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15  olefins from petroleum feeds are limited. Efforts to develop light olefin
production technologies, based on alternative feedstocks have increased.

Important types of alternate feedstocks for the production of light
olefins are oxygenates, such as, for example, alcohols, particularly
methanol and ethanol, dimethyl ether, methyl ethy! ether, diethyt ether,

20 dimethyl carbonate, and methyl formate. Many of these oxygenates may
be produced by fermentation, or from synthesis gas derived from natural
gas, petroleum liquids, carbonaceous materiéls, including coal, recycled
plastics, municipal wastes, or any organic material. Because of the wide
variety of sources, alcohol, alcohol derivatives, and other oxygenates have

25  promise as an economical, non-petroleum source for light olefin
production.

The reaction, which converts oxygenates to desired light olefins,
also produces by-products. Representative by-products include, for
example, alkanes (methane, ethane, propane, and larger), C," olefins,

30 aromatic compounds, carbon oxides and carbonaceous deposits (also
referred to as "coke").

During the conversion of oxygenates to light olefins, carbonaceous

deposits accumulate on the catalysts used to promote the conversion
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During the conversion of oxygenates to |light ol efins, carbonaceous
deposits accunul ate on the catal ysts used to pronote the conversion ~IIHH
11T 111 OMddibeeadrl 111 11111 ~~~~ ~I1~ "co0oo | WO 01/ 66497 PRTUTSUSI2FN 0253
-2 reaction. As the anount of these carbonaceous deposits increases, the
catal yst begins to lose activity and, 'czo'nsequently, | ess of the feedstock
Is converted to the |ight olefin products. At sone point, the build up of
t hese carbonaceous deposits causes the catalyst to reduce its capability
to 5 conver trehBiorXXgEMabRBUNOof iheBE catisdridteoudltiposits alcaéysds, tien no | onger
convert oxygenates to olefin products, the catal yst ifs considered to be
deact i vat ed.catyyet beging i lpse asiwbnard.foasenvartby less ofihetfegdstoekiived from
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streamto renove thé carbonaceous deposits is t%/epél cally referred to as is
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regenerat ed catal yst to the reactor near the ,inl e,% of the re tfo or
react i o020 hkeghice qatalyelfiqsth e garhonasepis deppsity Bf?a?%rép‘{i%aj@ P[bé bot t om

quarter of t&%ahrlgﬁ%fﬂﬁm?\%gfﬂ@ﬂ%é QBa¥HEd anBbrRiriaIly déhdtRgtddegener at ed

catal yst near 't e reactor, the regenerated catal yst would
i medi at el y catalystcto aliomefon réwsedet thelcatalysth ddgmovalnfdhe ideactivatele f eedst ock.
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Lewi s et al .gtrdapR ) RSMBVIRCESBohatedit dépdsitead kypicalyefdrieitorad eedst ock
into a product in which the feedstock is contacted with a partially
r egener alSed regeaerasion and is typically conducted in a unit called a regenerator.
Previously in the art, catalyst regeneration was accomplished by
removing the deactivated catalyst from the process stream, removing the
carbonaceous deposits from the catalyst, and then returning the
regenerated catalyst to the reactor near the inlet of the reactor or reaction
20 vessel. Conventionally, this inlet is located near the bottom quarter of the
reactor or reaction vessel. By returning the regenerated catalyst near the
inlet of the reactor, the regenerated catalyst would immediately contact
fresh feedstock and begin conversion of the feedstock. However, doing so
does nothing to control the conversion of the feedstock into by-products.
25 For example, United States Patent No. 4,873,390 to Lewis et al.
teaches a process for catalytically converting a feedstock into a product in
which the feedstock is contacted with a partially regenerated catalyst.
Lewis et al. describes that a partially regenerated catalyst improves the
selectivity of the process to the light olefin products. While contacting the
30 feedstock with a partially regenerated catalyst may improve the selectivity
of the process to the light olefin products, it does nothing to control

production of by-products.



Lews et al. describes that a partially regenerated catal yst inproves the
selectivity of the process to the Iight olefin products. Wile contacting
the 30 fwedstawok with a partially regenerated catal yst nmeBCT/U§NE0283t he
selectivity of the process to the Iigqy ol efin products, it does nothing
to control production of by-products. "WD 01/ 66497 PCT/USQ /40253 -3 For
these reasons, a need exists in the art for inproved processes which-
increase light olefin selectivity and control production of by-products.

