1 7 NOvV 2004 1 METHOD FOR CONVERTI NG OXYGENATES TO CLEFINS The present

invention relates to a method for converting a feed including an oxXygbtaiigl

to a product including a light olefin. Light olefins, defined herein as

et hyl ene, propylene, butylene and 5 m xtures thereof, serve as feeds for

t he production of nunerous inportant chem cals and polyners. Typically,

| i ght olefins are produced by cracking, petrol eum feeds. Because of the

limted supply of conpetitive petrolelm™ feeds, the opportunities to

produce | ow cost light olefins frompetroleumfeeds are limted. Efforts to

develop light ol efin production technol ogi es based on 10 alternative feeds

have increased. QMETHOY FOR CONVERTING (XVYEENATES TO'OLBEING 0duct i on of

light olefins is  oxygenates, sudc ; , S, particularly

nmet hanol and ethanol, dinmethyl ether, methyl ethyl ether, diethyl ether,

di met hyl car borkheepresemd imventioh rélatesiosa mMéthgd 6dr cdraeetimyxadeodit es nay be
gas, derived from natural

pr oduced bﬁ 1aiferment atién, or fr,om.synthesi

gas, pet r dNEHAING an Grygenats to Gproduckingiyding afight elefinudi ng coal , recycl ed
pl astics, muni qi; t ' ' f the w de
variety of sou?’c‘!@?‘, OIEQﬁ%o omeggl‘%gwo%g@?!e\%'aéﬁ) 3@!‘%%’%?‘%@?933%9%& es
have psonimixtures dnereed cservé aslfeeds forghe productionafrianéouslimpbtiant ef i n

production, 2Q Because |ight efips are desirable products, research has
focused orfneml 5(@"‘?8‘?'3@%{ ?-mRJXP I .H'shyplaﬁ% a5e progustdby crackingresear ch

has al so f | [ Oy - S,

parti cul a%@]&gﬂtﬁggﬁ?aégggé ?ﬁ%ﬁgﬁﬁﬂgﬁgﬂg%}#ﬂ%%%me it is
expensi ve feedsdharapperiungies tegiradatekow cashlighyblefinsdfom petiotsunefeads e, for
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reactign VMlerhath/ReRds VifSreakeg to olefins is exothermc and
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appar at us. Thi $&n inmpertantiype iof alternate feed fon tise: produstiparaitight oléfiné és ent i al
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ethanol, dimethyl ether, methy! ethy] ether, diethyl ether, dimethyl carbonate,
and methyl formate. ‘Many of these oxygenates may be produced by

15 fermentation, or from synthesis gas derived from natural gas, petroleum
liquids, carbonaceous materials, including coal, recycled plastics, municipal
wastes, or any organic material. Becausé of the wide variety of sources,
alcohol, alcohol derivatives, and other oxygenates have promise as an
economical, non-petroleum source for light olefin production.

20 Because light'olefins are desirable products, research has focused on
methods for optimizing the yields of light olefins. Research has also focused
on methods for reduging undesirable by-products, particularly light saturates
such as methane and ethane, because it is expénsive to separate light
saturates from light olefins. For example, for ethylene recovery, a typical

25  recovery train requires a cold box, a de-methanizer, a de-ethanizer, and an
ethylene/ethane splitter.

The reaction which converts oxygenates to olefins is exothermic and
contributes to an overall temperature increase in a conversion reactor
apparatus. This temperature increase may cause a temperature differential in

30  the reactor. A temperature differential results when the temperature at the




17 NOV 2004 2 portion of the reactor, in which the reaction ends is higher
than the tenperature of the portion of the reactor in which the reafcViNop200
begi ns. Because the product selectivities of an oxygenate to olefin
conversion reaction are, at least in part, tenperature dependent, the
tenperature 5 increase across the reactor affects the product slate of the
conversion reaction. As the tenperatuje in the reactor increases, |ight
saturate production increases. Various nethods have been used to renove or
manage the heat of reaction in order to maintain the tenperature of the
reaction zone in a desired range. 10 United States Patent No. 4,071,573 to

Onen et  PortiBATF the esactoNpiwhidh tﬁ@rresétimémm:sqﬂgn@rqhbnrméct i ons of
aliphatic hetero compounds, such as al cohols, halides, mer capt ans,
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tenperature in the reactor is to conduct the conversion reaction at a gas
superfi mmbnagbcbluehpabbf tezctiontinorder tognaintainthe éeroperature ofthesuperfi ci al

velocities ngss t han _about 1 neter per second, an oxygenate to olefin
conver si dR@ %FPBﬁ'B@c regTandg: constant 25 tenperature, i.e.
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and gas phases In the reaction. However, as the gas superficial velocity
appr oachder pfiagting chemita veastions. of aliphatis hetere mmomc& sugh@sre of the
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portion of the catalyst used in the fluid catalyst operation. The method

15 described in the Owen et al. patent employs a catalyst recycle to each of the
catalyst contact zonés. Additionally, a quench gas distributor is employed in
the reactor to furthericontrol exothermic conditions in the reactor. The
distribution of cataiyst or quench gas to discrete reactor zones requires
additional equipment and controls, both of which add to the cost and

20 complexity of the reactor system. |

Another method for maintaining temperature in the reactor is to

conduct the conversion reaction at a gas superficial velocity of less than 1
meter per second. At gas superficial velocities less than about 1 meter per
second, an oxygenate to olefin conversion reaction occurs at near constant

25 temperature, i.e., isc;thermai conditions, due to a high degree of back mixing
of both solid and gas;ibhases in the reaction. However, as the gas superficial
velocity approaches plug flow behavior, i.e. 1 m/s, the isothermal nature of the
conversion reaction is lost due to a decrease in the amount of back mixing of
solid and gas phases that occurs as the gas superficial velocity increases. As

30 the solid and gas 'phi:-lses n'iove through the reactor, the temperature of the
reactor increases. For exémple, United States Patent No. 4,513,160 to



reactor increases. For exanple, United States Patent No. 4,513,160 to 17
NOV 2004 -3 Avidan describes a process for the conversion of al cohol’s7a8# 200t
oxygenates to hydrocarbons in a turbulent fluid bed reactor. Avidan

descri bes that, when wusing a ZSM5 zeolite catalyst, the turbulent regine

I s obtained when the superficial fluid velocity is 0.5-7 feet per second
(0.15-2.13 m's). Lee colum 5 7, |lines323-65. Thus, a need exists in the
art for a nethod useful for maintaining the desired reaction tenperature,
managi ng the heat of reaction, providing good vyields of the desired
product, and avojding the production of undesirable by- products, such as

|i ght sat/fdHaB casgribega progessior e senversiareaf alsehelsi Xygenatestent needs
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i nventi on dsing a"RSN-8 ¢eblitercataipst, tHe t@@%hﬂ'ﬁme%_dbi@iﬁaer%éh ﬁﬁehe term
“reactor apparatus” refers to an_ apparatus I ch includes at |east a place
i n whi ch Svprexfejahliuid velpatyds 067 feetparaesond (CetieRit@misikSeemolumn As
further, us;qecaii gs[ﬁ_g the term"reaction zone" refers to the portion of a
reactor5 app n |ﬁ' whi ch the oxygenate to olefin conversion reaction

takes place andrings,REed CRY FRHE art i e melifod LN for $RshRiningths ! " ab! Y.
the reactor apparatus inclkudes a reaction zone, an Inlet zone“and a

di sengagi rigsieadeattien temperaturs, managing thepbeai afireattiongpradidinggocd

appar at us ,j | ; al yst. .are.introduced. . The "reaction zone"
e e, poniPHR obihe et e aPaylici bl doioMain ireRoEi plidesrabin bt e

with the gqabdlys] suthies lighhgatrates apbfgkel ve to convert the oxygenate _
portion of the_ feed into a |ight olefin product. The "di sengagi ng zone" is

the po0tion of Thepresan inkentippselvesdhe current meede in thenaistdly providing a

addi ti onal | A v re arated.fromthe products.
Typi cal | _y,m g“ﬁ@gE{ﬂ?‘éﬁmﬁﬁaefe??%ﬁgg%.%ﬁ§§vq)%?§isgﬂ a hfgdpf '_BFI(')"%H}%aand t he
di sengagi night olefin. Trree methed! obthel presenEineehtion L EAdULIE@PA réS8oF he

a feed including an oxygenate; and contacting

I ﬁlal 19 \éméggiarsﬁ"tpg?;tée’éct% Mgg‘ggg{’%’f‘-dge\l\?ﬂ “rpagterapraratusc refersitp annon- zeol i ti c
ol ecul ar jpgr&usMiich includes at least a place in which an oxygenate to olefin
15 conversion reaction takes place. As further used herein, the term "reaction
zone" refers to the pprlion of a reactor apparatus in which the oxygenate to
olefin conversion reaction takes place and is used synonymously with the
term "reactor." Desirably, the reactor apparatus includes a reaction zone, an
inlet zone and a diséngaging zone. The "inlet zone" is the portion of the
20 reactor apparatus infd which feed and catalyst are introduced. The "reaction
zone" is the portion qf the reactor apparatus in which the feed is contacted
with the catalyst under conditions effective to convert the oxygenate portion of
the feed into a light c?leﬂn product. The "disengaging zone" is the portion of
the reactor apparatufs in which the catalyst and any additional solids in the
25 reactor are separated from the products. Typically, the reaction zone is
positioned between the inlet zone and the disengaging zone.

The method of the present invention comprises the following steps:
providing a feed including an oxygenate; and contacting the feed in a reactor
apparatus with a catalyst including a non-zeolitic molecular sieve, the

30  contacting taking place under conditions effective to convert the oxygenate to
a product including a light olefin, the conditions including a gas superficial




30 contacting taking place under conditions effective to convert the
oxygenate to a product including alight olefin, the conditions incﬂdbﬂﬂbzwﬁ
gas superficial 17 NOV 2004 4 velocity of at |east one neter per second.

The met hod may include an additional step of recirculating a first portion
of the catalyst to recontact the feed. The gas superficial velocity,

I ncl udi ng any diluents present in the ,r 5 feedstock, is maintained at a
rate greater than 1 neter per second Zﬂfs) at any point in the reactor.
Desirably, the gas superficial velocity is greater than 2 nis at any point
in the reactor. Mire desirably, the gas superficial velocity 1is greater

than 2.5 VEigciy oPlIdust BheirflotehBef SacbRl.. TREGHeMBUInar MA@ ¥y the  gas

superficial velocity is greater than 4 ms at any po reactor.
Most 10 dedditiomalysteprof rgeiscidating & fficstaportien af ithe catalyst tateontagnh@ M s at
any point_in the reactor. The nethod of the present invention may be
conduct eofep *a reactor apparatus having an. inlet zone, a reaction zone

and a di sengagyRg gendupdriGial VAaGY), IRcIEaR S BRLERS petth g veen the

inlet zone and the di sengagi ng 15 “Zone. S reactor apparatus a feed
i ncl udi ndeadstockg nenaintainedsat a rate igreaten tiean Aaneter pee skeenid (w/sj@itt acted in

the reaction zone with the tal yst;..the rodyct . is separated fromthe
catal yst §7 PRELIR mﬁ]wqﬁrgc@%ﬂéﬁ%p S gas g‘i‘ﬁ’"éﬁc‘abﬁ?‘F’F’&h's&mﬁm thahal yst is
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si | i coal usignestesthant2eS mis &t ahppointdndhe Toastor.aBdentnhere dedirablyattes of the
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converti ngaslofgenates to a light olefin product, it is desirable to

The method of the present invention may be conducted in a reactor
apparatus having an.inlet zone, a reaction zone and a disengaging zone, the
reaction zone being faositioned between the inlet zone and the disengaging

15 zone. Inthis reactor;apparatus a feed including an oxygeriate is fed to the
inlet zone; the feed |s contacted in the reaction zone with the catalyst; the
product is separatedffrom the catalyst in the disengaging zone; and the first
portion of the catalyst is recirculated from the disengaging zone to the inlet
zone.

