 61 di | t dto th t
Zone vt h RENR)YIRa dEtetayl FArbRRate: el oA 5Ny b Ear A SO (TG
diluent in rﬁx‘i%@g‘?hé’feof f oirab ihel?%eeﬁ’%é"@s@?%ih@@o%rﬁon%%lﬂﬁfﬁ §5 Whi ch
u y li

can be enploye the roces I nc t are not necessari m t ed

to, heliumse@ed fromithe (ggemp coasisting o meethdrol, dimbtiryl etheri atel nixtdresgen,
wat er, paraffins, other taédrocar bons &such as net hane 1%0 aronat i

corrpounds thateok Merecdesinaht ther oxysesate is methands Thectotal €hargg ng@dnot
necessarily t%b@{%%&g 3\%5’5 ar‘?egel%'ﬂ 588’|ﬁ8nal[c99§&lnérrn§,t Ve %’3@ itk abl e

for catalyz nate conversi on reac e present
i nvention ifpobypes c’Oﬁi@'o@Qﬂbﬁﬁ diié@ve editbenfedt i the efadtiohezoneawithi thees.

Mol ecul ar sieves can be zeolitic (zeolites) or

oxygenates, such that the total feed mixture comprises diluent in a range of
from about 1 mol% and about 99 mol%. Diluents which can be employed in
the process include, but are not necessarily limited to, helium, argon,
nitrogen, carbon monoxide, carbon dioxide, hydrogen, water, paraffins, other
hydrocarbons (such as methane), aromatic compounds, and mixturesv
thereof. Desired diluents include, but are not necessarily limited to, water
and nitrogen.

[0062] The catalyst suitable for catalyzing the oxygenate-to-olefin
conversion reaction of the present invention includes a molecular sieve and
mixtures of molecular sieves. Molecular sieves can be zeolitic (zeolites) or
non-zeolitic (non-zeolites). Useful catalysts can also be formed from mixtures
of zeolitic and non-zeolitic molecular sieves. Desirably, the catalyst includes
a non-zeolitic molecular sieve. Desired molecular sieves for use with the
process of the present invention include “small” and “medium” pore molecular

sieves. “Small pore” molecular sieves are defined as molecular sieves with

pores having a diameter of less than about 5.0 Angstroms. “Medium pore”



non-zeolitic (non-zeolites). Useful catalysts can also be fornmed from

m xtures of zeolitic and non-zeolitic nol ecul ar sieves. Desirably, the

cat al yst wooBmaghes? a non-zeolitic nol ecul ar sieve. Desireacmulseyid7ay si eves
for use with the process of the present invention include "small" and
"medi um' pore nolecular sieves. "Small pore"” nolecul ar sieves are defined
as nol ecul ar sieves with pores having a dianeter of |ess than about 5.0
Angstromns. "Medi um pore” WO 03/099747 PCT/ US03/ 12723 -18 nol ecul ar si eves
are defined as nol ecul ar sieves with pot&s having a dianeter from about
5.0 to about 10.0 Angstrons. [0063] Ml ecul ar sieves are porous solids

having por eoilcufdr! SRARR! afd ZRSincd 38 ARIAM [SRvel! withO ks tHding™d ecul ar

si eves, carbons and oxi des. e are anorphous and crystalline ecul ar
si eves. Ml diameter somvatsoutric0 tolabontl Bu0ANgstriones.al nol ecul ar si eves, or

chemcally forned, synthetic nolecular sieves that are typically .

crystal | i nel0088%r i aiMoleshiatisievrs aie rraus satidopayipgfargs in!ﬁﬁrﬂ%t. SiZ@%e nost
iall + S f t . i cal

ndust 1 os S EnosnltEs B SeRineElyPEinoleB il 3R ST arfL Gk PR LTERRL. g

an open fragrwamersidus bHEecryBRillines Hllddularasieles NeReliaresievey grgudelhi s
negative charge within portions of the franework is a result of an A"

repl aci ng andural, minerahsmaecuae sigygsant eheminady fegaedveyntbatie gealegnlaser vi ng
the electroneutrality of the fra rk, and these catigns _are exchangeabl e
with ot her Sates At ypicaliycoralias thagtinls cRtEDNI,pica; aldoptonay
particularl é!lulﬁﬁr‘i’é.' 8% nist croﬁﬁ)rlkwéﬂzliélbsyi gé(éfhhﬁﬁ:'le?&ﬂbrb%e%é( 'f@ﬂth%)Héﬁﬁl%uﬁf

alumna and silica in a strongly ba aqueous nedia, often in the presence

of a strucand epaetrocheiiogl angdustries aremknatvinn@sagenlitesTheAstzealteuise af t he
nol ecul ar sieve formed is .determ ned art P% solubility of the various
r tsy'ﬁ

sources, si AU AAYNG a8 o?p%tgiﬁ?@gWP”‘t UetHTPotats Rtals carmes

TR asgEhepleethls Abgal Al IR BB ISR fdblegld ko
result of an AI** replacing a Si**. Cations counter-balance these negative
charges preserving the electroneutrality of the framework, and these cations
are exchangeable with other cations and/or protons. Synthetic molecular
sieves, particularly zeolites, are typically synthesized by mixing sources of
alumina and silica in a strongly basic aqueous media, often in the presence of
a structure directing agent or templating agent. The structure of the
molecular sieve formed is determined in part by solubility of the various
sources, silica-to-alumina ratio, nature of the cation, synthesis temperature,
order of addition, type of templating agent, and the like.
[0064] A zeolite is typically formed from corner sharing the oxygen
atoms of [SiO,] and [AIO,] tetrahedra or octahedra. Zeolites in general have
a one-, two- or three- dimensional crystaliine pore structure having uniformly
sized pores of molecular dimensions that selectively adsorb molecules that
can enter the pores, and exclude those molecules that are too large. The
pore size, pore shape, interstitial spacing or channels, composition, crystal

morphology and structure are a few characteristics of molecular sieves that



atons of [SiM4] and [Al 4] tetrahedra or octahedra. Zeolites in general
have a one-, two- or three- dinensional crystalline pore structure having
uni f or M ywosBmped4por es of nol ecul ar di nensi ons that sel ectrcralsys/sxdsor b

nol ecul es that can enter the pores, and exclude those nol ecules that are
too large. The pore size, pore shape, interstitial spacing or channels,
conposition, crystal norphology and structure are a few characteristics of
nol ecul ar sieves that WO 03/099747 PCT/US03/ 12723 -19 determine their use
in various hydrocarbon adsorption and cthversi on processes. [0065] There
are many different types of zeolites well known to convert a feedstock,

especi al | y qpt¥ahinet ehaipnise Nhngafiees shyarécarbohoadserptionn@ind cohedrsits) . For
exanple, U S. Patent No. 5,367,100 describes the use of a well known
zeol ite, Z$wbbesseas.convert nethanol into olefin(s); U S. Patent No.

4,062, 905 di h ' f th | t t
et hyl ene arli0Bbbpy T dETedrn i lefin RPes st Pl Rhodlip RRLER A,y
| ool | ARG o U
3075, 095 BeaEe L SR g R e e O o e bon
products silefin(8x EbhgkampleaitiSpPateritdNwe .5, 360660 desgdbes thenase of a well

et r ahodr a HOWEeB(iEs SN, oy GRRVAI GHENARG InfRcuFfbat ProLPaenbeent o,
4 o eono BRSO isbbells HECoRlGN AP naoE o ahoenat o] 1o
descri bed téﬂ?aﬂéﬁé%fﬁd Blopgleplesusing engtalfing GRiminobkiése zedites for Exd0le,
[ ALO2] and [ P02] tetrahedra m croporous structure, _where Me is_a netal
sour ce havizeplithel oZKbor eriasiite; tﬁ@_ddﬁbabéﬁte;e%ﬁ‘re‘iﬂlt% Batentedo. \,07R10%nd zn,
o S Ao SNR I BB v PR R
met al sour g chay SByRMR SHd gmpméﬁe.the el enents As, B, Be, G,
[0066] Crystalline aluminophosphates, ALPO,, formed from corner
sharing [AIO,] and [PO,] tetrahedra linked by shared oxygen atoms are
described in U.S. Patent No. 4,310,440 to produce light olefin(s) from an
alcohol. Metal containing aluminophosphate molecular sieves, MeAPQO's and
EIAPQO's, have been also described to convert alcohols into olefin(s).
MeAPQ's have a [MeQ,), [AlO,] and [PO,] tetrahedra microporous structure,
where Me is a metal source having one or more of the divalent elements Co,
Fe, Mg, Mn and Zn, and trivalent Fe from the Periodic Table of Elements.
EIAPO's have an [EIO,], [AlIO,] and [PO,] tetrahedra microporous structure,
where El is a metal source having one or more of the elements As, B, Be, Ga,
Ge, Li, Ti and Zr. MeAPOQO's and EIAPO's are typically synthesized by the
hydrothermal crystallization of a reaction mixture of a metal source, an
aluminum source, a phosphorous source and a templating agent. The
preparation of MeAPO's and EIAPO's are found in U.S. Patent Nos.
4,310,440, 4,500,651, 4,554,143, 4,567,029, 4,752,651, 4,853,197,

4,873,390 and 5,191,141,



Ge, Li, Ti and Zr. MeAPO s and EIAPO s are typically synthesized by the
hydr ot hermal crystallization of a reaction m xture of a netal source, an

al um numwouwso®74B phosphorous source and a tenpl ati ng ageor/ustdie723
preparation of MeAPO s and EIAPO s are found in U S. Patent Nos.