The present inveRbi fHeseak¥s6nd, Ensad exists inahdsiri for irhprovetd prgcesses di ng a
met hod for increasing I{gght olefin production and controlling 5 production
of Dby- pr oduwhich iggeeasediebt olefintgetegiivity @nd Ganlehpragvctian of Pydiredusts: a net hod

for  sel ecti vatl et CaldininiofSIREANBRlht rieBEs 1Ptih ag@lect i vate” (or
selectivating) refers to a process by which a certain anmount of

car bonaceouprabiging iat metitod foo inueelasing tigkt deafialpysdudtioncandseontradlingat al yst to
10 produce nore ethyl ene and propylene fromthe oxygenate feed and to
produce ?eV\BFOd(S&‘FI'BP@(ﬁgbfTFgPQ‘I’qgt he present invention, the selectivation of

the catal yst occiye £pee0bt el predehtifventic issdiretitéditd Aendtogfeduct s of the
conversion reaction. However, the |light ol efins produced by the oxygenate

conver si on pelgetiyalingcanatalss B ussddgrsin, thre wosd ezeledtiMaten(df t he cat al yst,
15 either s r L0, C | [ | Ay ts. As |1
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possi bl e of catbohabrops GEpedits srel femhed anaheataipstabycausanide gatdlydttibe as
possible of the light olefins sel ec[ i vaft e E}Ee cat al e by-products

t. As t
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ol efins and onaceous ‘deposits ormon the catalyst. Wile the
accurul at i otheo¢atalyst oecurs yczamiactingethestatalysiowith Humby-pbeducts of thee

deactivation of the catalyst, the C n b

deposi t o al Satentn Babteys borkier AFTERTRINERrHuBLAIPORERaE ., ¢ 1c
sel ecti vat egog@draionsieablion BaR alsteie dbed firtthetselddivation obtral catbist),
selectivity of the conversion reaction to formng |light ol efins,

parti cullar| giteemsenaiatelner wreppbiaation with theysRregucts. "As one well
skilled in the art will appreciate, it is preferred that as much as possibie of
the by-products selectivate the catalyst and as little as possible of the light
olefins selectivate the catalyst. As the by-products contact an at least
partially regenerated catalyst, primarily the C," olefin portion of the by-

20  products, is primarily converted to light olefins and carbonaceous deposits
which form on the catalyst. While the accumulation of the carbonaceous
deposits does contribute to the deactivation of the catalyst, the
accumulation of the carbonaceous deposits also contributes to the
selectivation of the catalyst. When the selectivated catalyst mixture then

25  contacts the oxygenate feed, selectivity of the conversion reaction to
forming light olefins, particularly ethylene and propylene, is increased
and/or formation of by-products is reduced compared to using a fresh or
regenerated catalyst that has not been selectivated according to the
present invention.

30 The method for selectivating the catalyst comprises contacting, in a
reactor, a feedstock, including oxygenates, with a molecular sieve catalyst

under conditions effective to form a product including light olefins and by-



and/or formation of by-products is reduced conpared to using a fresh or
regenerated catal yst that has not been selectivated according to the
present wawemispon. 30 The method for sel ectivating the cRGEYS/48%pri ses
contacting, in a reactor, a feedstock,_including oxygenates, with a

nol ecul ar sieve catal yst wunder conditions effective to forma product

i ncluding light olefins and by WD 01/ 66497 PCT/ USO1/ 40253 -4 products, the
contacting causing carbonaceous deposits to formon at |east a portion of
t he nol ecul prodsicts; ¢he avrtiagting pavsing icapareseots depasite i BINysen at enovi ng a

portion of the deactivated catalyst.from.the reactor; rating the
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regener ated cat al yst the feedstock. 15 Another aspect of the present
i nventi on i seghinecatedccatalyst togotmodighbelefisonieiis REPCER§ gEeaatdgasl | i ght
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effective t hCRMNEfidshe detssivbasthe &t I8agirmitiaiy rdgecktatedgatalgsittool ef i ns

and by-products, the contacting causin 2({ car EHO aceoys d pos{t to formon
at least a fﬁfmllﬂQ)HgBﬁ‘d?Wé?-nEh'écﬂipﬁ?s%F%V@ S8 c{)ls ep#%B@gFHB a&BQQtivat ed
catal yst; rg%'g{‘g Soridi bt @\@t%eét%tecpﬁﬂ%éf’ﬁérﬁgnfsiq@n}é?éteﬁr%fgbﬁ_ reactor;

regeneratin tion o activated cata under conditions
ef fective t qiithahefeeddtotleast a portion of the carbonaceous deposits from
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converting oxygenates to light olefins. The method comprises contacting,
in a reactor, a feedstock comprising oxygenates with a molecular sieve
catalyst under conditions effective to convert the feedstock to a product
including light olefins and by-products, the contacting causing