20 In the present:invention, the non-zeolitic molecular sieve is desirably a
silicoaluminophosphjate molecular sieve.

These and otﬁer advantages of the present invention shall become
apparent from the fol‘lowing detailed description, the attached figure and the
appended claims.

25 The Figure provides a series of plots showing the temperature profile
along the length of tﬁe reactor for each of the cases described in the example.

When converf_i'ng oxygenates to a light olefin product, it is desirable to
maximize the production of light olefins, and to control, typically to minimize,
the production of by-products, such as light saturates and Cs’ compounds.

30 The method of the pfesent invention accomplishes this result by providing that
an oxygenate is contéacted with a catalyst at a gas superficial velocity of at



maxi m ze the production of light olefins, and to control, typically .t
mnimze, the production of by-products, such as |light saturates aﬂdfﬁﬁzwk
conmpounds. 30 The method of the present invention acconplishes this result
by providing that an oxygenate is contacted with a catalyst at a gas
superficial velocity of at 1 7 NOV 2004 5 | east one neter per second to

I ncrease the selectivity of the reactiqy to light olefins and to reduce

t he production of unwanted by-products.¥Additionally, in the nethod of the
present invention, a portion of the catalyst is desirably recirculated to
recontact the feed to nmanage the heat produced by the 5 exothermc
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met hod of restdt, the peesentrireentionrproivideslincrgmsedight blefihsihieldahaci ty. As used

herei n ang_j | ai the term "gas superficial velocity" is defined
as the cogg%;ﬂae#a?oﬁxf%‘ﬁ%sﬂe rate of 20 vaporized feedstock;. including
dil uesd whi ch 4athd procesastithé résfé?mtﬁr%%}ﬁ- cl, CONYEI S

products, divided b;? t he _:cross-%sgact I ona fg?]ég fg?&{‘ﬂglﬁﬂ%ga%ﬂﬁg\gg%g
Because tABd@Mydikigands, is coptanted ida reactoprarcursaction zonengith a datalyet ol ef i n

vary at dft PReReBRRSS EoRREE R AL REpraskiBe oz RCnab BkiaNgly on the |
bar 1 ol &y Lacht Lan Rt oA et e RpaalR eRsstre ot her
P el evant mgy, (¢eight hourly space velocity), gas ’suberﬁTi)aI velocity éng, optionally,
15  an effective amount of diluent, correlated to produce light olefins. These
process conditions afe described below in detail.
One important process condition of the method of the present invention
is the gas superﬂciaifveiocity. As used herein and in the claims, the term,
"gas superficial veloc;ity" is defined as the combined volumetric flow rate of
20  vaporized feedstock;including diluent which can be present in the feedstock,
and any conversion products, divided by the cross-sectional area of the
reaction zone. Becéihse the oxygenate is converted to a product including a
light olefin while flowing through the reaction zone, the gas superficial velocity
may vary at diﬁerent-_locations within the reaction zone depending on the total
25 number of moles of g_ras present and the cross section of a particular location
in the reaction zone, femperature, pressure and other relevant reaction
parameters. In one embodiment of the present invention, the gas superficial
velocity is maintainetfl at a rate of greater than 1 meter per second (m/s) at at
least one point in the reaction zone. Desirably, the gas superficial velocity is
30  greater than about 2 m/s at at least one point in the reaction zone. More

desirably, the gas suiperficial velocity is greater than about 2.5 m/s at at least



parameters. In one enbodi ment of the present invention, the gas super%hci%
velocity is maiintained at a rate of greater than 1 neter per second k 0t
at at least one point in the reaction zone. Desirably, the gas superficial
velocity is 30 greater than about 2 mis at at |east one point in the
reaction zone. More desirably, the gas superficial velocity is greater

than about 2.5 ms at at least 1 7 NOV 2004 -6 one point in the reaction
zone. Even nore desirably, the gas suﬂ%rf|0|al velocity is greater than
about 4 m/s at at |least one point in the reaction zone. Most desirably,
the gas superficial velocity is greater than about B ms at at |east one
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olefins in't ena e conversion reaction. Wie gas superficial
vel ocity wpmmﬁmatenmancabom §irofs atall B@Dﬁlﬁlﬁhe&eatﬁﬂﬂf’tiw of the catalyst

or der to mai nt MG 348 SRR SLPRPIeRE g R e tafds IiFeafl ke, M T
| sot her ma, 5 GARARKtbYSg HBWIBEhSVRF ST he dadas mewiegincthetreactor. As the gas
15 superficial velocity increases above 1 m/s, a reduction in axial diffusion or
backmixing of the ge_ses results from a reduction in internal recirculation of
solids, which carry gas with them. (ldeal plug flow behavior occurs when
elements of the homc'}geneous fluid reactant move through a reactor as plugs
moving parallel to the reactor axis). Minimizing the backmixing of the gases in
20 the reactor increases the selectivitg';‘to the desired light olefins in the
oxygenate conversmn reaction.

When the gastsuperf icial velocity approaches 1m/s or higher, a
substantial portion of,the catalyst in the reactor may be entrained with the gas
exiting the reaetor. 'Ii’hus, in order to maintain at least near plug flow gas

25 behavior and near isothermal conditions in the reactor, the method of the
present invention may also employ recirculation ofa portion of the catalyst
exiting the reactor to recontact the feed. This recirculation may occur either
within the reactor apparatus or outside the reactor apparatus.

The mass of rlecircullating catalyst is used to control the temperature

30 differential in the reaé:ior by absorbing a portion of the heat generated by the
conversion reaction. The temperat'ure is controlled by controlling the amount



present invention may al so enploy recirculation of a portion of the

catalyst exiting the reactor to recontact the feed. This recirculafﬁ%”uﬂgwb
occur either wthin the reactor apparatus or outside the reactor

apparatus. The mass of recirculating catalyst is used to control the
tenperature 3o differential in the reactor by absorbing a portion of the

heat generated by the conversion reaction.', The tenperature is controlled
by controlling the anount 17 NOV 2004”7 "of catal yst which is recircul ated.
For the present invention, "tenperature differential” is defined as the

change In tenperature fromthe inlet zone to the outlet of the reactor.
, The " out bekatdlystvisich i tdcirulkted. NEof fRChsenl m‘()@h%h themperagient s (f eed,
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t enper at udiffesentialeis defined-amthe ehangein tempersture framatl'ce inlettzonetedthecont ent
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only occur to any s:gmﬁcant extent in the reactor when the oxygenate has
15 become a vapor. {;
In this invention, the temperature differential in the reaction zone
(reactor) is desirably maintained at iess than 100°C, which is defined herein to
be the upper temperéture limit of “near isothermal conditions." More
desirably, the temperature differential is maintained at less than 50°C. Most
20 desirably, the temperature differential is maintained at less than 30°C. 1tis
desirable to maintain a low temperature differential as possible in order to.
create conditions which are as close to near iscthermal as practical in the
reaction zone (reactc}f).
Desirably, the'rate of catalyst, comprising molecular sieve and any
25  other materials such’-;'as binders, fillers, etc., recirculated to recontact the feed
is from 1 to 100 times, more desirably from 10 to 80 times, and most desirably
from 10 to 50 times the total feed rate of oxygenates to the reactor. Desirably,
a portion of the catalyst, comprising molecular sieve and any other materials
such as binders, fillers, etc., is removed from the reactor for regeneration and

30 recirculation back to the reactor at a rate of from 0.1 times to 10 times, more



25 other materials such as binders, fillers, etc., recirculated to

recontact the feed is from1l to 100 tines, nore deS|rany from10 th7§8V2WL
times, and nost desirably from 10 to 50 tines the total feed rate of
oxygenates to the reactor. Desirably, a portion of the catalyst,

conprising nol ecul ar sieve and any other materials such as binders,

fillers, etc., is renoved fromthe reacéor for regeneration and 30
recircul ati on back to the reactor at a Tate of from0.1 tinmes to 10 tinmes,
nmore 1 7 NOV 2004 8 desirably fromO0.2 to tines, and nost desirably from
0.3 to 3 tinmes the total feed rate of oxygenates to the reactor.

Desi rably, de§patsip it Bi2 t6°9 'Tﬁ’féss lahd rﬁBétQ!éﬁi@blﬂr@M% ad Pivne’lié total

materials such as binders, fillérs, etc. should have a heat capacity of
fromO.1 ﬁeed)rateoﬁbkmer[atemmq)rQSCMIably from0.1to 0.8 call ¢g-C, and

nost preferably .2 to cal / femperature useful to
convert oxygenall8$ 5‘11 @@iyém%“%'ﬂawlﬁvéﬁfﬁ'%c%‘ﬂf Qﬂlﬁpendl ng, at

| east i n Pifdterialg syr?g dEBIRGYR, filléraS efd. %ﬁb?ﬂhé‘ie aheafcap gp in a

catal yst m xture, he configuration of the reactor I 0 dppara us and t he
reactors Ata rlmyb-ﬂenmeemeferablwfwmm)m to ©.8 08l g6, tantl mshprqferabiscul ar

t enper at ur b resul e obtained if the process is conducted at a
tenperaturgmmﬁ%tlﬂ)@%‘ﬁtf%éc desirably from 250C to 600C, and nost
desirably from 39dGe hﬁ: ﬁﬂﬁ?ubemllo%ﬁ%é ér%ﬁﬂlf’ﬁ@‘\ﬂddlle?‘iﬁ n | over

rates of reaction, ornmation rate of the des t oefln
products i ovena viide sangerdepeadings ableast inHpak a theamatalgshéhetfmchen gf eat er

b oduct s, EedpitarBletf BV in A Rore HTbRGna iR ERaRbn as HH efbcidr.”
catal y$§ "@pphAROSBNUSAe rEbetdr. Ntaaagnlueé bfé%e‘ﬁt irivehabms not liffited fo ROt

necessarily I n opti mum anounts - range of pressures I ncluding,
but not |i partinuiardemperatyrecoest rpmmmw ﬁamssnsmoducte@atto 5

N Se B o) 20RO R 7D0E kS B SE R e AR et T 20
if any, andiespaBly fiom!300°Ca6IS00°C. Newertetpdratuiés beadraly result @ m to
oxygenat e corrpounds and/ or. m xt ures
rates of reaction, and the formation rate of the desired light olefin products
15 may become markedly slower. However, at temperatures greater than 700°C,
the process may not form an optimum amount of light olefin products, and the
rate at which coke and light saturates form on the catalyst may become too
high.
Light olefins will form — although not necessarily in optimum amounts —
20 at a wide range of préssures inciuding, but not limited to, autogeneous
pressures and pfessita-res from 0.1 kPa to 5 MPa. A desired pressure is from
5 kPa to 1 MPa and most desirably from 20 kPa to 500 kPa. The foregoing
pressures do not include that of a diluert, if any, and refer to the partial
pressure of the feed Ja_s it relates to oxygenate compounds and/or mixtures
25 thereof. Pressures éutside of the stated ranges may be used and are not
excluded from the scope of the invention. Lower and upper extremes of
pressure may adversely affect selectivity, conversion, coking rate, and/or
reaction rate; however, light olefins will still form and, for that reason, these
extremes of pressuré are considered part of the present invention.
30 The process 6f the present invention is continued for a period of time
sufficient to produce the desired light olefins. A steady state or semi-steady



25 thereof. Pressures outside of the stated, ranges may be used and are not
excl uded fromthe scope of the invention. Lower and upper extrenes df/ NOV200¢
pressure nay adversely affect selectivity, conversion, coking rate, and/or
reaction rate; however, light olefins will still formand, for that reason,
these extremes of pressure are considered part of the present invention.