4,310, 440, 4,500, 651, 4,554,143, 4,567,029, 4,752,651, 4,853,197,

4,873,390 and 5,191, 141. WO 03/099747 PCT/ US03/ 12723 -20 [0067] One of the
nost useful nol ecul ar sieves for converting nethanol to olefin(s) are
those ELAPO s or MeAPO s where the met@0source is silicon, often a funed,
colloidal or precipitated silica. These nol ecul ar sieves are known as

si |'i coal umipooppsphade wblties most usieful esoleSilar s@viesfon opivertihgneethaB8PO)

nol ecul ar sieves contain a three-dinensional m croporous crystalline

f r anmewor k stDrQJ@ﬁfE](\Sbafﬁ ﬂ{osredﬂ]finﬂ onMeARO's mimre doe megtakseuricads §$§Pﬁhﬁdr al
I SAPO I I [
L AP, SR e Rt B SMhelB el st

the hydr OtWWWbs%rlbb‘éhﬁlnhlhéﬁﬁéﬁh&é noleeakt iskivel] *Siliceal@hirrdphiogphRate
al um num and phosphorus- sources and at |east one tenplating agent.

Synt hesi s c(SPePO)SvmdaculﬂremeNeﬁ caitainea thnee-dioemsional oricrioppous apsllng: al yst ,

Darti cul ar amRuR Suchid o R0 TR wad GPO.L St b it Hasrele e
Nos. 4, 499, lﬁ’ﬁﬁé #A@’H’sﬁﬂ@vessdﬂﬁqgsc%ﬂ) d T\ 88, BA&nt N0091544@§71 Swhich 62 and

6, 166, 282 whi ch are ereln y incorporated by reference. [0068]

Mol ecul ar ﬁemﬁﬁfulﬂwrmorponamds by hefareade. aSAP@lysgemrally sgnthesizied by the
characteristics. Ml ecul ar sieves have been wel | [Og K assi fied hy the

Structure Wﬁﬁih@éméhcﬁd’s@w@tpﬁt%fr ﬂaf??@‘r'\%ﬂ nyixtere Boi AUMIRURE @Ydi ng t o
;P:é%?i_mgtpﬂggsgrﬁ he com%‘g |§ﬁ t’e Qfﬂ“’%%@leﬁ{ P ntﬁ\tegltsr 0Ledral |y
coor di nat ecs APOFol&dUlat sibué nigfér’rm@f@ﬁm!@rés SAPO catllysy @l Abseaint i on of
the SIoeCIfIc%nvertlng a hydrocarbon feedstock into olefin(s), particularly where the
feedstock is methanol, are shown in U.S. Patent Nos. 4,499,327, 4,677,242,
4,677,243, 4,873,390, 5,095,163, 5,714,662 and 6,166,282, all of which are
herein fully incorporated by reference.
[0068] Molecular sieves have various chemical and physical, framework,
characteristics. Molecular sieves have been well classified by the- Structure
Commission of the International Zeolite Association according to the rules of
the IUPAC Commission on Zeolite Nomenclature. A framework-type
describes the connectivity, topology, of the tetrahedrally coordinated atoms
constituting the framework, and making an abstraction of the specific
properties for those materials. Framework-type zeolite and zeolite-type
molecular sieves for which a structure has been established, are assigned a
three letter code and are described in the Atlas of Zeolite Framework Types,
5th edition, Elsevier, London, England (2001), which is herein fully
incorporated by reference.
[0069] Non-limiting examples of these molecular sieves are the small

pore molecular sieves of framework-type selected from the group consisting



properties for those materials. Framework-type zeolite and zeolite-type

nol ecul ar sieves for which a structure has been established, are assigned a
t hree | etwern3owde7 and are described in the Atlas of Zeol i PeTRISasmems k
Types, b5th edition, Elsevier, London, England (2001), which is herein
fully incorporated by reference. [0069] Non-limting exanples of these

nol ecul ar sieves are the small pore nol ecul ar sieves of franework-type
selected fromthe group consisting WO 03/099747 PCT/US03/ 12723 -21 of AEIl,
AFT, APC, ATN, ATT, ATV, AVW, BIK CAR1CHA, CH, DAC, DDR, ED, ERI,

00, KFI, LEV, LOv, LTA, MON, PAU, PH , RHO ROG THO, and substituted

fornms theregf; bdm I I ' S r el ected
from the. or UL JETAPETAIN B! AR, ALY, BIRTCAS, GRATRHA! BACH IS T

TON, and suppl,i ERl,eGCO®r KFI,tIHEV ebOV, drA t KON BAge Ridk KRid0l, 0GarTHOeves of
framewor k-type selected fromthe grou consji sting of EMI, FAU, and
subst i t ut edandr substitetedoforms nbererfi cthe dredisme\re; folgaular  aleedr RE t ypes

selected frgmthe 1S f dLAE LTL,
MER, MOR, I\ﬁ/@We r?&'g'g%? S‘Tiéﬁfséndmfﬁﬁﬂg 9'@”@%@5‘?’“ oq ggk‘gr arerre r%lcaé%sqﬁ’l ar
si eve franepprK-MEREMFIPMTWCWMET! YONT and @0BstithigddfatmsOhegesRighdc ey ai ni ng
feedstock into olefin(s), are sel ected from the group consisting of AEL,

AFY, BEA, GCHrge Fire melécurERsieses, of Tramewaik-tyrerselpedvibRm Me, arwn TAM
and TON. In one prefer odi nent, .t he | ecylar sie of the invention
has an AEl ?%}?dﬁt@"@yo ré'\z? Emt B3| ,t&”g"r’d gg%ﬁ‘gl‘ﬁ%ﬁ ?onbﬁﬂ Iy Qﬁ]?c%gt
preferably Thoeyalol} ¢ et [ hai I e

3-di nmensi on%F%gLr - coﬁ%@%@%q?&éﬂg&gr K s??tﬁ%ﬁgrcgf% ?gbﬁ‘gﬁ”%ﬁérﬁé ™™

t et r ahedr a, BEACOF|,TCLO, ®ON, GiSr BhedMER, MO M \Wltaaed! SEQ1. o NoHisting
nol ecul ar sieves are typi calla@gescribe_d in terms of the size of the ring

h
that defi neaxampigseof ahatelerrs lncutar sigye JFRMRWPHEYRE H MU f8hs i n
the ring. Qolrdif FIRYEehdB%ontaining feedstock into olefin(s), are selected from

the group consisting of AEL, AFY, BEA, CHA, EDI, FAU, FER, GIS, LTA,
LTL, MER, MFI, MOR, MTT, MWW, TAM and TON. In one preferred
embodiment, the molecular sieve of the invention has an AEI topology or a
CHA topology, or a combination thereof, most preferably a CHA topology.
[0070] Molecular sieve materials all have 3-dimensional, four-connected
framework structure of corner-sharing TO, tetrahedra, where T is any
tetrahedrally coordinated cation. These molecular sieves are typically
described in terms of the size of the ring that defines a pore, where the size is
based on the number of T atoms in the ring. Other framework-type
characteristics include the arrangement of rings that form a cage, and when
present, the dimension of channels, and the spaces between the cages. See
van Bekkum, et al., Introduction to Zeolite Science and Practice, Second
Completely Revised and Expanded Edition, Volume 137, pages 1-67,
Elsevier Science, B.V., Amsterdam, Netherlands (2001).