20 carbonaceous deposits to form on at least a portion of the molecular sieve
catalyst producing deactivated catalyst; removing a portion of the
deactivated catalyst from the reactor; regenerating the portion of the
deactivated catalyst under conditions effective to remove at least a portion
of the carbonaceous deposits from the deactivated catalyst to form an at

25 least partially regenerated catalyst; exposing at least a portion of the at
least partially regenerated catalyst to at least a portion of the by-products
to selectivate the portion of the at least partially regenerated catalyst to
form light olefins; and contacting the selectivated portion of the at least
partially regenerated catalyst with the feedstock to form the product. In

30 this method, the at least partially regenerated catalyst may also be
exposed to at least a portion of the light olefins to selectivate the at least

partially regenerated catalyst to forming light olefins. This method may




| east partially regenerated catalyst to at | east a portion of the
by-products to selectivate the portion of the at |least partially

regener%(?gggﬁqg.pl yst to formlight olefins; and contacti A881/40253
e

sel ectiva portion of the at least partially regenerated catalyst with

the feedstock to formthe product. In-30 this nethod, the at |east
partially regenerated catal yst nay al so be exposed to at |east a portion
of the light olefins to selectivate the at |east partially regenerated
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*conversion of a stock during a catalyzed chem cal conversion process.
The net sod foorguucsesthedmaat cifiregctiomina resmtordvy ofisétiied $heekothiermica cat al yst
under conditions.eff gc&i v(g tokf or.m a rtolducé End .b%q-cgr oducts, the

cont act i ng CRYETHY OLF BERAREHSUHES 5<77teVEE] FEPMIGH] CRPVESIAT PRCSSPt i on of
lo the cat daisinetifat to@phtes eaftacingOinta amctdr, bifeedstoak with & eatadepne
deactivated catalyst; renoving at |east a portion the deactivated catal yst

fromthe retdescondiiganeffective ta fsnpe Predict @nditheprsets. Jag ed cat al yst
renoved fr%n&ﬁ@bﬁ%@gﬁq&%@rgﬁgﬁégﬁjé;/‘é?b?ﬁ%ttoafoprﬂr6ri Fggtéggnﬁﬁr&onaceous

deposits from o forman a east "partially 15
r egener @t edhe ahtdlysticausingy atdetaca podidrnef the datalgst tparedoate y r egener at ed

catalyst with the by-products to facilitate an endpthernic reaction with

the . by- pr iRRC¥SteqATalet KemoyEisatea?t 3 RPSICDE aASHVBEAARESta et hod

for convergifidngegyetor!iBhbsaRNERE portorioMhadidcivhledBLRLO | i ght

ol efins an 20 carbonacedus depOdsits on a catal yst w thout “separation of
t he heavy oksfaved fferoithe heagioothutamete shieaska ponigpn akthei garbopacasuson zone.
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catalyst with the by-products to facilitate an endothermic reaction with the
by-products.
Yet another aspect of this invention provides a method for
converting heavy olefins present in a product stream into light olefins and
20 carbonaceous deposits on a catalyst without separation of the heavy
olefins from the product stream exiting the first reaction zone. The method
comprises the following steps: producing a product stream in a first
reaction zone, the product stream including heavy olefins; moving the
product stream from the first reaction zone to a second reaction zone
25 without separation of the heavy olefins from the product stream, and
| contacting the product stream with a catalyst in the second reaction zone
under conditions effective to form the light olefins, the contacting causing
carbonaceous deposits to form on at least a portion of the catalyst
producing a deactivated catalyst.
30 Another aspect of this invention provides a method for controlling
the conversion of heavy olefins into light olefins. This method comprises

the following steps: creating a first product stream in a first reaction zone,



25 without separation of the heavy olefins fromthe product stream and
contacting the product streamwth a catalyst in the second reaction zone
under cepgoik@os effective to formthe Iight ol efins, thecardiaatissg
causing carbonaceous deposits to formon at |east a portion of the

catal yst producing a deactivated catal§st. 30 Another aspect of this

I nvention provides a nethod for controlling the conversion of heavy
olefins into light olefins. This method conprises the follow ng steps:
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the |ight odiffctivs to féren B seebhagtddigt efreamgoraprisinganedygst olefiesithe to form