30 The process of the present invention is continued for a period of tine
sufficient to produce the desired |ight’ olefins. A steady state or

sem -steady 17 NOV 2004 9 state production of light olefins nay be attained
during this period of tinme, largely determ ned by the reaction

t enper at ugg, etstSthﬁﬁwr @&tfdﬂfrhrefsa{ngygé %tfla?ﬁéc?@ihﬁﬁ% tﬁigﬁa,e?%r‘tinﬁ&

recircul ate ent catal Y regenerati o wel'ght hourly
space vel tarpely, dateemingukby the sdactiohdemiperatare] the perssued dtieashtalPstpr ocess

design characteristics. A wde range, of Vs for the o enat e .conver si on
reaction, se@g}qé‘éﬁe %ﬂ%‘@?{ewﬁ#ﬂ Sﬂﬁfy\ggﬁix% the lene q)’(%ggﬁpgﬁt'ﬁﬁne per
hour per | | S ht ' tod {on zone,
function ﬁ%ﬁ%hetwopr S%%’[%bﬁ{ﬂe\léﬂtﬁ)i{;ﬂ%é: g%éem?'gf g%lﬁ(%@gaeﬁn%?@é?ggﬁgéé eaction
zone i ficl poecess| design chageterigtidsn bot h t he vapor and |iquid phase. Although

t he catal yst . contain terials which act as inerts, fillers or
bi nder s, %/he %ﬂfesrar}% gMéwg&Q{%WPat%@%fgm regciMecul ar si eve
in the catgk ' s td ' | ' nough to
Imati ntain F%L'M%gta gmés‘ ﬁlt ﬁf-ﬁgﬁf?ﬁ?glﬁ %%tosﬁgﬁ g%&éﬁ)(ﬂ@ét éggt ?%‘}F;Wg%ngl t?gns

and wi t hi of Mudecdacsievein the natalyst an tlnreactiod eengnfunclioaith the t he WHSV i s
from1 hr "' t?.SOO . hr .de irlrably fr r’r12 hr" 1to 3000, hr', and nost

desi r abl y PRSI ATENtoR, TigptalSoloennieldihgi reagion 2ans ingvdesols od t hat
Oper afh ON aRfadrkte 4% WO HevaSoraad liquidGHRLE! AIPRUBRARE cBRalpst MayHSV gr eat er
than 20 hr' " feduces the nethane content in the product slate of the
conver si ogoptgi othel mateniels whichcachas ipeds, fillers onbindens, theddHiSMaISI y oper at ed
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desi r abl y ré&qidnione.’ The VBRB WIS’ desitabiyshigh idnotighas Invaibtih ehé edtalyslin t he
reaction conditions for making olefins
a fluidized state under the reaction conditions and within the reactor
15 configuration and deéign. Generally, the WHSV is from 1 hr ** to 5000 hr ',
desirably from 2 hr' {6 3000 hr™', and most desirably from 5 hr' to 1500 hr"'.
The applicants have discovered that operation of the oxygenate to olefin
conversion reaction at a WHSV greater than 20 hr' reduces the methane
content in the product siate of the conversion reaction. Thus, the conversion
20 reaction is desirably operated at a WHSV of at least 20 hr”’. For a feed
comprising methanol, dimethy! ether, or mixtures thereof, the WHSV is
desirably at least 20 hr'! and more desirably from 20 hr™' to 300 hr'.
It is particularly preferred that the reaction conditions for making olefins
from an oxygenate cbmprise a WHSV of at least 20 hr™* and a Temperature
25 Corrected Normalize@;l Methane Selectivity (TCNMS) of less than about 0.016.
As used herein, TCN'MS is defined as the Normalized Methane Selectivity
(NMS) when the tem.'jp'erature is less than 400°C. The NMS is defined as the
methane product yield divided by the ethylene product yield wherein each
yield is measured on or is converted to a weight % basis. When the
30 temperature is 400°C or greater, the TCNMS is defined by the following

equation, in which T is the average temperature within the reactor in °C:



from an oxygenate conprise a WHSV of .at least 20 hr' and a Tenperature 25
Corrected Normalized Methane Selectivity (TCNVS) of |ess than about 107 RO6200L
As used herein, TCNVS is defined as the Nornalized Methane Sel ectivity
(NVS) when the tenperature is |ess than 400C. The NVMS is defined as the

met hane product yield divided by the ethyl ene product yield wherein each
yield is neasured on: or is converted t.0 a weight % basis. Wen the 30
tenperature is 400C or greater, the T is defined by the follow ng
equation, in which T is the average tenperature within the reactor in C 1
7 NOV 2001 -10 NVs TCNMS = 1 +(((T-400)/400) x 14.84). Oxygenate conversion
shoul d be nmai ntained sufficiently hiqmw§o avoid 5 the need for
comercially unacceggﬁg lLevels of feed recycling. Wile 100% oxygenate

conversion is desir the |y avoiding feed recycle,
a reduction in unwanted by- proﬁﬂm‘oj@?{p@gg@%%ﬁequently when t he
conversion is BhaleeebnversitpesHoiy Bé infgintdinéd safficiantly High 0 2vaill t he feed
can be commercially,. acceptable, conversion rates from 50%to 1£]98% are io

desi r esl. thmneed;fm‘rmran"@mﬁﬂy unacaeptableule‘é%ls iof feed teGyghing WhilsgtdQ%% about
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recircul amnvenswnals aghrasdessr Sinmeaeayelingdinia g mughyas SPemet

configuration; feed conpositio e to vapor
feed (as WPP%@"BF&!&@&@%&P e'acgg%fﬁq o%téggj ?nr cu?‘d%d’géca él yst; degree
of caiql Y 8sf 6806 rAABS nfdy 96 medaie irthisnainge -2 5006 to sbut

conversion. During the cohversion of oxygenates to gﬁt ol L ﬁ'b
car bonace58% emsm@snm@bee@ﬁmﬂtmrb fami ﬂféod?ﬁrﬁq’?%PfQ Ga’iyoﬁﬁ!’ BriBBe t he

conver si on r : ol Jghaceous

deposi ts B, @ Héﬁ‘ﬁé@ﬁﬁ ﬁ'%[ﬂ%mceté%g “g"'%“fa ﬁﬁard@%ﬁﬁpyst o convert

t he oxygepwirg cfoIﬁ‘é fénh\blhglf_ltreactlon temperature pressure; flow rate (weight hourly
space velocity and/or gas superficial velocity); catalyst recirculation rate;

15 reactor apparatus configuration; reactor configuration; feed composition;
amount of liquid feed relative to vapor feed (as will be discussed beiowy),
amount of recirculated catalyst; degree of cataiyst regeneration; and other
parameters which affect the conversion.

During the coﬁversion of oxygenates to light olefins, carbonaceous

20  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'capebility of the catalyst to convert the oxygenate feed to light
olefins. At this point;l the catalyst is partially deactivated. When a catalyst can
no longer convert an oxygenate to an olefin product, the catalyst is considered

25 to be fully deactivated. As an optional 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 depoéits are at least partially removed from the catalyst.

30 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 re-circulated without regeneration. The regenerated catalyst,



olefins. At this point; the catalyst is partially deactivated. Wen

catal yst can no |onger convert an oxygenate to an ol efin product, ﬂﬁbNUVZWL
catal yst is considered 25 to be fully deactivated. As an optional step in
the process of the present invention, a portion of the catalyst is

wi thdrawn fromthe reactor apparatus and at |east a portion. of the
portion renoved fromthe reactor is pgﬁﬁLaIIy, if not fully, regenerated
in a regenerator. By regeneration, it IS meant that the carbonaceous
deposits are at least partially renoved fromthe catal yst. 3o Desirably,

the portion of the catalyst withdrawmn fromthe reactor is at |east

partial |y yigpef Withodt codhtty, i€ IinveimBa té it reictdh eDesikably Stheirstel dre 1 eact or
apparatus is re-circul ated without regeneration. The regenerated catal yst,

1 7 Nov 2udthdrawingthenpettion aftbe catedyst forgegeneration is dtam Betfhtto 9Sfe of eact or .

Desirably,, 1 he.r of -1 hdr.aw,ng_the pqrtion of .the catal.yst for
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reactor. \pp% @ESO%2ANG, nidie desirably Sfrom@B%%o! 0 50% and, nost
desirably, fromO0.5%to 5% 5 Desirably, a portion of the catalyst,

conpri $i ng nol d3esimbly; apertioniofdhe catalysir compeasingl molacular sieve antbasy
fillers, etc. nmoved fr.am,t he ‘ﬁeactor for rgﬂfnerﬁ{i on ftn

oo reul atdioey maleriag S SRbYR ST . 46 Brmevediom e aekidor 10 ¢ e,

more desi rragbNeration Shd rédircRldioAsackas the'Redctérest 4 ARbYof P00 fmkgt8 ti mes

the total feed rate of oxygenates to the reactor. These rates pertain to io
t he cat al ydttimes; aione dgsirablydiom 0.2 teddimes, gndmastodesiably fromu@ia to 3

- i | i ds, e f I id L. I
non-  eact itfees B4 {688 teEaTelsibrobigehelsd 1o réerpt; Trest RuBsiRbiatliny
recircigl atthe@ab@glt dehthitng Aatdcardiéve ¥alyYand @eSfotinélede nendebEile
Proportion to the content. of non-reactive solids in the total solids. 15
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are desired _ regeneration gases. ,The oxygen concentration in air can be
reduced t $o4d90 control led | evel to ninin ze overheating of, or creating

hot spgts in, thEsirably, the catalyst regeneration is carried out in the presence of a
gas comprising oxygen or other oxidants. Examples of other oxidants include,
but are not necessarily limited to, singlet Oz, Os, S03, N2O, NO, NO2, N2Os,
and mixtures thereof. Air and air diluted with nitrogen or CO. are desired
regeneration gases. ‘The oxygen concentration in air can be reduced to a

20 controlled level to minimize overheating of, or creating hot spots in, the
regenerator. The catalyst may also be regenerated reductively with hydrogen,
mixtures of hydrogen and carbon monoxide, or other suitable reducing gases.

The catalyst rr;*i;ay be regenerated in any number of methods -- batch,
continuous, semi-coﬁﬁnuous, or a combination thereof. Continuous catalyst

25 regeneration is a desired method. Desirably, the catalyst is regenerated to a
level of remaining coke from 0.01 wit% to 15 wit% of the weight of the catalyst.

The catalyst regeneration temperature should be from 250°C to 750°C,
and desirably from 500°C to 700°C. Because the regeneration reaction takes
place at a temperature considerably higher than the oxygenate conversion

30 reaction, it may be desirable to cool at least a portion of the regenerated
catalyst to a lower temperature before it is sent back te the reactor. A heat



regenerator. The catal yst. may al so be regenerated reductively w th hydrogen,
m xtures of hydrogen and carbon nonoxi de, or other suitable reduci nd HNgeai
The catal yst may be regenerated in any nunber of nethods -- batch,

conti nuous, sem -continuous, or a conbination thereof. Continuous catal yst
25 regeneration is a desired nethod. Desirably, the catalyst is regenerated
to a level of remmining coke fromO.QLkWw%to 15 wt % of the weight of the
catal yst. The catal yst regeneration ténperature should be from 250C to
750C, and desirably from500C to 700C. Because the regeneration reaction
takes place at a tenperature considerably higher than the oxygenate
conver si ogycHarigRrfddAEd dxterfBltdPiedegbnéizisr iyt lised td mmbveasomet | on of

t he regenerate catalyst to a | ower 'tenperature before it is sent back to
t he react beat fromdhe catalysiafiatibhas beenwithahawn frarpdbe degeneratar. t o t he

b wi ¢ hilmhthe BaenRERtEd saraVEL s Codtesh Bie cesm AR R IO K ol et s
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hi gher to l'ower than the tenperature 5 the catalyst withdrawn from
t he resct of theMatalysbwithdbawn fiom the remctasd Moreadesieshly,ibisiearied thal0C to

Coactor  IEMRSIBNE IR 5 200wy tih e Timediang® @Mhe IR or i on
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regener at catalyst tromthe regenerator 1s returned to a reactor io0
appar at useither some portior of therkacton dppajétusnthey catglysd regenerstar@sdotdn zone,

Fect rcul apten feegarersted e fon TarearASR g JoREREY Y ALBRERL, Lone.
Di recg, or abﬁgidtﬁﬁtit rﬂa@rtﬁé”gétﬁméd’toohetd?&ﬁgﬁﬁiﬁ& z6AkatHeeatlibr zbhe, react or or

regenerat of serves to- reduce the average tenperature in the reactor or
r egener at and/arshdidet zamg., tanay plss be rjumedito @ songduit which:teciigulakes | east

tially, d i vat ed,.cat.al vst_that h i ; di |
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first. ThidfrodtictibRiHge ¢abidetcaalyseimsl tHiyraiton dioreyepratopsayegas over the

spent catal yst at an el evated tenperature. Gases suitable for stripping
i ncl ude sredune the average temperature in the reactor or regenerator.