[0071] The small, medium and large pore molecular sieves have from a
4-ring to a 12-ring or greater framework-type. In a preferred embodiment, the

zeolitic molecular sieves have 8-, 10- or 12- ring structures or larger and an



characteristics include the arrangenent of rings that forma cage, and when
present, the dinension of channels, and the spaces between the cages. See
van Bekkuwposnodhz , I ntroduction to Zeolite Science and Ppattuse®1278cond
Conpl etely Revised and Expanded Edition, Volume 137, pages 1-67, Elsevier
Sci ence, B.V., Ansterdam Netherlands (2001). [0071] The small, nedi um and
| arge pore nol ecul ar sieves have froma 4-ring to a 12-ring or greater
framework-type. In a preferred enbodi % the zeolitic nolecular sieves
have 8-, 10- or 12- ring structures or 49arger and an WO 03/ 099747

PCT/ US03/ 12723 -22 average pore size in the range of fromabout 3A to 15
A. In the raveragerpdrersize ionthedranga of tfiem nabadudArtosi8vRs &1 thegnost

Hnge. and” dfeleEd qtbedimerty Sué oBBRRErSakSs (B e Bk ikt SrefioBhe © ange
of from 3A %il?bg%lﬂg’rlg\xéﬁgsﬁﬁét% mBleRLfraldvesk haB §Arih$s PRUAN 4vergePPreTOSt

preferably about 4.2A. [0072] WMol ecular sieves, particularly
zeol i tic arskze skithan-abppe 5Ap peefatably irsthevrasge mf éfoen 38! tp dtzowd 54, morecul ar

framework of one, preferably two or .nore corner-sharing [TO4]. tetrahedral
units, nor ePrpfesalliyafsem 3&&9 %tPOH'FD? Ay gngamost Pﬁ@fﬁﬂ?tﬁﬁrqug%r&%d@] about

tetrahedral4gﬂ\its, and nost preferably [Si04], [AI04] and [ P04]
tetrahedral "Onits. These silicon, alum num and phosphorous based

nol ecul ar q0e72F anddletalar eEves| Pangutarly gedliticahndrizevlie-thephtgdidaous
based nol ecul ar si eves have been described in detail in nunerous
publ i cat i orgievascpeeferaply bave eamplesulan femeweorkmnef aqe, prefesably2g0 QUERET® wher e

PRI I S M T T TANE e T T
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U.S. Patent[PRy] tetrargsirallenitZnAHESe Eilcga Oalualinudy andophesphorems pased
molecular sieves and metal containing silicon, aluminum and phosphorous
based molecular sieves have been described in detail in numerous
publications including for example, U.S. Patent No. 4,567,029 (MeAPO where
Me is Mg, Mn, Zn, or Co), U.S. Patent No. 4,440,871 (SAPO), European
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 (FeAPO), U.S.
Patents No. 4,822,478, 4,683,217, 4,744,885 (FeAPSO), EP-A-0 168 975
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 (AIPO,), EP-A-0 158 350 (SENAPSO), U.S. Patent No. 4,973,460
(LIAPSO), U.S. Patent No. 4,789,535 (LIAPO), U.S. Patent No. 4,992,250
(GeAPSO), U.S. Patent No. 4,888,167 (GeAPO), U.S. Patent No. 5,057,295
(BAPSO), U.S. Patent No. 4,738,837 (CrAPSO), U.S. Patents Nos.
4,759,919, and 4,851,106 (CrAPQ), 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 (MnAPSO), U.S.



0 158 976 (ELAPO, where EL is Co, Fe, My, Mh, Ti or Zn), U S. Patent No.
4,310, 440 (AIPO4), EP-A-0 158 350 (SENAPSO, U.S. Patent No. 4,973,460

(Li APSO) ,wO.09099Pat ent No. 4,789,535 (Li APO), U.S. Patent RoT/usp9822250
(GeAPSO), U.S. Patent No. 4,888,167 (GAPO, 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 (MJAPSO), U S. Patent No. 4,554,143 (FeAPO), U.S. Patent No.
4,894,213 (AsAPSO, U.S. Patent No. 4,923;888 (AsAPO), U.S. Patents Nos.
4,686, 092, 4,846,956 and 4, 793, 833 (MMAPSO, U. S. WO 03/099747

PCT/ US03/ 12822 nts RDsPat31%. 31 Nahd 62156 939 {MrrROP. .50 Fitdnt NbARQB7 3535
Patent No. 4,737,353 (BeAPSO, U’'S. Patent No. 4,940,570 (BeAPO, U.S.

Pat ent s Nos(BeAP30), 0S. Patat, N, #840,5390,(B2ARQ), APS®) , Patepts Phioent s
Nos. 4,500, 6 55 4 92. (Ti , P

4, 324, 554, %%M@?d&@iﬁ%ﬂ ,Wﬁ@gzééﬁeiééﬁg%iﬁ %@@?@63‘5%%;4;%555&9 A-O
AL o s s e e Wi s o ©
4,853,197, (ChARASO$70.S.4P&6At RB44, 7850606 (G4APSD)TBR¥65,298 933 (28FSO,

5,241,093, 5,493,066 and 5,675,050, all of which are herein fuIIN
i ncor por at adhere Qéﬁef’é’ﬁi@é’.orl‘fcﬂ)m unihdRCOI asumgll 3seled PatentaeNPBRose

descri bed i - 88 31 L £ QRO O talj ¢ talj hat es,
SAPOZ (Ul O‘E?E?C%.gg. 4,886 003 No”%?@g% 89@?%?5%#6\?@@?@% PR O
earth metal) g1¥.876, Pad o8 3840P!4,986 164, Sef,086, 158, 0P9FI 18843 524 £doBebr uary
24, 2000 (integrated hydrocarbon co-catalyst), PCT WO 01/64340 published
Sept enber 75,492086( @ndr i5.67%5050,ai oty whitk caleaheseipy B)lly inv@rporatschAvak,
Handbook of _Mol ecul ar Sieves, Van Nostrand Rei nhold, New York, New York
(1992), wHPHICAFE all herein fully incorporated by reference.

[0073] Other molecular sieves include those described in EP-0 888 187
B1 (microporous crystalline metallophosphates, SAPO, (UlO-6)), U.S. Patent
No. 6,004,898 (molecular sieve and an alkaline earth metal), U.S. Patent
Application Serial No. 09/511,943 filed February 24, 2000 (integrated
hydrocarbon co-catalyst), PCT WO 01/64340 published September 7,
2001(thorium containing molecular sieve), and R. Szostak, Handbook of
Molecular Sieves, Van Nostrand Reinhold, New York, New York (1992),
which are all herein fully incorporated by reference.

[0074] The more preferred silicon, aluminum and/or phosphorous
containing molecular sieves, and aluminum, phosphorous, and optionally
silicon, containing molecular sieves include aluminophosphate (ALPO)
molecular sieves and silicoaluminophosphate (SAPO) molecular sieves and
substituted, preferably metal substituted, ALPO and SAPO molecular sieves.
The most preferred molecular sieves are SAPO molecular sieves, and metal
substituted SAPO molecular sieves. In an embodiment, the metal is an alkali
metal of Group IA of the Periodic Table of Elements, an alkaline earth metal
of Group IlA of the Periodic Table of Elements, a rare earth metal of Group

B, including the Lanthanides: lanthanum, cerium, praseodymium,



[0074] The nore preferred silicon, alum num and/or phosphorous containing
nol ecul ar sieves, and al um num phosphorous, and optionally silicon,

cont ai ni ormlogwwwt ar si eves i ncl ude al um nophosphat e ( ALP&CT/Usns/exred ar

si eves and silicoal um nophosphate (SAPO nol ecul ar sieves and substituted,
preferably metal substituted, ALPO and SAPO nol ecul ar sieves. The nost
preferred nol ecul ar sieves are SAPO nol ecul ar sieves, and netal

substituted SAPO nol ecul ar sieves. In an enbodinment, the netal is an al kali
metal of Group |A of the Periodic Tabl-2bf El enents, an alkaline earth
metal of Goup I1A of the Periodic Table of Elenments, a rare earth netal

of Goup Idd &rrmure‘d %@hfé@ruhh%dréﬁbhﬁ?é&ﬁmdnﬁﬁéfb?uﬁhnﬁymbsmm Hol@agadyni um
WD 03/ 099747 PCI/ US03/ 12723 " -24 neodym um samari um  eur opi um gadol i ni um

terbi um dyabiursj dinyliun| witensjum eand ulmetumml andh scandiymi amvtigm wfetheum  and

scandi um or_ytt ri odj c Tabl e of ment s [ net al
of Groups | c{}%%f%og Q\errgen%s\m rgnsr A9 mﬁaba éﬁ%uﬁg:’elr\/%d\/%a{%% \émg'f

El enent s, r t d
Elerrent s, N, M £ oP Py rblicl PARE of Fibfertans Mbtured OPMPLPIRSEY )
Fe, Ga, Ge,mbfal sibciedi ,InSme prefefed ambddimengnttiennetalis seleictedrom the

anot her preferred enbodr nent, these netal atons di scussed,g %@;/ergﬁ

i nserted i rAMQUPHONSIAIRGRSr&OoET.aCHoFEe GanrCei Mge Mgy Nu g &ir al

unit, such g \ ce
cate of o rhEERres SEPCoR dnfef prERiarARBARIAT L RitalAoRTCe |
netal substdittiadedttsove aralinseredsintd eheofrarr%woﬂaof a4no|e5u|aars.eve thtdigyh net
charge of the tetrahedral unit is between -2 and +2. [0075] In one

enbodi nent ,a ramhadrabmrtarsugheaﬁe[Me@ﬂd@s\drqa:reﬁa ingt @aasgebdepemr@nw 0B, theat ent s
T TN R R R e L
preferably ﬁﬂer‘?”tlgé‘ﬂ'réial substituent has a valence state of +2, +3, +4, +5, or 46, the

net charge of the tetrahedral unit is between -2 and +2.