*on at least a portion of the catal yst produci 3_& a deactivated ce}t al yst,
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control I ed iy c%tﬂg&gfrggé%g%aéﬁbét%h e EERNr?éfréﬁﬁﬁbCa%ﬁom dfige same_or

different fromt uct “stream exiting the first reaction zone. io0
O her advantatglyst iartde seesndfeadienmoneds soofroléd bpagveabaniaventhen wil |

beconme apparent fromthe follow ng detail descrintion an ended
dr awi ng an&gréﬁ %ﬁoﬁﬁp{nﬁqﬁ%a'ﬁicﬁﬁ‘rtée oG Of 9?@9{% fﬁg@ﬁhf} ptrggké%r%pﬁpp t he
processes odxifintfthePfiresRitctibA¥@ARI on. 15 Wien converting oxygenates to |ight
olefins, it is desirable to nmaximze the production of |light olefins, and

to contlol , typi@tharpdventagesianidzesestafdhgpoerras efithePreseprioaitios. This
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st ream contdranimg@and stdmisant i al quantity of 20 heavi er hydrocarbon by
products, i.e., C4+ hydrocarbons, E@rt [ gﬂl ar | éQC4+ ol efins. Aft

contacting, the SR@EIGUEe shows 3 €agirdisefil ig ceaarctihe RIQGeRaesf tE{ar eam

cont ai ni ng ;?r‘esbﬁlaiﬁbeﬁﬁ’omﬁ . % oxygenate. This manner of contacting a
catalyst with a stream containing a substantial quantity of C4+
15 When converting oxygenates to light olefins, it is desirable to

maximize the production of light olefins, and to control, typically to
minimize, the production of by-products. This invention accomplishes this
result by contacting a fresh, fully regenerated, or partially regenerated
catalyst with an olefin product stream containing a substantial quantity of
20 heavier hydrocarbon by products, i.e., C4" hydrocarbons, particularly Cs"
olefins. After contacting, the same catalyst is used to contact an
oxygenate stream containing at least 50 wt.% oxygenate. This manner of
contacting a catalyst with a stream containing a substantial quantity of Cs
hydrocarbon by product, and then a stream rich in oxygenate, provides a
25  product rich in light olefins.

The process of the present invention for converting oxygenates to
light olefins employs an organic starting material (feedstock) desirably
comprising oxygenates. As used herein, the term “oxygenates” is defined
to include, but is not necessarily limited to, aliphatic alcohols, ethers,

30 carbonyl compounds (aldehydes, ketones, carboxylic acids, carbonates,
and the like), alkyl halides and mixtures thereof. The aliphatic moiety

desirably should contain in the range of from 1-10 carbon atoms and more



hydrocar bon by product, and then a streamrich in oxygenate, provides a 25
product rich in light olefins. The process of the present invention for
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mat eri al (feedstock) desirably conprising oxygenates. As used herein, the
term "oxygenates" is defined to includé but is not necessarily linited
to, aliphatic alcohols, ethers, 30 carbonyl conpounds (al dehydes, ketones,
carboxylic acids, carbonates, and the like), alkyl halides and m xtures

thereof. Thgedtdomhinithe raﬁ'%@bﬁroelﬁiizqr@é}bﬁn%%@mhd ESértativee t he range of
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In the prese I nvention, an OXy
reacti on zacare raéthanokaimethyhetierandoheduresrtheresd e Mare aleggbblytthpr ocess
effectiyve

diti ffectjve t | ight olefins, i,e. !
Cemper o ur EVognBl B raSrangl &8 used ferShale raycidelefaeSibal of

diluent, cosfiphid Brhapfl hatdiadises dd l%@tfeéb?Wh@&otaﬂ&ﬁar‘qbébﬁfeedstock
ol efin-contai ning product generally contains undesirable by-products such

as heaviser toltbeiraactionzane aay canjain @sditipnat semeeupds .ciuehf ag diEantpr ocessi ng.
In this inventi qﬂ’th@%‘?@é’(ﬁ{t’invention, an oxygenate feed is contacted in a first
reaction zone of a reactor with a molecular sieve catalyst at process
conditions effective to produce light olefins, i.e., an effective temperature,
pressure, WHSV and, optionally, an effective amount of diluent, correlated
20  to produce light olefins. The light olefin-containing product generally
contains undesirable by-products such as heavier olefins, which are
typically removed before further processing. In this invention, however,
the heavier olefins need not be removed from the light olefin-containing
product. Instead, this product can be used as a feed material and the feed
25  can be brought to a second reaction zone for additional contact with
molecular sieve catalyst. In this additional reaction zone, heavier olefins
also contained in the product are converted to light olefins. Under the
appropriate conditions, the heavier olefins are converted relatively quickly
to light olefins compared to any further reactions in which the light olefins
30  originally present in the feed might undergo. Such conditions are further