15 Desirably, catalyst regeneration is carried out at least partially
deactivated catalyst that has been stripped of most of readily removable
organic materials (organics) in a stripper or stripping chamber first. This
stripping can be achiféved by passing a stripping gas over the spent catalyst at
an elevated temperaiure. Gases suitable for stripping include steam,

26 nitrogen, helium, arg‘@m, 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 0.1
h' to 20,000 h™'. Acceptable temperatures of stripping are from 250°C to
750°C, and desirably from 350°C to 675°C.

25 The process of the present invention for converting oxygenates to light
clefins empioys a feed including an oxygenate. As used herein, the term
"oxygenate” is deﬁnéd to include, but is not necessarily limited to,
hydrocarbons containing oxygen such as the following: aliphatic alcohols,
ethers, carbonyl corﬁpounds (aldehydes, ketones, carboxylic acids,

30 carbonates, and the Sike), and mixtures thereof. The aliphatic moiety
desirably should contain in the range of from one to ten carbon atoms and



20 nitrogen, helium argon, nethane, C02, CO hydrogen, and m xtures
thereof. A preferred gas is steam Gas hourly space velocity (GHSV, 182E¥d00i
on volune of gas to volune of catalyst and coke) of the stripping gas is
from0.1 h'' to 20,000 W Acceptable tenperatures of stripping are from
250C to 750C, and desirably .from 350C to 675C. 25 The process of the
present invention for converting oxygeiates to light olefins enploys a

feed including an oxygenate. As used herein, the term "oxygenate" is
defined to include, but i's not necessarily limted to, hydrocarbons
contai ni ng oxygen such as..the follow ng: aliphatic alcohols, ethers,

car bonyl Wer8esEablydndbe yaege okkevrens tafouscriborcatemsisRepresentaiiveat es,
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Representative oxygenatgs include, but are not necessarily Iimted to,
| ower st reuitphle oxygenales ineludenkit areinsh aecessariy liviited tapthet fokdwingnsat ur at ed
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| sopr 0panéther;%rnet@)etﬁéﬁqmmeetﬁeh %{iiﬁaﬁc"“ etﬁéﬁ%étpgi fSRiniaye: et her;

di ethyl ether; di-isoprop ; or mat e; rmal dehyde; di - net hyl
car bonat eformatdejlyde; dy-methylrarberateamsthii ethy earbomateacstonbcandhf .

Desi rably, . te in thel co i tion.i | ected f
the or ou s EREDD Drtitdily dfe oaFaERRY BB e RehyPthion matfiot Rer cor
Mor e desi gglbttediffsmakiaioap eonsisting bR Avtharidledingithll her aadplixiupesl to the

react or apparatus nmay contain additional conponents, such as diluents. One

or rmoHe t Meikg dgsirally tie oxygenate it methanale The totalichacge ofdeades, such

and 99 od5i e eeEt AP FATBoNERT Al bAR corfo e AP O an 0 e, b
are not necess@nelor more tihderite mdyebe figd tathgoreactibh zopewitiethiebon  nonoxi de,

car bon di oxi de, h%dro en, water, paraffins, other rrlydroc_ar bons (such as
met hane) , 81a55&te ihahthe tolgl feed mixpee comerisss Sipest inarargeidlent s.

i nclude, byl PRRIACENE SRS Dilubhi8 WAkhiMay WRl&hpRYEd M tRPHRRess
15 include, but are not riecessari!y limited to, helium, argon, nitrogen, carbon
monoxide, carbon diéxide. hydrogen, water, paraffins, other hydrocarbons
(such as methane), aromatic compounds, and mixtures thereof, Desired
diluents include, but are not necessarily limited to, water and nitrogen.
~ The catalyst suitable for catalyzing the oxygenate-to-olefin conversion
20  reaction of the present invention includes a molecular sieve and mixtures of
molecular sieves. Mplecular sieves can be zeolitic (zeolites) or non-zeolitic
(non-zeolites). Useﬁil catalysts may al-so be formed from mixtures of zeolitic
and non-zeolitic molecular sieves. Desirably, the catalyst includes a non-
zeolitic molecular sié’,_\'fe. Desired molecular sieves for use with the process of
25 the present inventiori_j'- include "small’ and "medium” pore molecular sieves.
“Small pore” molecufar sieves are defined as molecular sieves with pores
having a diameter ofiis!ess than 5.0 Angstroms. “"Medium pore” molecular
sieves are defined as molecular sieves with pores having a diameter from 5.0
to 10.0 Angstroms. |
30 Useful zeolitic molecular sieves include, but are not limited to,
mordenite, chabazite, erionite, ZSM-5, ZSM-34, ZSM-48 and mixtures thereof.



The catal yst suitable for catal yzing the oxygenate-to-ol efin conversign 20
reaction of the present invention includes a nolecul ar sieve and mi xt 4@y 2004
of nol ecul ar sieves. Ml ecular sieves can be zeolitic (zeolites) or
non-zeolitic (non-zeolites). Useful catalysts nay also be forned from

m xtures of zeolitic and non-zeolitic nolecular sieves. Desirably, the
catal yst includes a non- zeolitic nolegqlar sieve. Desired nol ecul ar sieves
for use with the process of 25 the present invention- include "small" and
"medi um' pore nol ecul ar sieves. "Small pore"” nolecul ar sieves are defined
as nol ecul ar sieves with pores having a dianmeter ofless than 5.0

Angst r omspetibds ofimiking theseanoletularsievessarer knakai imihe arbandineedinot si eves

with pores having a dianmeter from5.0 to 10.0 Angstrons. 30 ef ul
seolitic heldisaysseddierseSruruimleyPas AT sall Rote MOJRGUIAT S6ves thal 368, « e
chabazite,_ .£0,i.0n ' r . 17 NOV
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need not AReWIIBIKUEHAS, OBRe CHI DAC,DBR, ENicERIf GOGIKFIpLEY, id\cul ar
sieves that -are suitable for use in_this ipventjon ..nclude A AFT, APC,

ATN, ATT, LEA, MOMAPAY PHERIHOCROGCHHO, nd sybstituteg formsinerggly ke LEV,

LOV, 5 LT T ' r eof .
Structura#t't“g@z?l %%&%&df?ﬁ?gom eéeu arr %lag%%!g[i%; g%ﬁ%‘éﬁ?ﬁﬁ g‘?for use
in this irnywémimri iheluMFEIMENEMTVMTE‘UCEWTNHEU,IﬂEEB. AEB, ABLO, AEL,
T_C]\I, and substituted forns_thereof. T_hr?_.se smalk and n@dl um _orél rm{auecul ar
si eves ar 8 Qhisand substituied fasmedherrafqiThesg small apd meqiumparemelesuidlic yr al

Types. 10NN MBI qischiBlalh dredtbr BBtaiffH ihelAtR!d ZdRliteSRlctplI T ibs, 1997,

the detai cripti S explicitly 1 ncorporated hHerein by
r ef er gmncew .M MeierandiDidp0tseph ButtenettrElginemean, drded;; 4887 dhenon- zeol i ti ¢
nol ecul ar sieves that are:useful i I nventi.on. SAPGCs

conpri se SetailgddeRion qﬁﬂ?'cﬂ#%l?gﬂiﬁ“gﬁg%%sé gﬁﬂd ﬁ?rg%%fqgﬁ'}%ct ure of
[t o he ot rut e A e B O 2o el | Tand
Pat t on, Jmdlagsiar Gheves, thabare 398G begresamdndentione dSAROE GAIMBGUR 8r si eves
Wil exhi tﬂ'i'nxftee(-)c?l?neor{sitgrl'n)a[ﬂemiit:.ropt:n'ous crystal framework structure of [SiOa)}, [A102]
15 and [PO2] tetrahedral units. The way Si is incorporated into the structure can
be determined by 28gi MAS NMR. See Biackwell and Patton, J. Phys. Chem.,
92, 3965 (1988). The desired SAPO molecular sieves will exhibit one or more
peaks in the 2Si MAS NMR, with a chemical shift [(Si)] between -88 to -96
ppm and with a combined peak area in that range of at least 20% of the total
20 peak area of all peaks with a chemical shift [(Si)] between -88 ppm to -115
ppm, when the [(Si)} -fchemical shifts refer to external tetramethylsilane (TMS).
It is desired thiat the silicoaluminophosphate molecular sieve used in
this invention have arelatively low Si/Al; ratio. In general, the lower the SifAl>
ratio, the lower the C‘,I1-C4 saturates selectivity, particularly propane selectivity.
35 A Si/Al; ratio of less than 0.65 is desirable, with a Si/Al; ratio of not greater
than 0.40 being preférred, and a SiAl; ratio of not greater than 0.32 being
particularly preferred: A Si/Al, ratio of not greater than 0.20 is most preferred.
Silicoaluminophosphate molecular sieves are generally classified as
being microporous materials having 8, 10, or 12 membered ring structures.
30 These ring structures can have an average pore size ranging from 3.5-15

angstroms. Preferréa are the small pore SAPO molecular sieves having an



peaks in the 29Si MAS NVR, with a chem cal shift [(Si)J between -88 to -96
ppm and with a conbi ned peak area in that range of at |east 20% of tlheNQV 2004
total 20 peak area of all peaks with a chemical shift [(Si)] between -88
ppmto -115 ppm when the I (Si)] chemical shifts refer to external
tetramethylsilane (TMS). It is desired that the silicoal um nophosphate

nol ecul ar sieve used in this inventiqnld“ugve arelatively low Si/Al12 ratio.
In general, the lower the Si/Ai2 ratio, the |lower the Cl-C4 saturates
selectivity, particularly propane selectivity. 25 A Si/Al12 ratio of |ess
than 0.65 is desirable, with a Si/Al2 ratio of not greater than 0.40 being

pr ef er r edangéifoms SiPYeferféd bk Ple $all pbRABAPO hleduidsibeesibavingrdn cul arly
preferred:'""A Si/A 2 rati:o of not %&eater than 0.20 is nost Prreferred.
i

Si | i coal uaverggeRpeatize nengiag fram 3.5dp3 angstrgmscmare prefesably freaud&s bei ng

Those: 11 b S aaetfutsr Jedpreides Hre SRR FDbiR ictRs FEMd 5 15

angst r onmsmphISéRid migSr € the small pore SAPO nol ecul ar sieves having an 17
NOV 2004 -15 angstrons. Preferred are the small pore SAPO nol ecul ar sieves
havi ng an avelmgengtalssiicoatuminaphagphatenmglesulas SIEVESRAMPISE anpr e

f bly f 4.0 , ' jgal of
ol coul arneiee! TEAMaNPrs of pR LA B SO AN s EDatetahbla ™ ©
silicoal Uaﬁﬁéphﬂ@@%eofwn@éwbmis%iﬁe&ﬁﬁe P EBNVETENG vanBle ey gendtegmewor k of
cor ner-shari r&& S,I;quy&t[Aloz]’ and [P0O2] tetrahedral units. This type of

f r amewor kinte e $.n converting various oxygenates into olefin

products. The 0 e I I'1s Wit i r ucture of the
1o nol ecul ar shﬁ%ﬁ@z‘ﬁ#}?{hqﬁ@&ﬁfﬁ%ﬁ@ﬁ%gg%@%@?%e%%@,@% ety of
CONMPOgRj t i Rivteculbik SIENVESS thik inRRRIONIIZPSHE Provided by @ variegy obopmpositions. i ncl ude
phosphoric acid, organic phosphates such as trjethyl phosphate, .and
al um nophExamales of thase phaspbrbtotRNAENDE CRMRPSRIGNS G PROSPRONE xed wi t h

Leact e B SRR AU R AR chOGRRge! LAASIHRBpbbnaRer o 2t €
wi thin t hghbrphosphibkoss-tontsining cempbsiiions are mixed with reactive silicon and
aluminum-containing:' compositions under the appropriate conditions to form
15 the molecular sieve,

The [AIQ.) tetrahedral units within the framework structure can be
provided by a varietyj of compositions. Examples Qf these aluminum-
containing compositions include aluminum alkoxides such as aluminum
isopropoxide, aluminum phosphates, aluminum hydroxide, sodium aluminate,

20 and pseudoboehmité. The aluminum-containing compositions are mixed with
reactive silicon and phosphorus-containing compositions under the
appropriate conditions to form the molecular sieve.