[0075] In one embodiment, the molecular sieve, as described in many of

the U.S. Patents mentioned above, is represented by the empirical formula,

on an anhydrous basis:

mR:(M,ALP,)O,

wherein R represents at least one templating agent, preferably an organic

templating agent; m is the number of moles of R per mole of (M,Al,P,)O, and

m has a value from 0 to 1, preferably 0 to 0.5, and most preferably from 0 to

0.3; x, y, and z represent the mole fraction of Al, P and M as tetrahedral '

oxides, where M is a metal selected from one of Group IA, lIA, 1B, llIB, IVB,

VB, VIB, VIIB, VIIIB and Lanthanide's of the Periodic Table of Elements,

preferably M is selected from one of the group consisting of Co, Cr, Cu, Fe,

Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr. In an embodiment, m is greater than

or equal to 0.2, and x, y and z are greater than or equal to 0.01.

In another embodiment, m is greater than 0.1 to about 1, x is greater than 0

to about 0.25, y is in the range of from 0.4 to 0.5, and z is in the range of from



tenpl ating agent; mis the nunber of noles of R per nole of (MXAlYPZ)02 and
m has a value fromO to 1, preferably 0 to 0.5, and nost preferably fromO
to 0.3; wpog/ovawd z represent the nole fraction of A, Pramdsh/ay23
tetrahedral oxides, where Mis a netal selected fromone of Goup IA IIA
IB, 111B, I1VB, VB, VIB, VIIB, VIIIB and Lanthani de's of the Periodic Table
of Elenents, preferably Mis selected fromone of the group consisting of
Co, C, Cu, Fe, @&, G, My, Mnh, N, Sn, Ti, Zn and Zr. In an enbodi ment, m
is greater than or equal to 0.2, and -xé Sy and z are greater than or equal
to 0.01. In another enbodinent, mis greater than 0.1 to about 1, x is

greater tham28 tot®@5ahwie pﬁeféﬁably rhds fiont 0e15 @109, afusffrcrumoaom(b@.@ ypis and z
is in the range of from WD 03/ 099747 PCT/ US03/ 12723 -25 0.25 to O. 5, nore
preferably fomd.4tedD.awl 25 foom 0.3t99.5rom0.01 to 0.2, y is fromO0.4 to

5o oo RS, S fiigSerdBBAE oh o T BRER LR SRR
SAPO-5,  SARREBnvériite include SAEQr1 cotkation oP8APAS, SKIPG-80sAPEP ; 31
SAPO- 34, SAPO-35,  SAPO-36, SAPO-37, SAPO- 40, SAPO 41, SAPO-'42, SAPG- 44

(U.S. Pat erSAPQe‘IGBSB@Z?AYS)SA%AF’@ 4SAPSARQ) S6POMROSAP L3 SAPOABPO- 18,

ALPO 31, 34 7 i_ni

mol ecul ar %Ké) 236+ ﬁég&g9 $ﬁ‘§ 5 Sﬁ@ﬁgﬂ &4\;@@&2‘%%9 ‘gfh'EIicﬁ]LﬂqﬁPt si eves
i ncl ude on f 8 p

SAPO- 56, 2]‘.% fgfépA%(gmﬂe%%ﬁ%éeAlﬁrﬁgée}rég ;(/)S ﬁSA g‘?%s?b%m-tion of
SAPO 18, SAPRAAR OARGLIIOB6I AAPRI3TSALEQHBraad nustal eontaiming mullesularar

si eves thereof, and npst preferably one or a conbjination of SAPO 34 and
ALPO-1 8, aﬁﬁveﬁemre%fonmﬁ AoRY pﬁ@fﬁ@@m@ohgq tpednplestiapsievasgnatpde prgn

erbod, 1ot o ASBLBRPATo AR, AL ISR alas T OERRGHYS,

conposi ti OrALPO 1BUrdridc WL O- 3|4tlteﬂ@f Pdre ﬁt&f@féﬂl;arorﬁ ®res @rAbination of
SAPO-18, SAPO-34, ALPO-34 and ALPO-18, and metal containing
molecular sieves thereof, and most preferably one or a combination of SAPO-
34 and ALPO-18, and metal containing molecular sieves thereof.
[0077] In an embodiment, the molecular sieve is an intergrowth material
having two or more distinct phases of crystalline structures within one
molecular sieve composition. In particular, intergrowth molecular sieves are
described in the combination of U.S. Patent Application Serial No.
09/924,016 filed August 7, 2001 and PCT WO 98/15496 published April 16,
1998, both of which are herein fully incorporated by reference. In another
embodiment, the molecular sieve comprises at least one intergrown phase of
AEIl and CHA framework-types. For example, SAPO-18, ALPO-18 and RUW-
18 have an AEIl framework-type, and SAPO-34 has a CHA framework-type.
[0078] The synthesis of molecular sieves is described in many of the
references discussed above. Generally, molecular sieves are synthesized by
the hydrothermal crystallization of one or more of a source of aluminum, a
source of phosphorous, a source of silicon, a templating agent, and a metal

containing compound. Typically, a combination of sources of silicon,



described in the conbination of U S. Patent Application Serial No.

09/ 924,016 filed August 7, 2001 and PCT WD 98/ 15496 published April 16,
1998, botwooBowteTh are herein fully incorporated by referemasos/iarzanot her
enbodi nent, the nol ecul ar sieve conprises at |east one intergrown phase of
AEl and CHA franmewor k-types. For exanple, SAPO 18, ALPO 18 and RUW 18 have
an AEl framework-type, and SAPO 34 has a CHA framework-type. [0078] The
synt hesi s of nolecular sieves is described in many of the references

di scussed above. Generally, nolecul ar -A8ves are synthesized by the
hydr ot hermal crystallization of one or nore of a source of alum num a
source of phesium sl phospharoasobptionaliyonith onteeap hadrertgmydatirg agedtsa met al
cont ai ni ng conpound. Typically, a conbination of sourc silicon,
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crystallization pressurée and rrperature until a crystalline material is
forned, andenmenatu&t;ouemleal Qiystaﬂlinet materisl is fermeds agdt then seapveredidyant i ng.
[0079] In eferreg enbodi nent the Iecular sieves are synthesized by

fornmng a r qrbﬁ'eB r&fH%th’b?" OEQGF%&DQQF silicon, a source of alumnum a

source of phe g{:or OY%a fé’r?&&“éh?o&o‘?r%h?mé‘ﬁwﬁ&eiﬂén snBVéé aréRkydth@si¥edr 0gen

contai ning organi c tenplating agent, and one or nore polyneric bases. This
parti cul ar Iby foreirey aedaetidropiodasct of assdurse oh stiiben sy isbhess of aluminum, a
si |l i coal um nophosphate crystalline material .that is then ItﬁOl at ed

filtrationSOUsEhOf iRNegRPPESardly BFOaE BIMPIRYNI| asst) PRIRMELA Pﬁrg?gbi‘arrpl es
o oot | SNBSS E 55, MR R el IE T, 6 .
M5, silicearteuadyngsefait a%nﬁtﬁid‘méhkylresults in the synthesis of a
silicoaluminophosphate crystalline material that is then isolated by filtration,
centrifugation and/or decanting.
[0080] 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, silicon compounds such as tetraalkyl
orthosilicates, for example, tetramethyl orthosilicate (TMOS) and
tetraethylsilicate (TEOS), colloidal silicas or aqueous suspensions thereof, for
example Ludox-HS-40 sol available from E.l. du Pont de Nemours,
Wilmington, Delaware, silicic acid, alkali-metal silicate, or any combination
thereof. The preferred source of silicon is a silica sol.
[0081] Non-limiting examples of aluminum sources include aluminum-
containing compositions such as aluminum alkoxides, for example aluminum
isopropoxide, aluminum phosphate, aluminum hydroxide, sodium aluminate,
pseudo-boehmite, gibbsite and aluminum trichloride, or any combinations
thereof. A preferred source of aluminum is pseudo-boehmite, particularly

when producing a silicoaluminophosphate molecular sieve.