The [SiOz] tetrahedral units within the framework structure can be
provided by a variety: of compositions. Examples of these silicon-containing

25 compositions include_." silica sols and silicium alkoxides such as tetra ethyl
orthosilicate.. The sili:con-containing compositions are mixed with reactive
aluminum and phosp:horus—containing compositions under the appropriate
conditions to form the molecular sieve.

Suitable silicoaluminophosphate molecular sieves include SAPO-5,

30 SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAP0O-20, SAPO-31,
SAPQ-34, SAPO-35; SAPO-36, SAP0O-37, SAP0-40, SAPO-41, SAPQ-42,



provi ded by a variety, of conpositions. Exanples of these alum num
cont ai ni ng conposi tions include al um num al koxi des such as al umi num? 7 NOV 2004
i sopropoxi de, al um num phosphat es, al um num hydroxi de, sodi um al um nate, 20
and pseudoboehnmite. The al um num cont ai ni ng conpositions are m xed with
reactive silicon and phosphorus-containing conpositions under the
appropriate conditions to formthe nolgcul ar sieve. The [SI Q2] tetrahedral
units within the franework structure™cah”be provided by a variety, of
conposi tions. Exanples of these silicon-containing 25 conpositions include
silica sots and silicium al koxi des such as tetra ethyl orthosilicate.. The

ohosphor S ATONTAr BT R e T ond o P ePahing Rxina ferdet BB Tone o

form the mpkteret tiersof \Rreféived akd SARQDHB) SAPOINISAPORS, SWPOc4yar si eves
i nclude SAPO-5, 30 SAPO-8, SAPO 11, SAPQ 16, SAPO-17, SAPO 18, SAPO- 20,

SAPO 31, asAiSAPQ-4%maricdataSAPR-18aphSAPOSdhindudingthemetal sapo. 42, 17

and it oo BenpheIafye HErgbt, ang ML aneflhe RELss AT B0 6 50, 7"
and SAPO fxtupals syntryolsSHBIPC NGt BRI 3¢ consiabied & eotipositirbf

containing forms thereof, and m xtures thereof. As used herein, the terms
m xt ure i Matigndeyingubvo Rl MoEe FEMPANEHES Khvalying pieporiansd regardigssseflt i on of
matter ha inrg ﬁgﬁrt re conponents in varying proportions, regardl ess of
t heir phy P S9%ydi tional ol efin-forni ng nol ecul ar sieve materials

can-be nixed wiadaiticrizf oifinifoanirg motetinansiale ntstbrbsdan be Angéd odth Sever al

types of nolecular o0 sieves exist, each of: which exhibit different

proper t i ethe siliceaiumingphasphstecatalvat if deiiredpbeverahiypesiaf vedjecular are

suitapl e [ N | Sel ' ' AR TT, AN,
Ay B i SEyedeRisk ool Sr WRER i Wt eAtheoelysy SimAliiteiapds of ' 1o
MON,  PAU, sl pdréimholetidar, Sldvesanat ameduitdble ferduseinithist ineeatdn indiuidet ur al
types of nedium pore nolecular sieves 15 that are suitable for use in this
i nvent i onAEHCAEEeAﬁﬁ-,ATI\Pﬁ;L/}WEWK AS, CHA, CHI, DAC, DDR,

EDI, ERI, GOO, KF), LEV, LOV, LTA, MON, PAU, PH!, RHO, ROG, THO, and
substituted forms thereof. Structural types of medium pore molecular sieves

15 that are suitable for use in this invention include MFI, MEL, MTW, EUO, MTT,
HEU, FER, AFO, AEIL, TON, and substituted forms thereof. Preferred
molecular sieves which.can be combined with a silicoaluminophosphate
catalyst include ZSM}S, ZSM-34, erionite, and chabazite.

Substituted SAPOs form a class of molecular sieves known as

20 “MeAPSOs,” which are also useful in the present invention. Processes for
making MeAPSOs are known in the art. SAPOs with substituents, such as
MeAPSOs, also may; be suitable for use in the present invention. Suitable
substituents, “Me,” inblude, but are not necessarily limited to, nickel, cobalt,
manganese, zZinc, tit'a:inium, strontium, magnesium, barium, and calcium. The

25  substituents may be {incorporated during synthesis of the MeAPSOs.
Alternately, the subsiituents may be incorporated after synthesis of SAPOs or
MeAPSOs using maﬁy methods. These methods include, but are not
necessarily limited to ion-exchange, incipient wetness, dry mixing, wet mixing,
mechanical mixing, énd combinations thereof. .

30 Desired MeAPSOs are small pore MeAPSOs having pore size smaller
than about 5 Angstrdms. Small pore MeAPSOs include, but are not




HEU, FER, AFO, AEL, TON, and substituted forns thereof. Preferred

nol ecul ar si eves which.can be conbined with a silicoal um nophosphat el 7 NOV 2004
catal yst include ZSM5, ZSM 34, erionite, and chabazite. Substituted SAPGCs
forma class of nol ecul ar sieves known as 20 "MAPSGs," which are al so
useful in the present invention. Processes for making MeAPSGs are known in
the art. SAPOs with substituents, suchyas MeAPSCs, al so maybe suitable for
use in the present invention. Suitable "t. substituents, "Me," include, but
are not necessarily 1llimted to, nickel, cobalt, manganese, zinc,

titanium strontium nmagnesium barium and calcium The 25 substituents

may be i NeRICREEAIS Hnfitd B NiISAPDLS A SCOBAPTR UL NRSKPO-1Y LG68AFD M7, the
substituents may be incorporated after synthesis of SAPGs or MeAPSGs using

many net heasl miktgres thertgafds i ncl ude, but are not necessarily linmited to.

I on- exchange, iJcipient t ness, m.xi ng, .wet  m xi mechani cal

m xi ng, and cp;fﬂPﬂ'@??@?@%ﬁg?se@}lfﬂéé)B&éﬂ-‘gﬁ“%‘&ﬂﬁsés%‘g%ﬁ pore MeAPSOs
having porfIepF(Ss s Eé 'aﬁ?th'%y?guo%?f’ HiolScBOSIEVEeS that P& be Re/ita

bléror efsk
include, but are not 1 7 ; : E -17 necessarily limted to, N SAPO 34,
CoSAPGs 34 in thespresent inveatiopOwith tesired MeAROskaing soaliqgiore MeAPsohosphat es

ol ccul ar FePeseRes kifiaki BEAXOF 8P rBan dbe at SOl SEbeBeSVE | on,

wi th desi riﬁ@luitagfﬁmra%d?%e&ggéériwqahﬁt_éuqemel;Pm?mg’ac?fes@;hi MeAPGCs

are known in the art. Sui-table substituents 1nclude, but are no
necessar i ltigamiumi, strentiompmagnesiuropbatiympand aslgivm. Zihecsubstituents may

heor por BB AR e AT Friide v vk MRAPOS, PUBRAOBH; e %,

subst ijp UueUbstRIENEE MdyByE PRoASG Etat] bRér SHHILESS iof ALPOY-BMenPOE ABRy usi ng

many met hods. Thenet hods i nclude, but are not necessarily limted to ion-

exchange, many methedseThe gaethads inglude.putiase nqmﬁﬁgassarmtﬁmiﬁe@dp i@M«i ng, and

conbi nati %&%hgﬂﬁé,el%ipient v:.retness, dry mixing, wet mixing, mechanical mixing, and
combinations thereof.
The molecular sieve may also be incorporated into a solid composition,

15  preferably solid particles, in which the molecular sieve is present in an amount
effective to catalyze i_he desired conversion reaction. The solid particles may
include a catalytically effective amount of the molecular sieve and matrix
material, preferably &t least one of a filler material and a binder material, to
provide a desired prdperty or properties, e.g., desired catalyst dilution,

20 mechanical strength and the like, to the solid composition. Such matrix
materials are often tc; some extent porous in nature and often have some
nonselective catalytié activity to promote the formation of undesired products
and may or may not be effective to promote the desired chemical conversion.

Such matrix, e.g., fillér and binder, materials include, for exampie, synthetic

25  and naturally occurring substances, metal oxides, clays, silicas, aluminas,
siIica-alhminas, silica-magnesias, silica-zirconias, silica-thorias, silica-
beryllias, silica-titaniés, silica-alumina<thorias, silica-aluminazirconias, and
mixtures of these materials. |

The solid catéllyst composition preferably comprises 1% to 99%, more

30  preferably 5% to 90%, and still more preferably 10% to 80%, by weight of



The nol ecul ar. sieve may al so be incorporated into a solid conposition )
preferably solid particles, in which the nol ecular sieve is present T hN&h2004
anount effective to catalyze the desired conversion reaction. The solid
particles may include a catalytically effective anount of the nol ecul ar
sieve and matrix material, preferably at |least one of a filler material and
a binder material, to provide a desirgg._property or properties, e.g.,
desired catal yst dilution, 20 nechanical strength and the like, to the
solid conposition. Such matrix materials are-often to sone extent porous
in nature and often have-sonme nonselective catalytic activity to pronote

t he for maimgslaculr sieves and&rpamount of 1%t 928, morepyefecablpd%id 80%,ve to

pronote the desired chemgal conversion. Such matrjx, e.g., filler and
bi nder, méngrstillinsore preiars ?Sf 6&"/‘&% JP"@PYéWIQWe'?fi’Ea{ZB‘ rgg@r%;.t ural ly
occurring substanc ¥ | kii~R&S | HT i

silica-al um nasfHé Sﬁ%?gggﬁ W@gﬁﬁ%&’lﬂgﬁ,@atgﬂsﬂ%mﬂ% ?t’gﬁlghg',gam |Ii @?ﬂg?’l as,
silica- bepyigrisig the rioteculart sieve andsmbtriematerial, s cohventional and well

silica-al um nazirconi as, .and m xtures of thecf,e t?ri als. The solid
cat al y&t &pepednithemriheed . dharfpre dspot discusss 5‘%@6 PgfRe 30 preferably 5%

to 90% and sti 4 @ 300 | 2004 -18
nol ecul ar si evgtﬂea%%%@ﬁ?%@m(# c%ﬂg/glbgbrg%ﬁ fJ‘r:rrl%érrgévedpr:{&ei g’?gﬁ}?ﬁ% oto 90%
and still piovige Wetler catdlytic Prformance, dtiritionirgsistariceregenerahility; aad. The
preparation of solid catalyst_co particles,
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well 5 k 1 : ' i ' ail here.
The catal yercingcrttighs IBGicatnIB SYRH0 nebd bl speeimtom 200365 1o
provi 4g bej heo,, Cisirably froRFB0RtE200R, aRd noreidusirabi feorarB0y to #8GNer abi lity,
and other ‘desired properties. Desirably, the catalyst is fluidizable under
the reactlihencatalyst maynise stibjected to asariehoof eatmestpta aclievedhees of from

200 e B e AP s SR Bl AL, 0
the desirfd hviecesdarny fmiete @:ﬁic:_iri‘émfnr?ﬁhﬁfﬂiﬂihigpmiliiﬁglogrind‘iﬁ@,tsptayS_
i nclude, but are not necessarily limted to, calcination, ball mlling,
mlling, diryingi hydrothermal treatment, acid treatment, base treatment, and

15 combinations thereof. :

As additional methods for controlling the heat generated by the
conversion reaction ahd, subsequently, the temperature differential in the
reactor, the present invention may include one or more or all of the following
steps: providing a pbrltion of the oxygenate portion of the feed to the reactor

20 in a liquid form; providing at least a portion of the diluent to the reactor in a
liquid form; and- providing non-reactive solids to the reactor apparatus.