orthosilicates, for exanple, tetranethyl orthosilicate (TMOS) and
tetraethylsilicate (TEOCS), colloidal silicas or agueous suspensions

t her eof , Wwors/oewwanpl e Ludox- HS-40 sol avail able from E. |. pdw/ulesii27ele
Nemours, WI mngton, Delaware, silicic acid, alkali-nmetal silicate, or any
conbi nation thereof. The preferred source of siliconis a silica sol.
[0081] Non-limting exanples of alum num sources include al um num

cont ai ni ng conpositions such as al umn al koxi des, for exanple al um num

| sopropoxi de, al um num phosphat e, al urfi4fum hydr oxi de, sodi um al um nat e,
pseudo- boehnte, gibbsite and alum numtrichloride, or any conbinations

t her eof . A [0082Fr r eNwwlimitingo £xampies ofn phospheto sbuesi tve)iclhanan algaar |y

when produci ng .a siljcaqal um ngphosphate nol ecul ar sieve...\WO 03/ 099747
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phosphori ¢ gasphositgaids plyzmit ailessphiatds asudty iat hyiethyhosipbspthate araohd
crystalline or anorphous al um nophgosphates such as ALPO4, phosphorus

saits, or cuwgRHRE ehamoerphews alumingphosphates sueh @ H4-PShoAMesPDSryss
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conpounds. phosphorous, and most preferably nitrogen. Typical templating agents of
Group VA of the Periodic Table of elements also contain at least one alkyl or
aryl group, preferably an alkyl or aryl group having from 1 to 10 carbon
atoms, and more preferably from 1 to 8 carbon atoms. The preferred
templating agents are nitrogen-containing compounds such as amines and
quaternary ammonium compounds.
[0084] The quaternary ammonium compounds, in one embodiment, 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. In one embodiment, the
templating agents include a combination of one or more quaternary
ammonium compound(s) and one or more of a mono-, di- or tri- amine.
[0085] Non-limiting examples of templating agents include tetraalkyl
ammonium compounds including salts thereof such as tetramethyl
ammonium compounds including salts thereof, tetraethyl ammonium
compounds including salts thereof, tetrapropyl ammonium including salts

thereof, and tetrabutylammonium including salts thereof, cyclohexylamine,

morpholine, di-n-propylamine (DPA), tripropylamine, triethylamine (TEA),



[ 0084] The quaternary amoni um conpounds, in one enbodi nent, are
represented by the general fornula RAN+, where each R is hydrogen or a

hydr ocar byb oen9wwbst i t ut ed hydrocarbyl group, preferably aotaiskyi27gs oup or
an aryl group having from1l to 10 carbon atons. |In one enbodi nent, the
tenpl ati ng agents include a conbination of one or nore quaternary amoni um
conpound(s) and one or nore of a nono-, di- or tri- amne. [0085]
Non-limting exanples of tenplating agents include tetraal kyl anmonium
conmpounds including salts thereof suchr 2%-tetranet hyl ammoni um conpounds

I ncluding salts thereof, tetraethyl ammonium conpounds including salts

t hereof , t efrietiirathinemopiperidinec| udydigheaflaraine hezmthdedine N, N-

t et rabutyl anmoni um i ncl uding salts thereof, cyclohex ) i ne,
di - n- pr opy| dimetbylperaylamine, prb N diginviethapplaseing, aFHCMé ?’?E&?mlﬂm 0RN99747
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di cycl ohexydiaphimieycidi2\2, 26bciBhdy | Rt hard ntetemdthgl(Bhexanediamine, N-
N, N - di met hyl pi perazi ne, ' 1, 4- di azabi cxcl o(2,2,2)octane, N,

N,N Ntet rmemwmeﬂ(alnpwruegané&rma’thyieet apolgating: dNevethwb pineatiine, 3-
N- net hyl -et h d i di
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The preferred tenplating agent or terrpl ate l!‘; t et raet hyl amoni um
conpound, sQ!E'M'%J?dt?é‘T“F‘ﬁe@Y{W idingrANdén ‘ER? (TEACH), tetraethyl

anmoni um p te, & uor, tr a ni
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t hereof, particularly when producing a
(TEAOH), tetraethyl ammonium™ phosphate, tetraethyl ammonium fluoride,

tetraethyl ammonium bromide, tetraethyl ammonium chloride and tetraethyl
ammonium acetate. The most preferred templating agent is tetraethyl
ammonium hydroxide and salts thereof, particularly when producing a
silicoaluminophosphate molecular sieve. In one embodiment, a combination
of two or more of any of the above templating agents is used in combination
with one or more of a silicon-, aluminum-, and phosphorous- source, and a
polymeric base.

[0087] The molecular sieve can also be incorporated into a solid
composition, preferably solid particles, in which the molecular sieve is present
in an amount effective to catalyze the desired conversion reaction. The solid
particles can include a catalytically effective amount of the molecular sieve
and matrix material, preferably at least one of a filler material and a binder
material, to provide a desired property or properties, e.g., desired catalyst
dilution, mechanical strength and the like, to the solid composition. Such
matrix materials are often to some extent porous in nature and often have

some nonselective catalytic activity to promote the formation of undesired



si I i coal um nophosphat e nol ecul ar sieve. In one enbodi nent, a conbi nation

of two or nore of any of the above tenplating agents is used in conbination
wi th one wo osmoywe4nf a silicon-, alum num, and phosphorougcTasus/e23 and a
pol yneric base. [0087] The nol ecul ar sieve can also be incorporated into a
solid conposition, preferably solid particles, in which the nol ecul ar
sieve is present in an anount effective to catalyze the desired conversion
reaction. The solid particles can inclyde a catalytically effective anount
of the nolecular sieve and matrix mateérial, preferably at |east one of a
filler material and a binder material, to prOV|de a desired property or
properties,predycts ard mnadocamayl not bedEBfoﬂtIN@riO Pf@ﬁlﬁﬂltbgldeﬂfﬁdr@&mléﬁ t he
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chem cal oglives salamin&s|c bilivatatuminas, csilicd-imageesiasd dilicadzarconiag, esiliehs

i nclude, for exanple, synthetic and naturally, OCCIIII‘I‘I ng subst anc ?s,
oxi des, cl dperiassi | siiga-benyllias, nasilicaritapiasa) usiliFaRluBINErhIASgnesiIga:

S111 ca- 21 ol i b 350k M S cPidsEAnBRRMld | a5, si i ca i tanias,

ras um naZirconl as, and m Xt ur es of these

material s. @9@ ] Thhes%licﬁcﬁtaly%tY:@tnmmspﬁefémblﬁyr@irﬁpﬂééyabomﬂ%saﬁ about
1% to abou nore preferably about 5% to about 90% and still nore

preferably aM@BV&O@@t@P@é@@b'}B@@Uttﬁ%\k@ﬁ@@m QQanécﬁi'I”a’ﬂoEﬁ preéerallyd an

amount of bo ot o ,ab 9 ref Ut Q 0%
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material. [HO891194N8 MARIF! %r@fpréférhmycaﬁ&lty@% ROFPO Qm%n%ndestﬂl ,
solid particles, conprising the mol eculaf sieve and matrix material, is
convent i onahoreaprferably abowtr 0% to Bbouat 80%nby weightedfanatriximatesial. di scussed in

detall here['0089] The preparation of solid catalyst compositions, e.g., solid

net al

particles, comprising the molecular sieve and matrix material, is conventional
and well known in the art and, therefore, is not discussed in detail here.
[0090] The catalyst can further contain binders, fillers, or other material
to provide better catalytic performance, attrition resistance, regenerability,
and other desired properties. Desirably, the catalyst is fluidizable under the
reaction conditions. The catalyst should have particle sizes of from about 1n
to about 3,000u, desirably from about 5u to about 300y, and more desirably
from about 5u to about 200u. The catalyst can be subjected to a variety of
treatments to achieve the desired physical and chemical characteristics.
Such treatments include, but are not necessarily limited to, calcination, ball
milling, milling, grinding, spray drying, hydrothermal treatment, acid treatment,
base treatment, and combinations thereof.

[0091] As additional methods for controlling the heat generated by the
conversion reaction and, subsequently, the temperature differential in the
reactor, the present invention can include one or more or all of the following

steps: providing a portion of the oxygenate portion of the feed to the reactor



[ 0090] The catalyst can further contain binders, fillers, or other materi al
to provide better catalytic performance, attrition resistance,

r egener abwbioBy9974mnd ot her desired properties. Desirably, pChasoaizabyst is
fluidizable under the reaction conditions. The catal yst shoul d have
particle sizes of fromabout 1 to about 3,000, desirably fromabout 5 to
about 300, and nore desirably from about 5p. to about 200. The catal yst
can be subjected to a variety of treatyents to achieve the desired

physi cal and chem cal characteristics.”“Such treatnents include, but are
not necessarily limted to, calcination, ball mlling, mlling, grinding,
spray dryi nig,a lligdidofonm; pedvidingzatrieast a portibn pttherdiluent todbe neastoriera , and
conbi nations thereof. [0091] As additional. nethods for controlling the heat
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or all of the wng steps:. providing portion of the oxygenate
portion of pdrtiohefdhé fedchean badithier By @08 Sdullie P GT/dIBdBUE20TAth- 3theé n a
liquid form providing at |east a portion of the diluent to the reactor in
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portion of Mn €r oxygenat m xt ure of bot h.

The |iqui dypRibld @armdr dagdiead. cBy grevidingeat portion efcthedfdedt (oxygenagact or,
or entrained or otherwse carried into the reactor with the vapor portion
of the feedani/ondilgent) ibthe auidi phasgahelterparatumeydiffesant@l iy the Rraateon of

the feed (ox nate,, and/ qr diluent) in the. |jquid, phase the tenperature
i {1 er ont | 4T B8, HEteEergioletian THE pYPRARIcc bEt 5f FERCToR, o RBRERI < hea
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endot herm ¢ heat of vaporization of “the liquid portion of the feed.

Cont r ol | i ngheHiquid ppdionhiafthefedd. qGodtrokieg the pveption fof iquitideed ¢o vapor eact or

thus allows control of the tenperature differential in  the gpeactor.
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the reactor. Introduction of liquid feed to the reactor acts in concert with the
recirculation of catalyst and non-reactive solids, providing another
independent variable to improve overall control of the temperature in the
reactor.