When a portion of the feed is provided in a liquid form, the liquid portion
of the feed may be either oxygenate, diluent or a mixture of both, The liquid
portion of the feed may be directly injected into the reactor, or entrained or

25 otherwise carried intd the reactor with the vapor portion of the feed or
suitable carrier gasid'iluent. By providing a portion of the feed (oxygenate
and/or diluent) in the liquid phase, the temperature differential in the reactor
can be further contfci'lied. The exothermic heat of reaction of oxygenate
conversion is partially absarbed by .the endothermic heat of vaporization of the

30 liquid portion of the!féed. Controlling the pr0portion:of liquid feed to vapor
feed fed to the reac‘tor thus allows controi of the temperature differential in the



drying, hydrothermal treatnent, acid treatnment, base treatnent, and 7

conbi nations thereof. As addltlonal nmet hods for controlling the heat 7 NOV 2004
generated by the conversion reaction and, subsequently, the tenperature
differential in the reactor, the present invention may include one or nore
or all of the following steps: providing a portion of the oxygenate
portion of the feed to the reactor 20 ,in a liquid form providing at |east

a portion of the diluent to the reactJﬁpln a liquid form and providing
non-reactive solids to the reactor apparatus. Wien a portion of the feed is
provided in a liquid form the liquid portion of the feed may be either

xygena eredlidiirofficfofTbi il fed ROl reHfr dchb inlcoR@irt WARIAG  he Teed

may be directly 1n ecte e reac raln or z ot herw se
carried lrecircumonecﬁcdamalyst amd nba-reaptive solids pmMnnghmoftmd or a suitable
carrier gas/diluyent. By providing a portion of the feed enate and/ or
di | uent) 1H€{9Pﬁ@ eniqvﬂr@f:ﬂgaegnpm Q\@fﬁ%pa@w@fdheﬁemeﬁfatwed efendial eact or
can be fum e{a}rol | ed. The exotherm c heat of reaction of oxygenate
conver si on |s pa lally absorbed by the endot herm c heat of vaporization of

the 30s |iqui d Phetantounifoftfeed previded (vatligald form, Whetherdedrseparatelly dri qui d
feed to vapor feed fed to the reactor thus all ows control of the

t enper at ulontly, with the, vaper feed; jssframD. {iow %OUMBS . Yealthetotal pxyernatei on of
liquid feegnde %I@@ ditRRt H t Cfte d' rMGl%“& bea ﬁ?her erseﬁbrhc‘i"ggt%% of

cat al yst reactive s provi I ndépendént vari abl e
to i nmprovesateladt thedotalcdxygénﬁieeplt:smxlae:atfued, and meost mesirbblyithet he reactor.

o ntl S‘”ﬁi‘é‘r{geﬁfaéﬁq?ﬁ%ﬁ PR 12 B8 vl .o ig Sﬁéﬁlva%éégﬁpns%%ﬁee s Lol
£ om 10w e, FL st Sfhodtifion, & shaf coftEih vaRi PR of B2 *"ang' ©
nmost de3| sahbprtdﬁererﬁngpgesatbsmmd&%e ovdifferédt diuerts. One pa?rqcnilldrljund vapor
opert AeBH It it e AR e Ao
di l'uents. weRe, eﬁﬁMé ol 2high inPlaCBEh tNE réadist @npérdflite differmtiglwitilge to 1ts
relatively hi heat of Vvapori zat I on,
relahvely small rate. 'Other useful diluents are described above, Proper
15 selection of the temperature and pressure of any appropriate oxygenate
and/or diluent being fed to the reactor will ensure at least a portion is in the
liquid phase as it enters the reactor and/or comes into contact with the
catalyst or a vapor portion of the feed and/or diluent.
Optionally, the liquid fraction of the feed may be split into portions and
20 introduced to the iniet zone and at a multiplicity of locations along the length
of the reactor. This fhay be done with either the oxygenate feed, the diluent
or both. Typically, this is done with the diluent portion of the feed. Another
option is to provide ai‘ nozzle which introduces the total liquid fraction of the
feed to the inlet zone or reactor in a manner such that the nozzle forms liquid
25 droplets of an appropriate size distribution which, when entrained with the gas
and solids introduced to the inlet zone or reactor, vaporize gradually along the
length of the reactor: Either of these arrangements or a combination thereof
may 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
30 designing a liquid feed nozzle to control dropiet size distribution is well known
in the art and is not discussed here.



which allows for a high inpact on the reactor tenperature differential wth
a relatively small rate. ':Qher useful diluents are described abovk? NOV 2004
Proper 15 selection of the tenperature and pressure of any appropriate
oxygenate and/or diluent being fed to the reactor will ensure at least a
portion is in the liquid phase as it enters the reactor and/or conmes into
contact with the catalyst or a vapor_qertion of the feed and/or dil uent.
Optionally, the liquid fraction of the teed nmay be split into portions and
20 introduced to the inlet zone and at a nultiplicity of |ocations al ong
the length of the reactor. This may be done with either the oxygenate

feed, the dil upun-redctivetdolidswhickalkcbstain ho snolecdiansievetmay be rrixedent
portion of the feed. Another option is to provide a nozzle which
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sol i ds i ntafehead previdedninizfinasere controbihet neat gemepaiedeyothedual |y al ong
the length of the reactor.? Either of these arrangenents or a conbination
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di stri but ptal exides) akd enirturé$thdreoRr Paicdiarly sudtablé materisds ahettosel 7 NOV
2004 -20 Non-reactive solids which contain,no.nol ecul ar sieve rra%/ be m xed

with the vgedapdnatritesdor thegaighst formulation, eags dfersand bindercauen @88 to t he

reactor a e 1, L€ | ' Vi8adi pability
ne the  caees $fRAChfhes. AlfSfa BAkE AR IKRURE Icher BecbIn ARE AfER 1
t he s )gonyedctiversdiitiacériould habeta leat caipasityaot frohd §.05tert cdlig-°C hwmopeir poses of
oxygenate conversion. Suitable materials for use E’S no[hﬁg@té’ve sol i ds

are net al preferahlyfram iyt io Odherlhgx Cy gl RIgferably from caV @bl e
ial se ' i i . g.,
e T

fillers an suc al um nas, anong- ot hers,
m xt ur es figfrorcd.010esi0,ahbse désimmbipiroim0.08dot5.ve sol i ds shoul d have a heat

capacity of fromQ.Q5 to 1 cal/g-C {mre grefer?blai from0.1 to 0.8 cal/
g-C, and nost hesitably, theiraigolcatalyst, GomRrisng golecular sieve and any

15 other materials suchas binders, fillers, etc., plus non-reactive solids,
recirculated to recontact the feed is from 1 to 100 times, more desirably from
10 to 80 times, and m'ost desirably from 10 to 50 times the total feed rate of
oxygenates to the reactor.
One skilled in'lthe art will appreciaté that the non-reactive solids may
20 also be regenerated fwith the catalyst in the manner described above.
The process of the présent invention is desirably carried out in a
reactor apparatus which comprises aninlet zone, a reaction zone, and a
disengaging zone. When the process of the present invention is conducted in
this type of reactor ainbaratus, at least a portion of the cata!ystisl.olids is
25 recirculated from the disengaging zone to the inlet zone to mairitain the
reactor at near isothermal conditions. At least a portion of the vapor feed then
mixes with the catalyistlsolids 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-
30 portions theréof may 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



C. Further, desirably, the mass proportion of non-reactive solids to
catalyst is from.0.01 to 10, nore desirably from0.05 to 5. DesirapV W)y 200t
the rate of catal yst, conprising nolecular sieve and any 15 other

materials such as binders, fillers, etc., plus non-reactive solids,
recirculated to recontact the feed is from1l to 100 tines, nore desirably
from 10 to 80 tines, and nost desiralpy.from 10 to 50 tines the total feed
rate of oxygenates to the reactor. One skilled in the art will appreciate
that the non-reactive solids may 20 also be regenerated with the catal yst

I n the manner descri bed above. .The process of the present invention is

desi r abl y recireulatedbeitheri inside the eeadtor apgaratust orsextbineh te thgprackmrs an- i nl et
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condi t i onportion bEthe catahetisolids cdn optonailydre fepsoledhfeom thiexreactort h t he

catal yst/solids in tcrgeinl'et zone and is directed to the reaction zone in
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can be 1 7 0Q4, -21 recifrcul ated either 'inside the reactor apparatus or
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fromthe disen | ' | £ ' ne. As
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regenerator to regenerate the catalyst. Catalyst/solids fromthe

regeneratm&g returned to any of the three zones, or may be directed
to a conde ' serves to recirculate the catalyst/solids fromthe

di sengagi ng zorperééctbhaFF'aims éDhe ;gfésérﬁaﬁ»vérﬂibrﬁiaruésigﬂw 49d bpetdigdexanpl e

Is presented as being illustrative the present 0 invention and are

not, i nteNd¥ua Q&s| sunerficinbvelpeityofi2 melerstpessecandiptredueing.a

substantial plug ﬂow.characteristic to the gas flowing in the reactor with

15 accompanying temperature differential between the reactor iniet and outlet
zones. A substantial portion of catalyst and solids from the outlet zone are
recirculated to the inlet zone, along with catalyst and solids from a
regenerator.

Referring to Table 1, varying amounts substantially pure liquid and

20 vapor methanol f_eed;: substantially pure liquid and vapor water, catalyst and
non-reactive solids a}e introduced to the inlet zone of the reactor apparatus
under varied conditicins, Cases | - VI. The corresponding resultant state of
the mixed materials at the entrance to the reactor, the inlet zone temperature,
is also shown. Those entrance conditions are determined by ignoring the

25 heat capacity of the liquid methanol feed since the reactor apparatus is
designed to provide vaporization all along the length of the reactor, while
allowing that the vapor and solid more or less instantaneously reach a
common, equilibrated temperature based on the prevailing heat balance using
the properties shown in Table 2. Finally, the combined state of the materials

30 at the reactor outlet related to the inlet zone conditions for the six cases is



EXAMPLE A reactor apparatus of the present invention is designed and
operated with a gas superficial velocity of 2 meters per second, 17 NOV 200i
i ntroducing a substantial plug flow characteristic to the gas flowing in
the reactor with 15 acconpanying tenperature differential between the
reactor inlet and outlet zones. A substantial portion of catalyst and
solids fromthe outlet zone are recigulated to the inlet zone, along with
catal yst and solids froma regenerafg .~ Referring to Table 1, varying
anounts substantially pure liquid and 20 vapor nethanol feed

substantially pure liquid and vapor water, catalyst and non-reactive

solids alg.l ; [ : rlﬁ%qﬁr under

vari ed co‘ﬁf&bﬁ%ﬁ%&@g‘s‘%@”[ﬂ“ﬁgw ﬁ%ﬁgﬂg%P r%és%{ﬁ%flﬁ%ﬁﬁc@;eu antﬁ%t%'gtaé of the
m xed matgyalptasad tHeheaettrpressure daldvece isddentical] dnd the miactione t enper at ur e,
I's al so shown. Those entrance conditions are determ ned by ignoring the 25

heat capaeicopeds te gonsuamg 1P0% of hemethanolsi nce the reactor apparatus is

designed to prpyj | |0 f , While
al Toni ng 1 hat . EH6CReBFHd GAesr B ot oftngeipefal i BIoNE e EREH -
conmon,  egiuiei reatords sREWANAthW Fidure e opredcheplof, evepbinb of D¥aTotzdl ance using
the properties shown- in-Table 2. Finall the conbj ned state of the

mﬁt eri al sReactar Length isdbedeacior indet ?@'P%t%'_iﬂ the poiet ?‘?11@%2129‘@' B@ﬂ@ﬁoﬁl oEs f or
bal ance JCRTGNIR s et Gl zone, AEsBiSed dR6yo PRt BacRchle A 1610, e Nea

pressure Hifhvaed mét&hédéaé_tbﬁdésiﬁnmiot'ikiesrfemueinﬁnal extentsafconversiorsume 100%
of the methanol. For each of the_:cases, a plot of tgie temperature profile

al ong t heand figuid msthanal fred waparizatios alengthe Reagtor e@.sﬂggs BBPWEIPh pl ot ,
t he pfbi nt‘{%{ﬁ%mt al Reactor Length is the reactor inlet zone, and the
poi nt ~of MBTotal Reactor Length is the reactor, outlet zone, described

above. For eacRof@&se IIRlot k 10004 ofihe mketharidifeed icindhe depogforpr.ovhdes for
i dentical extents of conversion, and |iquid nethanol feed vaporization

al ong t heterppeiabire diffgrantigbisshbén in o the Figure.
For Case ll/Plot ll, the reactor conditions are all the same as in Case |
except that the rate of recirculated catalyst solids is increased by 50% over
15 Case I. The levels of. methanol conversion are maintained the same as in
Case | by increasing the proportion of binder and filler in the circulated
catalyst solid, such that the rate of active molecular sieve to the reactor is kept
constant. Note that 't_he temperature differential is now 16°C, showing that the
method of this invention céntrolling catalyst recirculation will control the
20  approach to isothermal operation in the reactor, in this case providing a more
isothermal operation than Case .
For Case llI/Plot I} the reactor conditions are all the same as in Case |
except that the methanol feed is changed such that 24% is in the liquid form.
The temperature differential is now 17°C, showing that the method of this
25 invention controlling the proportion of feed to the reactor in the liquid form will
control the approach:to isothermal operation in the reactor, in this case
providing a more isothermal operation than Case |.
For Case IV/Plet IV the reactor conditions are all the same as in Case |
except that an amount of liquid water of about 12% of the total rate of
30 methanol feed is provided to the inlet zone. The temperature differential is
now 17°C, showing that the method of this invention controlling the proportion




For Case UP lot I, 100% of the methanol feed is in the vapor form Th]e
tenperature differential is 23C. For Case |I1/Plot Il, the reactor 1.7°NOV 2004
conditions are all the sane as in Case | except that the rate of
recirculated catal yst solids is increased by 50% over 15 Case |I. The

| evel s of methanol conversion are nmaintained the sane as in Case | by
increasing the proportion of binder ang filler in the circulated catal yst
solid, such that the rate of active ecul ar sieve to the reactor is kept
constant. Note that the tenperature differential is now 16C, show ng that
the nethod of this invention controlling catalyst recirculation wll

cont rol t&eioPA lijaRd RAR redceict Wil SoRBDI PREAEHroath te)isollerird Ypekatidrint hi S
case providing a nore isothernmal operation than Case 1. For Case Il1/Pl ot
111 the riheoceactarpindihis oase prayiding & mere othermal opesation thaexCage 1.t hat t he

th | feed j h . that  24%is.in th . qui d f Th
Cenpor at ur o di FPEFARE IR e eBas Csiiors eal ihsame Rsnsiaset s 25
L nvent | 0Ny A drh Biricifit B R12PY SAIRJS AfaHRR D690 tid Faté R M Eatall st Rl | AUl €

formw Il control the approach to Isothernmal operationin reactor, in
thi s Gasein Qase i arengircuiatedsaloag with thel caiplysht The sblidsaf@designeddo Case

Lhat on e eohitReane Rtrertes a3ibe Talaatin 16ies pteaticiesigedpealy "
met hanol & dBR&Y, &6 trﬁettmpbfétﬁirea Bentldl§s hBWPRI el ‘Yhowih rgd:tegtei al

e 9!
is now 17C, show ng that the method of this invention controllin
pr opor t i oihelnetiod oftbis ingention contablling duerti solids tatalysh pecinculatidn witint r ol t he

approach to i r r.atj i the. reactor, in this case providing a
nor e isotﬁ@?t@ﬁhgggﬁﬁ‘%ﬁﬁt'%éw%%gégopgrqiﬁp 'Etgé%f%‘iiﬂbﬂn 1§ %8%Beact or
condi i Onsro¥iding'al mbRListiENRS operattsifthan G36€pt that an amount of inert
solids at about 25%the rate of the catalyst rate 5 in Case | are

circul ated al ohgr iase \{Ifot ¥ theyreactoneprelfionssargrall thesape astin Gased about
the sane pr (R cat al. | [ .particle si.ze, at
capacity, gxa%%g |btt°§/l$ﬁ1eﬁq§hé ?%8 @éﬁ%ﬁé@?te&eéﬁﬁﬁhgélf#ﬁal'n?r?aﬁﬁa/%i’gél 25 how ng
that theovertDase pfaridaisoutrizes iof tive fert meltihard is Eﬁi\ﬁdéd)iri e JRpid! yst
recirculation_ wll control the approach to isothermal operation in the
react or, WM fhe leyels of methanol conversion are maintained the same as in Case |
15 by increasing the proportion of binder and filler in the circulated catalyst solid,
1

such that the rate of active molecular sieve to the reactor is kept constant.

The temperature diffgrential is now 16°C, showing that the method of this

invention controiling E:atalyst recirculation in conjunction with controlling the

proportion of feed in ;he liquid form will control the approach to isothermat

20  operation in the reactor, in this case providing a more isothermal operation

than Case l.
TABLE 1
Apparatus R Case| Case )l Caselll
Area Material/State Pres Base Case Cat. Circ. Lig. MeOH
i kPa | "T/h___°C | *Th C | “Tlh __°C
inlet Zone  Methanol/Vapor 3o 474 a7 474 97 360 87
Methanol/Ligquid 310 - - . - 114 97
Water/Vapor 310 - - - - - -
Water/Liquid 310 T - - - - -
Catalyst/Solid - 310 | 15,328 435 ) 22093 435 15,329 435
Non-reactive/Solid 310 - - - -
Combined(Inlet 310 | 45,803 41B | 23,467 423 | 15803 422
Zone Temperature)
Reactor Combined . 290 | 15,803 441 | 23,467 439 15803 439
Qutlet . :
Temperature 7 23 16 17|
Differential ' - ' '




o providing a nore isothernmnal

operation than Case 1. For Case VI/Plot VI

the reactor conditions are all the sane as in Case | except both tHat N6hHD
rate of recirculated catalyst solids is increased by 25% over Case i, and
about 12% of the feed nmethanol is provided in the liquid form The | evel s

of met han

ol

filler

conversion are nmaintained the sane as in Case 1 15 by

I ncreasing the proportion of binder in the circul ated catal yst

solid, such that the rate of active nolecular sieve to the reactor is kept
constant. The tenperature differential is now 16C, show ng that the nethod
of this invention controlling catalyst recirculation in conjunction with
control | i ngeiEe(coptimap®)r tion of feed in the liquid formwll control the
approach [T xppsabdier mal 20 operationji reasty r dactCeseV i n| t hasedlasg provi di ng
a nore islot hellearal opéﬂﬁ@t‘#l@hie t hé’rﬁesdasb"I-ﬂVaterAE»LE“ﬂl"'_ af afﬂi ﬁe | Case
| | Case I Se_Casepatt— e a* T/ hC*T/ h
C T/hC | 4 17 ot o7 310- - - 11497
Wat er Napo bl olpP--- ~-- - - 57 97
Cat al yst/[Sol i d31015yaaﬂ;43£22 9933#8 b15, 329435 Non-reac}ive/Sol i-4310-- - -
Conbi ned: (| nl et 3101\8808W@823, 4621 731557803422 Zone Tepper at ure)
React or Cojrbi ned- : %@%3?4123‘1%3753@91@580%%3%}% dp.161 435
Tenper at uyf e231617. f da 04 |- R3] AL yasaseal [VCase VCase
111 Areal\;aterlaI/StgfrrnréP; L{uq,,) te Nonarzeg@”tCaf.a Grc g(
Reactor  Combined. ’ 290 | 15,660 435 | 19,635 440 | 19,635 438
Outlet ‘ :
Temperature 17 18 16
Differential
*T/h = metric tonne(s)hour
3 ,
TABLE 2: Properties of materials in Example 1
Heat Capacity | Heat of Vaporization Heat of Reaction
©ocal kcai kcai
kg°C kg kg
Liquid Water not applicable 519.5 not applicable
Vapor Water ', 500 Not applicable not applicable
Liquid Methanol not apphcable 281.1 nol applicable
Vapor Methanol 464 Not applicable 215.8
Solid Catalyst 270 Not applicable not applicable
Solid Non-reactive 270 Not applicable not applicable
Reaction Product ; 523 Not applicable not applicable
This example illustrates the unexpected capability of this flow regime to
approximate isothermal conditions in an adiabatic reactor system, and an
10  unusual flexibility of t:emperature control within the reactor. The catalyst and
solids recirculation and liquid feed and diluent act cooperatively and
synergistically to ach;ieve a low temperature differential within the reaction
zone, thus permitting necessary adjustments to one variable to be offset by
compensating adjustments to the other.
15 In the process of the present invention, the preferred oxygenates are

methano!, dimethyl ether and mixtures thereof. The method of making the

preferred olefin prodpct in this invention can include the additional step of

making the oxygenate compositions from hydrocarbons such as oil, coal, tar
sand, shale, biomass and natural gas. Methods for making the compositions

20 are known in the art.": These methods include fermentation of biomass to



SolidsLi g. MeOH KPa" T/ hC'T/hC T/ h 61C I nl et

ZoneMet hanol / Vapor 3104749747497417 97 Met hanol / Ugui d310---57 97 17 NOV 2004
Wat er Napor 310- - - - - - Water/Liqui d3105797

Cat al yst/ Sol i d31015, 32943515, 32943519, 161 435
Non-reactive/ Sol i d310-- 3, 832435- - Conbi ned

(I'nl et 31015, 86041819, 63542119, 635 423 ne Tenper at ure)

React or Conbi ned, ' 29015, 86043519, 63544719, 635 439 CQutl et Tenperaturel71916
Differential 'T/h = nmetric tonne(s)/hour 5 TABLE 1 (continued TABLE 2: Pro
erties of materials in Exanple | Heat Capacity Heat of Vaporization cal

oo ot SROLBEBF LR gt ity e R
appl i cabl g#88yrithesisayas! tocalbdieo|\arEdhenvedyrihesid @aliaandpp prariudeddys. 8 Sol i d
appl i abi KABWN 4B BPe AR Sigha SISA rPBa G, BYBEaR BBTUNG AN Tl ¢ Thi s
exanpl e ib&Hﬁféﬂﬂh?S t he unexpected capability of this flowregine to
5 One skilled in the art will appreciate that the olefins produced by the

conversion reaction of the present invention can be polymerized to form .

polyolefins. Processés for forming polyolefins from olefins are known in the

art. Catalytic processes ar€ preferred. Particularly preferred are metallocene,

Ziegler/Natta and aciﬁ catalytic systems. Prior to being subjected to a

10 polymerization process, the olefin products are recovered from the products of
the conversion reacti;on.

In addition to polyolefins, numerous other olefin derivatives may be
formed from the olefins produced by the conversion reaction of the present
invention or olefins ré‘covered therefrom. These include, but are not limited to,

15 aldehydes, a!cohols,‘;acetic acid, linear alpha olefins, vinyl acetate, ethylene
dichloride and vinyl chioride, ethylbenzene, ethylene oxide, cumene, isopropyl
alcohol, acrolein, ally:l chioride, propylene oxide, acrylic acid, ethylene-
propylene rubbers, and acrylonitrile, and trimers.ahd dimers of ethylene,
propylene or butylenes. The methods of manufacturing these derivatives are

20 well known in the art, and therefore are not discussed here.