[0093] The amount of feed provided in a liquid form, whether fed
separately or jointly with the vapor feed, is from about 0.1 wt. % to about 85
wt. % of the total oxygenate content plus diluent in the feed. More desirably,
the range is from about 1 wt. % to about 75 wt. % of the total oxygenate plus
diluent feed, and most desirably the range is from about 5 wt. % to about 65
wt. %. The liquid and vapor portions of the feed can be the same
composition, or can contain varying proportions of the same or different
oxygenates and same or different diluents. One particularly effective liquid
diluent is water, due to its relatively high heat of vaporization, which allows for
a high impact on the reactor temperature differential with a relatively small
rate. Other useful diluents are described above. Proper selection of the

temperature and pressure of any appropriate oxygenate and/or diluent being



recircul ati on of catal yst and non-reactive solids, providing another

| ndependent variable to inprove overall control of the tenperature in the
react or. w0®38%977he anount of feed provided in a |liquid fecmusehiex7ker fed
separately or jointly with the vapor feed, is fromabout 0.1 wt. %to about
85 w. %of the total oxygenate content plus diluent in the feed. Mre
desirably, the range is fromabout 1 wt. %to about 75 w. % of the total
oxygenate plus diluent feed, and nost n:g{em rably the range is fromabout 5
w. %to about 65 w. % The l'iquid amd’ vapor portions of the feed can be
the sane conposition, or can contain varying proportions of the sane or
different fedyipetised ezaciodwilbeesure dt iefaesﬁeawpodidmisnirsthedi@uiﬂapmasmlaarity
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it enters Qﬂ%lﬁtmﬂ tantheoinlet ane rRd Atca mowlbiplicilyt of lopatieng alqng the a
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reactor. According to one enbodiment, this is done with either the
oxygenat e fdilgnt tpmtnm |afethe faedbotAcnotm‘gplcxpabhyl,s tohproviide domozaliet whidte
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the Tength |glfettzr1)ener %?Crtegcr:tor vaporize gradually along the length of the reactor.
Either of these arrangements or a combination thereof can be used to better
control the temperature differential in the reactor. The means of introducing a
multiplicity of liquid feed points in a reactor or designing a liquid feed nozzle
to control droplet size distribution is well known in the art and is not discussed
here, except in relation to introduction of the liquid fuel to the regenerator.
[0095] Non-reactive solids which contain no molecular sieve are mixed
with the catalyst solids, and used in the reactor, and recirculated to the
reactor and regenerator in one embodiment. These non-reactive solids have
the same capability as.the catalyst to provide inertial mass to control
temperature rise in the reactor, but are substantially inert for the purposes of
oxygenate conversion. Suitable materials for use as non-reactive solids are
metals, metal oxides, and mixtures thereof. Particularly suitable materials are
those used as matrices for the catalyst formulation, e.g., fillers and binders
such as silicas and aluminas, among others, and mixtures thereof. Desirably,
the non-reactive solids should have a heat capacity of from about 0.05 to

about 1 cal/g-°C, more preferably from about 0.1 to about 0.8 cal/ g-°C, and



Ei ther of these arrangenents or a conbination thereof can be used to better
control the tenperature differential in the reactor. The neans of

i ntroduciwgoa/oogrwt tiplicity of liquid feed points in a reacrarsopiz7desi gni ng
a liquid feed nozzle to control droplet size distribution is well known in
the art and is not discussed here, except in relation to introduction of
the liquid fuel to the regenerator. [0095] Non-reactive solids which
contain no nol ecul ar sieve are m xed '%h the catal yst solids, and used in
the reactor, and recirculated to the 3% ctor and regenerator in one

enbodi nent. These non-reactive solids have the same cagabi ity as the
catal yst t omestpteferabhefromaabonts® 1tte abowt O calf ember Evther, [desiably, the

tor, but b ially i : h
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those used as nmatrices Tjor the catalyst fornmulation, e.g., fillers and
bi nders suf0098} si |Onaskilled ial thei ahsvill mppreriatertbat theaménaieactive solidier eof .

Desirably, the non-reactive solids shoul d have a heat capacity of from
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0.1 to abou cal /o~ urther, desira proportion of

non-react i Veaedri gspdratusaiviidrs cohrprisesnambiniet z0nd,1 at readdtiont zorld), anarae
desirably from about 0.05 to about 5. [0096] One skilled in the art will
appr eci at e dinangagiag rzeer e e tange estiqdirgent dhe supertieiak ggs ndlegitydinther t he
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the superficial gas velocity in the reaction zone is above about 1 nm's and
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conditions. At least a portion of the vapor feed then mixes with the
catalyst/solids in the inlet zone and is directed to the reaction zone in which
the oxygenate to olefin conversion reaction takes place. Optionally, a liquid
feed and/or diluent portion of the total feed or various sub-portions thereof
can be directed to the inlet zone and/or to one or more locations in the
reaction zone. With this apparatus, the catalyst/solids can be recirculated
either inside the reactor apparatus or external to the rector apparatus as the
catalyst/solids are recirculated from the disengaging zone to the inlet zone
and/or the reaction zone. As also described, an additional portion of the
catalyst/solids can optionally be removed from the reactor apparatus and sent
to a regenerator to regenerate the catalyst. Catalyst/solids from the
regenerator can be returned to any of the three zones, or can be directed to a
conduit which serves to recirculate the catalyst/solids from the disengaging
zone to the inlet zone or reaction zone.

[0098] A preferred embodiment of a reactor system for the present

invention is a circulating fluid bed reactor with continuous regeneration,



di sengagi ng zone to the inlet zone to maintain the reactor at near

I sothermal conditions. At |east a portion of the vapor feed then m xes

wi th the woaBmdyrst/solids in the inlet zone and is direct@dTtusod/ipz23 eacti on
zone in which the oxygenate to olefin conversion reaction takes place.
Optionally, a liquid feed and/or diluent portion of the total feed or
various sub-portions thereof can be directed to the inlet zone and/or to
one or nore locations in the reaction ne. Wth this apparatus, the

catal yst/solids can be recirculated e€ither inside the reactor apparatus or
external to the rector apparatus as the catalyst/solids are recirculated
from the disimilgaty agnedera flud catalytia eacken& ixethbeds atehBot peacticalfor thee. As
al so descri bed, an additional rtion the catal.yst/solijd n. .
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system f or RIREUBliQIEEhlow Presawke;, W idengity BA8ul ating fluid bed reactor with
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amount greater than about 1.5 w % preferably in the range of from about
2 Wt %to dimxlitedon(sovmetirogs refeaiedrtabay a risemkeactotydhen a pediaradbtie 2 wt %

to about 20ca\4t\glyg/? e)lciIiné rt]r?e rtoepagiI t%re riesac?orhrhggt t\)/ee Irgt%irrt\é/d {ol medrieza%por inlet via
a catalyst recirculation conduit. This is different from a typical Fluid Catalytic
Cracker (FCC) riser reactor, where all or most of the catalyst exiting the top of
the reactor is sent to the regenerator. The return of coked catalyst directly to
the reactor, without regenerating the coked catalyst, allows the average coke
level of the catalyst in the reactor to build up to a preferred level. By adjusting
the ratio of the flow of the coked catalyst between the regenerator and the
reactor, a preferred level of coking, or "desirable carbonaceous deposits,"
can be maintained.
[00100] If the fluidized bed reactor is designed with low superficial gas
velocities, below about 2 m/sec, then cyclones alone can be used to return
catalyst fines to the fluidized bed reaction zone. Such reactors generally have
high recirculation rates of solids within the fluidized bed, which allows the
coke level on the catalyst to build to a preferred level. Similarly, in one
embodiment, a regenerator will operate with a gas superficial velocity of or
below about 2 m/s, preferably greater than about 1 m/s. A preferred

embodiment of a reactor apparatus comprising a riser for use in the present



bed reactor (sonetines referred to as a riser reactor), then a portion of
the catalyst exiting the top of the reactor nust be returned to the
react or iwbeB/wi7a7 a catal yst recirculation conduit. ThisPc3/usos/izeent from
a typical Fluid Catalytic Cracker (FCC) riser reactor, where all or nost

of the catalyst exiting the top of the reactor is sent to the regenerator.
The return of coked catalyst directly to the reactor, w thout regenerating
the coked catalyst, allows the average coke |evel of the catalyst in the
reactor to build up to a preferred |levéd4d-By adjusting the ratio of the