What is claimed is:



approxi mate i sothermal conditions in an adi abatic reactor system and _an io
unusual flexibility of tenperature control within the reactor. The c&t?aNU)‘szﬂm
and solids recirculation and liquid feed and diluent act cooperatively and
synergistically to achieve a | ow tenperature differential within the
reaction zone, thus permtting neces_%&ry adjustnents to one variable to be
of fset by conpensating adjustnents to the other. 15 In the process of the
present invention, the preferred oxygenates are nethanol, dinmethyl ether
and m'xtureﬁ t hereof. The nethod of making the preferred olefin product in
this invent n include the additional step of naking the oxygenate
conpositions from hydrocarbons such as oil, coal, tar sand, shale, biomass
and natural gas. Methods for nmaking the conpositions 20 are known in the
art. These Jmet hadsméthod Ude corvertng at feed MmElulingmas oxygenite /toNGMra@4 - 25
al cohol or ether and al so_include making synthesis gas and then converting
the synthesis gdicluémgadighppledp, %‘!%@P&Ogyﬁmh@&ﬂﬁ gas can be produced by
known processes such a steamreform ng, autothermal reform ng and parti al
oxi di zation. 5 One skirbldihg nfeedmchidingan dxygemteci ate that the ol efins
produced by the conversion reaction of the present invention can be
polynerized to form quptacehetdinJeedTh @G85H6R zbAY of Lichétbappalared with §s from
olefins are known in the art. Catalytic processes are preferred.
Particul arly preferraatadyst inguding acnorezeolific agbleculiasicve, said contattiogt al ytic
systens. Prior to bei subjected to.,a i 0 pol.ynerization,process, the
ol efin products are r@@&%’?&é& “P&%%ﬂﬁ%%b@ﬁﬁ%%‘r‘m’fméﬂéaﬁmﬁe&ﬂ
reaction. In additio i ; : : WHE G @t | ves may
be fornmed fromthe (r)ﬁgﬁdﬁg%lreigg{t?lgedh%‘?q{lﬁﬁéﬂcl%rﬁéedﬁgngﬁk?iedélgk%]ﬁ%%goé t he
present invention orsupkdicialyeloeityofatdeast two afetersiper Ehamid at atleasi@nebut are
not limted to, is al de_hty.des., al cohols, .acetic acid, linear alpha olefins,
vinyl acetate, ethyl SPSAUIRSRITEACHARZMI 204 ny| chlori de, et hyl benzene,
et hyl ene oxi de, cunene, isopropyl alcohol, acrolein, allyl chloride,
propyl ene oxi de, acr yrEFiECHeiing a fanstpartipe of smdeaalatdo rasopfertsaidiied.
acrylonitrile, and trinmers. and dinmers of ethylene,

2. The method of claim 1 further including at least one step selected from a

group consistiné of the following: providi:ig a portion of said feed to said
reactor apparaius in & liquid form; providing non-reactive solids to said

reactor apparatus; and providing a liquid diluent to said reactor apparatus.

3. The method of claim 2 wherein said at least one step comprises providing
non-reactive solids to said reactor apparatus and said method further
includes the steps of removing a sec@nd p&rtion of said catalyst and non-
reactive solids from said reactor apparatus; regenerating at Jeast a portion
of said second portion of said catalyst -and said non-reactive solids
removed from ‘said reactor apparatus to form 2 regenerated portion of
catalyst and non-reactive solids; and returning said regenerated portion of

said catalyst and said non-reactive solids to seid reactor apparatus,

4. The method of claim 2 wherein said at least one step comprises providing
a liquid diluent to said reactor apparatus at a plurality of positions on said
reactor apparatus.




propyl ene or butyl enes. The nethods of manufacturing these derivatives are
20 well known in the art, and therefore are not discussed here. \What 7§V 2004
claimed is: 17 NOV 2004 -26 CLAINS 1. A method for converting a feed

i ncludi ng an oxygenate to a product including a light olefin, said nethod
conprising: providing a feed includingz-an oxygenate; contacting said feed
in a reaction zone of a reactor apparatus with a catalyst including a
non-zeolitic nol ecul ar sieve, said contacting taking place under

condi ti ons Sef ec‘l‘hwmeﬂaodcnfranybne shth@ precedingaddme durtler DicdedIRE theépddi ng a
light olefin, said conditions including a gas. superficial velocity of at

| east two rreters"fpéﬁmg‘é@gﬁcﬁeé‘tndaﬂor]l@ag Sa@h@tﬂmlﬁmn $aid eaIctor pppATatugn zone;

d | at t d talyst t t.act d feed.
S e et hoa oregfekil gl et B hefiord & g afe%éiwﬂ&vég S8 BBt od {1 om
a_group consi stren@ved 5 shRl LatioF HppRaf 6 BlehkAkdOhorfigh e ced 10

said reactor apparatus in a liquid gﬂ?grm provi |ng on- rea%?lve Solids to
said reactor a@p&ﬂimusnd aetdnpmp\smdlmgemrdted]ponhodldft&m chtalysfitdl sgigact or
apparatus. 3. The t hod claim2 wherein said at | east one step

conpri ses prow ﬁ%g ﬂr"?‘é‘actlve solids to said reactor apparatus and said
nmet hod further |ncludes the steps of renoving a second portion of said

cat al yst amgd NnONFhe @ ' enerating
ot least aportiy MEmblYA 289 ohe R e kcxRlrk e MilerdR RRUHARLIBET
non-reactive soldfdeid fixstrporion fof ead: ca&@sdnmﬂnmm t@w&tﬁe@ﬁeﬂeﬂuﬂ%m a
regenerated portio cat al on-reactive solids; and returning

sai d regener at e&“ﬁ&‘?‘?lﬂ?"cﬂ“ gf??%‘ié%tl ¢st and said non-reactive solids to
said reactor apparatus. 4_ The method of cl ai m 2 wherein said at | east, one

Step comprizes PTigvinditod of Ui vshettih Ul roliftuiihd of S3ULAL: BRRALAFUS at a

plurality of positions on said reactor appara
said catalyst maintains said temperature differential in said reaction zone at
less than S0°C,

8. The method of:claim 7 wherein said recirculating of said first portion of

said catalyst maintains said temperature differential in said reaction zone at
less than 30°C.

9. The method of claim 3 farther including, prior to the step of returning said
regencrated portion_. of said Eéta]ySt and said non-reactive solids to said
reactor apparatus, the step of cooling 'éﬁid regenerated catalyst along and
said non-reactive solids to a temperature which is from 200°C higher to
200°C lower than a temperature of said second portion of said cataﬁyéf and

said non-reactive solids removed from said reactor apparatus,

10.  The method of claim 5 further including, prior to the step of returning said
regenerated portion of said catalyst to said reactor apparatus, the step of
cooling said at 1_cast a portion of said _regcnérated catalyst to a ternperature
Wwhich is from 200°C higher to 200°C lower than the temperature of said
catalyst removed from said reactor apparatus.




-27 5. The nmethod of any one of the preceding clains further includin th?
steps of renpving a second portion of said catalyst fromsaid reactlo NOV 200
apparatus; regenerating at |least a portion of said second portion of said
catal yst renobved fromsaid reactor apparatus to forma regenerated portion
of catalyst; and returning said regengrated portion of said catalyst to
said reactor apparatus. 6. The nethod of any one of the preceding clains
wherein said recirculating of said first portion of said catal yst

nai nt ai ns_a it enphametleoddof dmy et biaih;ipﬂece_aﬁ'gftlﬁﬂﬁcwﬂe?an?s%e?éﬂmagéﬁ t han
100C. 7. The nethod of claim6 wherein said recirculating of sard first
portion of sai dCUNEHNESeedpoMEaIngANsKygenatetveor hightrodefdi isfeenduttédain & N sai d
reaction zone at 8. .The nethod qof claim7 erein said
recircul ati ng of“sé'?ﬁi?é#%?s §%‘ﬁmﬁ infet zqie ﬂfiﬂélolawgfie #ad 2 0uengreng d
tenperature diffzompsdidredction dhtk BAAE ook Betven s 84lel ﬁ?d}taiggaj'ﬁl 9. The
returnl ng

met hod of claim 3 further including, prior to'the stop o sai d
regenerated por tfigengagingszong; said dbgds inchuding ah dxpgenatecRCiroVided b isghig t 0 sai d
react or appar at t he step.of ,cooling, said regenerated catal yst al ong and

us ;
sai d non-react i VY% FPREisSad,feed s rontpcied, nesaith resstion; zoneowith 6aid: datajyser t o

200C | ower than @;d 2 %Earg%j ' ortion of said catalyst and
sai d non-reacti vels§| i gs ,r%leé ve ?@%sggﬁgﬁﬁgﬁw&%wm&mi@nﬁhe

met hod of cl ai m%id first pertionedlsaidicaglyspisiredirculbtdd Fork 558 ‘ﬁgmég%? %r{%g said
regenerated portion, of said catalyst to said reactor apparatus; the step of

cooling said at g mktﬁ?ﬁmci on of said regenerated catalyst to a
tenperature which is from 200C hi gher to 200C | ower than the tenperature

of said capal ySthd emeabSiam £ ' 8 b ion o] e A
The method of any one of the pr ecﬁf’rﬁg’aﬁgﬁﬁggﬁtﬁ«?P%c'ga‘?f&%‘far\%&“f or
converting feed angmanimastiyecsolids yrgaomireditd cithéri saitf inf 2bhe) séiﬂ dycted in a
react or apparatus_havi ng gn inl.et zone, a reaction zone and a di sengagi ng

Zone, or sard disengaging zone.

13.  The method of claim 12 further including the steps of: removing a second

portion of said catalyst in said disengaging zonc from said reactor

apparatus; regenerating at least a portion of said second portion of said

catalyst removed frony said reactor apparatus to form a regenerated portion

of catalyst; and returning szid regencrated portion of said catalyst to said

reactor apparatus.

14.  The method of claim 13 wherein said regenerated portion of said catalyst

is returned to cither said inlet zone, said reaction zone, or said disengaging
zone,

15. The method o.f any one of the preceding claims wherein said non-zeolitic

molecular sieve is a silicoaluminophosphate molecular sieve.

16.  The method of any one of the preceding claims wherein said gas

superficial velocity is greater than 2.5 meters per second at at least one
point in said reaction zone.



zone, said reaction zone being positioned between said inlet zone and said
di sengagi ng zone; said feed including an oxygenate is provided to sajd Ny 200
inlet zone; said feed is contacted in said reaction zone with said catalyst
sai d product is separated fromsaid catalyst in said disengagi ng zone; and
said first portion of said catalyst isgrecirculated fromsaid di sengagi ng
zone to said inlet zone. 12. The nethod of claim 11l wherein said
regenerated portion of said catalyst and non-reactive solids are returned
to either s¥i.d i Fhetmetwod, ofaing oG e pRefiing Vaifid! Vheleit 19RO zone.
13. The method of claim 12 further including the steps of renovifig a second
portion of said & Giak velority s gregtes dhapabynatgrsmen sedond at stdeabt bREPHINT
apparatus; regen §E&f§kﬁ§ #%%St a portion of said second portion of said
catal yst renoved rom eal ttor apparatus to forma regenerated portion
of catalyst; and returning said regenerated portion of said catalyst to

Ll T ST SiB EHSe SAD Ho,

regenerated portion of said catalyst 1s Yeturr
zone, said react fMpFriGHeclesitydngratir tondageiess pez ostond Abat IdkeoaBpdimd of any
one of the precegli%gjtﬁla I 5. Wherein said non-zeolitic nolecular sieve is a
si |l i coal um nophosSphat’e &@8far sieve. 16. The method of any one of the
preceding clains wherein said gas superficial velocity is greater than 2.5
nmeters per second at at |east one point in said reaction zone. 1 7 NOV
2004 -29 17. The nmethod of any one of the preceding clainms wherein said gas
superficial velocity is greater than 4 neters per second at at |east one
point in said reaction zone. 18. The nethod of any one of the preceding
clains wherein said gas superficial velocity is greater than 8 neters per
second at at |least one point in said reaction zone.