fl ow of the coked catal yst between the regenerator and the reactor, a

preferred ligyeitiodf isHRipidted geherdligss fPIretHaF IBUREEAURethapobided, 12 iscatn be
mai nt ai ned. [00100] If the fluidized bed reactor is designed with |ow
super f i ci alleastspantially oiapogzed bl wrelrater fnel skewn) e eyethanelsfegdoise can
be used to retyrn, catalyst fines tqo the f]luidi zed d.reaction zone. Such
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preferred level. Simlarly, 1n ohe enbodinent, a regenerator will operate
wi th a gas raethandl, diftethevedtalyst gtredmer22 bat 28, sndukeep pressupe aistrumhent
greater than about 1 m's. A preferred enbodinent of a reactor apparatus
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sui t abl e neatalyst feed to the reactor, or any combination of these methods.
[00101] The reactor effluent 16, containing products, coked catalyst,
diluents, and unconverted feed, should flow to a disengaging zone 18. In the
disengaging zone 18, coked catalyst is separated from the gaseous materials
by means of gravity and/or cyclone separators. A portion of the coked
catalyst 22 is returned to the reactor inlet. The portion of coked catalyst 22 to
be regenerated is first sent to a stripping zone 29, where steam or other inert
gas is used to recover adsorbed hydrocarbons from the catalyst. Stripped
spent coked catalyst 23 should flow to the regenerator 24. The portion of the
catalyst sent to the regenerator 24 should be contacted with a regeneration
medium, preferably a gas comprising oxygen, e.g., air, 30 introduced through
regeneration medium inlet 31, at temperatures, pressures, and residence
times that are capable of burning coke off of the catalyst and down to a level
of less than about 0.5 wt %. The preferred temperature in the regenerator is
in the range of from about 550°C to about 725°C, a preferred oxygen

concentration in the gas leaving the regenerator is in the range of from about



I ncl udi ng but not necessarily limted to cooling the reactor with a

catal yst cooler (not shown), feeding sone of the nethanol as a |iquid,

cool i ng tWe o3ogd7at yst feed to the reactor, or any conbi natcenises/117bese

nmet hods. [00101] The reactor effluent 16, containing products, coked

catal yst, diluents, and unconverted feed, should flow to a di sengagi ng
zone 18. In the disengaging zone 18, coked catalyst is separated fromthe
gaseous materials by means of gravity and/or cyclone separators. A portion
of the coked catalyst 22 is returned-t3 the reactor inlet. The portion of
coked catalyst 22 to be regenerated is first sent to a stripping zone 29,

where steam oryoPbhies abBat b vall35, 4i5d USEéféPed Rafpst radidends dintey i inciebons
fromthe catalyst. Stripped spent coked catalyst 23 should flowto the

r egener at orraige of renpaboutohtaébautel 0coirmitest sent to the regenerator 24
shoul d be cgn tfed_ wth a , regeneration nediu eferably a gas
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reactor product gases 20 should be cooled, the water byproduct condensed
and collected, and the desired olefin product gases recovered for further
processing.
[00104] In order to determine the level of coke in the reactor and in the
regenerator, small samples of catalyst periodically can be withdrawn from
various points in the recirculating system for measurement of carbon content.
The reaction parameters can be adjusted accordingly.
[00105] As noted above, there are certain situations where it is desirable
to add supplemental heat to the reactor/regenerator system. When starting
from at or near ambient temperature, the regeneration zone 24 is initially
heated with hot air, by combusting a gaseous or liquid starting fuel in auxiliary
burner 32 with regeneration medium 30 introduced through regeneration
medium (air) inlet 31. In one embodiment, the combustion occurs at or
upstream of the regeneration medium inlet. As long as there is sufficient
catalyst, say, up to a level 33, in the regeneration zone 24 to cover the
heating fuel inlet 34, and provided that the temperature in zone 24 is above

the autoignition temperature of the liquid fuel, then the heating fuel, e.g., a



gas, steam or nethanol vapor introduced via lift gas line 25. The process
should repeat itself in a continuous or sem -continuous manner. The hot
react or pwodsot7gases 20 shoul d be cool ed, the water bypreduasozegensed
and coll ected, and the desired ol efin product gases recovered for further
processing. [00104] In order to determne the | evel of coke in the reactor
and in the regenerator, small sanples of catalyst periodically can be

wi t hdrawn from various points in the recirculating system for measurenent
of carbon content. The reaction parameers can be adjusted accordingly.

[ 00105] As noted above, there are certain situations where it is desirable

to add suppicerrily diquitefiell ah e irdactedrintee gen esgareraors zeme 2hdhroaghr ti ng
fromat or near anbient tenperature, the regeneration zone 24 is initially
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is sufficient catalyst, say, up to a level 33, in the regeneration zone 24
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zone 24 is above the autoignition tenperature of the liquid fuel, then the
heating fuedd e.g., a WD 03/099747 PCT/US03/ 12723 -36 normally |iquid
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dense fluidized portion of the catalyst is maintained between |evel 33 and
| evel 36 offirstisingfenauwxilianyPuBee3224. [00107] Wien the regenerator zone 24
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amount of heat required to bring the temperature of the catalyst and
reactants to a temperature capable of initiating and sustaining the oxygenate
conversion. Heated catalyst can be circulated within plural risers
simultaneously, if necessary, to effect rapid start-up.

[00109] The heating fuel employed for the present invention exhibits
certain properties. It must be clean with low, if any, sulfur, nitrogen or metal
compound impurities. Typically, such impurities are individually present in
amounts by weight of less than 100 wppm, 10 wppm, 1 wppm, or even less
than 0.5 wppm. Additionally, such heating fuel exhibits a low autoignition
temperature, typically, no greater than 371°C (700°F), e.g. 232° to 271°C
(450° to 520°F). These temperatures can be reached in the regenerator zone
24 by operating the auxiliary burner 32 alone. In order to avoid the formation
of localized “hot spots” within the reactor apparatus, the heating fuel has a
molecular weight of at least 150, say at least 170, in order to promote a slow
burn during combustion. The heating fuel can be a torch oil having the
properties noted above.

[00110]  Paraffins having the properties described above and ranging from

12 to 20 carbons are especially suited to use as the heating fuels used in the



first using the auxiliary burner 32. [00108] The flow rate of heating fuel
can be varied according to the anount of heat required to bring the

t enper at Wwe 000947 cat al yst and reactants to a tenperat ureTaspaind’es of
initiating and sustaining the oxygenate conversion. Heated catal yst can be
circulated wwthin plural risers sinultaneously, if necessary, to effect
rapid start-up. [00109] The heating fuel enployed for the present invention
exhibits <certain properties. It nust be clean with low, if any, sulfur,
nitrogen or nmetal conpound inpurities3/Fypically, such inpurities are
individually present in amounts by weight of Iess than 100 wopm 10 wppm

1 wppm or peesentligesntidrnamd BrebpraierablyAddirhalynid did, i.e Uliduit emidien anfbieht
exhibits a |ow autoignition tenperature, typically, no greater than 371C
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liquid, i.e., |lTqurd under anplen con ions, say, roomtenperature and
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[00112]  Another preferred embodiment employs as a heating fuel C,, to
C,, branched paraffins. Such materials are available from ExxonMobil
Chemical under the name Isopar®. Isopar® 12 (containing C,, hydrocarbons)
and Isopar® 14 (containing C,, hydrocarbons) are especially suited to use in
the present invention. The number refers to the average carbon number of
the material.
[00113]  Still another preferred embodiment employs as a heating fuel
dearomatized aliphatic fluids available from ExxonMobil Chemical, such as
Exxsol® D80 (containing C,,~-C,; hydrocarbons), Exxsol® D100 (containing
C,;-C,, hydrocarbons), Exxsol® D110 (containing C,,-C,s hydrocarbons),
Exxsol® D120 (containing C,,-C,; hydrocarbons) and Exxsol® D140

(containing C,,-C,o hydrocarbons).



Norpar(r) fluids all have a flash point above 140F and are nornmal paraffins
whi ch have been isolated from kerosene. Norpar(r) 12 and Norpar(r) 14 are
especi al lwogiotead7 t o use in the present invention. The numoerusogizes to the
average carbon nunber of the material. [00112] Another preferred enbodi nent
enpl oys as a heating fuel Cl2 to C20 branched paraffins. Such materials
are avail abl e from ExxonMobi| Chem cal under the nane |sopar(r). |sopar(r)
12 (containing C72 hydrocarbons) and Isopar(r) 14 (containing Cl4

hydr ocar bons) are especially suited tod&e in the present invention. The
nunber refers to the average carbon nunber of the material. [00113] Still
anot her pratleaAmes enbodi nent enploys as a heating fuel dearomatized

al i phatic fTuirds avail able from ExxonMbil Chemical, such as Exxsol(r) D80
(cont ai ni ngl.C12 ACpoaepd focmakingsan ofefinspriogduyt immoan exygenate fepdstack 14

hydr ocar bons), xsol (r) D110 (containing Cl4-Ct6 hydrocarbgn xsol (r)
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C16- C19 hydrocar, JsesVWO 03/ 099747 PCT/ US03/ 12723 -38- CLAIM5S 1 A process
for maki ng an ol efi'n product from an oxygenate feedstock in the presence
of an oxygenat e d)ocaritatting rablleast ar psitione of dhel gedalyshiwith acmgenesaion a)
contacting at |least a portion of the catalyst with a regeneration nedium
in a regenerati SREYHALM HTERDAAURD 28NS r egeneration zone to a first

t enper at ure of 2.5 egdi L i zone
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c) feeding to said regeneration zone a heating fuel having an
autoignition temperature less than the first temperature and containing
less than 500 wppmw sulfur and less than 200 wppm nitrogen, thereby
causing the heating fuel to ignite and provide a heated catalyst;
d) circulating said heated catalyst to the reaction zone; and
e) additionally contacting the feedstock in a reaction zone with said
oxygenate to olefin molecular sieve catalyst including said heated
catalyst, under conditions effective to convert the feedstock into an

olefin product stream.

2. The process of claim 1 wherein said catalyst is heated to at least
316°C (600°F) in the regeneration zone prior to the step of feeding the

heating fuel.

3. The process of claim 1 wherein the regeneration zone has a fuel inlet
and an air inlet capable of providing an airflow through said
regeneration zone, located upstream from said fuel inlet in relation to
direction of said airflow, and the process further comprises (1)
combusting a starting fuel comprising of natural gas with an air stream

from said air inlet thereby imparting sufficient heat content within said



causing the heating fuel to ignite and provide a heated catal yst; d)
circulating said heated catalyst to the reaction zone; and e) additionally
cont act i ngotosed7erdst ock in a reaction zone with said oxpgensvgidies ol efin
nol ecul ar sieve catal yst including said heated catalyst, under conditions
effective to convert the feedstock into an olefin product stream 2. The
process of claim1 wherein said catalyst is heated to at | east 316C (600F)
in the regeneration zone prior to the step of feeding the heating fuel. 3.
The process of claim1 wherein the regé®ration zone has a fuel inlet and
an air inlet capable of providing an airflow through said regeneration

zone, |ocated upsheRamatibhoBneaicdobtim shitl 8fstitmperatuieoat be nedr thetflen of
said airflow, and'the process further conprises (1) conbusting a starting

fuel conpri sing iolet and (2)afeeding tivet eatingaiue! trouginsaiifoeh iplgtd air inl et
thereby inparting sufficient heat content wthin said WO 03/ 099747
PCT/ US03/ 12723 -39 regeneration zone to obtain said first tenperature at

near t h_thf uelypd Brlo"ctefsérb‘ﬁ clatrh 3 ﬁﬁﬁ’drﬂﬂ%ﬁﬁé‘? coRirised fIIH@'Sth% Bﬂara‘%ﬁind fuel

i nI et. process of clalm3 whi urther ‘conpris | ng t

regener at| on zme\/\Mth said dcatalyst yota tlevel sudfficient b fdovee rdaid dueloirdet sai d
fuel inlet before the conbusting step gl) and addi ng addi tional catal yst
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6. The process Qfatélygti m 1 wherein the heating fuel is a liquid fuel which
contains less than 100 wppmw S and | ess than 100 wppnw N. 7. The process of
claiml1l wherein at |least 50 wt % of said heating fuel is

5. The process of claim 3 wherein the catalyst is heated to at least 316°C

(600°F) in the regeneration zone prior to the feeding step (2).

6. The process of claim 1 wherein the heating fuel is a liquid fuel which

contains less than 100 wppmw S and less than 100 wppmw N.

7. The process of claim 1 wherein at least 50 wt% of said heating fuel is

a C,,-C,, hydrocarbon fraction.

8. The process of claim 1, wherein at least 75 wt% of said heating fuel is
a C,,-C,, hydrocarbon fraction and further said heating fuel has an
autoignition temperature ranging from 232°-271°C (450°-520°F) and

contains less than 10 wppm sulfur and less than 10 wppm nitrogen.
9. The process of claim 1, wherein said reaction zone comprises a riser.

10. The process of claim 1, wherein the heating step (b) occurs before the

contacting step (e).



a Cl11- C20 hydrocarbon fraction. 8 The process of claim1l, wherein at |east
75 Wt % of said heating fuel is a Cl2 Cl9 hydrocarbon fraction and further
sai d heatwogsbesgh7 has an aut oi gnition tenperature rangi ngcirrusns/2323 271C
(450-520F) and contains |less than 10 wppm sul fur and |l ess than 10 wppm
nitrogen. 9. The process of claim1, wherein said reaction zone conprises a
riser. 10. The process of claiml, wherein the heating step (b) occurs
before the contacting step (e). WO 03/099747 PCT/ US03/ 12723 -40 11. The
process of claim1, wherein the heati ng0step (b) occurs concurrently wth
the contacting step (e). 12. The process of claim1l, wherein first

contacting 15t ep Tha) preeess drfdbin 1hevigain naesthenting) stéps. (byhecaugcess of
claim1l1, wherein said heating fuel contains |less than 10 wppm sul pher and

| ess than 10 wpgenoitrenthewith the cantastingsters (&dddi ng heat to a reactor system
havi ng an oxygenate to olefin reaction zone and a catal yst regeneration
zone wherein catalyst is cycled fromthe reaction zone to the regeneration

zone and frigm t Ree Z;srsesg%%im FA0fe e fife cbﬁ@%ﬁhgryé&@éy oddifs BRtdted

conprising: fluidiZing catalyst I'n the regeneratioh zone in the presence of
an oxygen cont ghehegtingsteph@dt i ng the catalyst in said regeneration zone
to a first tenperature; introducing a heating fuel into the regeneration
zone wherein the heating fuel has about 500 wppm or | ess of sul fur and has

fhan the ot TEAsErertohoRi N, MEran B0 rafid BT cbAEBR BhBumig™
provi de a heat egyppat sliyphler aAldeds Handi M@pbheniregead catal yst into the
reacti on zone.

14. A method of adding heat to a reactor system having an oxygenate to
olefin reaction zone and a catalyst regeneration zone wherein catalyst
is cycled from the reaction zone to the regeneration zone and from the
regeneration zone to the reaction zone, the method comprising:
fluidizing catalyst in the regeneration zone in the presence of an
oxygen containing gas;
heating the catalyst in said regeneration zone to a first temperature;
introducing a heating fuel into the regeneration zone wherein the
heating fuel has about 500 wppm or less of sulfur and has about 200
wppm or less nitrogen and an autoignition temperature greater than
the first temperature but no greater than about 482°C (900°F) to
provide a heated catalyst; and

providing the heated catalyst into the reaction zone.

15.  The process of claim 14 which further comprises:
contacting said catalyst with an oxygenate feedstock under conditions
sufficient to convert said oxygenate to an olefin-rich product and said
heating fuel has about 100 wppm or less of sulfur and has about 100

ppmw or less nitrogen.



15. The process of claim 14 which further conprises: contacting said

catal yst with an oxygenate feedstock under conditions sufficient to
convert sawpd3oygenate to an olefin-rich product and sai dpcmambs/my23 uel has
about 100 wppm or | ess of sul fur and has about 100 ppnw or |ess nitrogen.
WO 03/099747 PCT/ US03/ 12723 -41 16. The process of claim 14 wherein said
heating fuel contains a total of no greater than 20 wppm of netal sel ected
fromthe group consisting of nickel and vanadium 17. A process for
initially increasing the tenperature efla reactor system for making an

ol efin product from an oxygenate feedstock in the presence of an oxygenate
to ol efin nolecular sieve catalyst which process conprises: a) contacting
at least a portion of the catalyst with a regeneration nediumin a

regener at i d6. zorde piocesatdf wipigal4 wheyeire saidi beatinghiuel goataing attotadifer at ur e

of at |east 225C (43(F), c),feeding.to . .said regenerati on zone a.heating
fuel having an n&ér&ag‘?ﬁ) tlhiaBn'Z({ whRa} gf meéafagsckeﬂ’aﬁ°'iﬂﬂ‘bef9%§ ONHSEPLt ur e
and cont ai ni ng df‘?nﬁ:‘ke?]gﬁ&vgﬂg iWePm sul fur and | ess than 200 wppm ni trogen,
t hereby causing the heating ?ue to ignite and provide a heated catal yst;

and d) circulating said heated catalyst to the reaction zone. 18. The
process of claim 17 which further conprises: e) additi f)nal |y contacting the

feedstock ilf-a reREQGEsS fobitially: WCEeasINg dhg JemReEAtES Bf 8f fedClR YSIRMr si eve
Ca YS! ok L9480 iRl SR e BB o T GEBAR R e O
presence of an oxygenate to olefin molecular sieve catalyst which
process comprises:
a) contacting at least a portion of the catalyst with a regeneration
medium in a regeneration zone;
b) heating said regeneration zone to a first temperature of at least
225°C (437°F),
c) feeding to said regeneration zone a heating fuel having an
autoignition temperature less than the first temperature and containing
less than 500 wppm sulfur and less than 200 wppm nitrogen, thereby
causing the heating fuel to ignite and provide a heated catalyst;, and

d) circulating said heated catalyst to the reaction zone.

18.  The process of claim 17 which further comprises:
e) additionally contacting the feedstock in a reaction zone with said
oxygenate to olefin molecular sieve catalyst including said heated
catalyst, under conditions effective to convert the feedstock into an

olefin product stream.