discussed below.
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15 regenerated to have an average level of coke effective for selectively
converting C,"* olefins to ethylene and/or propylene. Desirably, the catalyst
will be regenerated such that the regenerated catalyst will have a coke
content of less than 5 wt.%, desirably less than 2 wt.%, and more
desirably less than 1.0 wt.%.

20 Desirably, a portion of the deactivated catalyst remains in the
reactor, and a portion of catalyst is removed from the reactor for
regeneration and recirculation back to the reactor. Desirably catalyst
removal is at a rate of from 0.1 times to 10 times, more desirably from 0.2
times to 5 times, and most desirably from 0.3 to 3 times the total feed rate

25  of oxygenates to the reactor.

It has been found in the present invention that the use of a fresh,
fully regenerated, or partially regenerated catalyst in selectively converting
C4" hydrocarbons provides better overall light olefin selectivity with
reasonable catalyst activity, and provides better control of the reaction

30 temperature inside of the reactor than prior art processes. The
regeneration temperature in the catalyst regenerator measures from 250°C
to 750°C and desirably from 300°C to 700°C. Desirably, the catalyst



renoval is at a rate of fromO.1 tines to 10 tines, nore desirably fromO. 2
tines to 5 times, and nost desirably from0.3 to 3 tines the total feed
rate Q¥ygenates to the reactor. It has been found iparhiRg/pesent
|nvent|on t%at the use of a fresh, fully regenerated, or partially
regenerated catalyst in selectlvely coﬂvertlng C4+ hydrocar bons provi des
better overall light olefin selectivity with reasonable catalyst activity,
and provides better control of the reaction 30 tenperature inside of the
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desirably n%tdluwigeaigémgahtiiyaséat Dapndiny en Hig bwmroxggeﬁétrel ppl ng chanber,
using steam nitrogen, or nethane, anpng others. Stripping the catalyst

MRy i npr oveCORVEESIgR Seaktionpaaates ang H‘t?ef§§d§§9§ka@ icOmBiRALieN obak ssi on
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value. Wth Trenova ere cs may have a val ue as
chem cals, Before the deactivated catalyst xs regenerated especially

oxidatively regenerated, at least some of the volatile organics are desirably
stripped from the catalyst in a stripper or stripping chamber, using steam,
nitrogen, or methane, among others. Stripping the catalyst may improve
the process economics, process operation and/or emission control. If the

20  organics are not removed, they will provide at most fuel value. With
removal, the recovered organics may have a higher value as chemicals,
not as fuels. In addition, the amount of organics removed during
regeneration or partial regeneration is reduced. This leads to better heat
management both in the catalyst regenerator and on the catalyst,

25 particularly when an oxidative regeneration method is used. Less carbon
oxides are generated in an oxidative regeneration mode because there are
less organics to be oxidatively removed.

After being regenerated, and optionally stripped, the catalyst is
exposed to the product stream from the first reaction zone. This contact

30 with the product stream occurs in the second reaction zone of the reactor.

The product stream that flows into the second reaction zone will

typically contain a significant portion of C,* hydrocarbons along with the



not as fuels. In addition, the ampbunt of organics renpoved during
regeneration or partial regeneration is reduced. This |eads to better heat
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particularly when an oxidative regeneration nethod is used. Less carbon

oxi des are generated in an oxidative regéneration node because there are
| ess organics to be oxidatively renoved. After being regenerated, and
optionally stripped, the catalyst is exposed to the product stream from
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olefins 5r e'f@ﬁﬁgrereta%técf‘ﬁtcjg gg@%sr{fgb% 'hg_é]ggg@%si tions already present in the

stream being further reac o u I'rabl e by-product. Desirably the
product stream t hddesrably the predsetstnebm dlaatt erdarsztheesecont Iregctivpr e at | east

50 wt. % light olefin. (i..e. i hation of ethylenpe and I ,
cosirably ot WisSmBibiatTeastBoneloh Eineetienl o TaDRYOR 0! BINIARET BO wt . %
i ght ol efi n-an'dtprioéy@n%& dagd 'ab%b%tﬁeétlﬂ%S whey, %@%n,ﬁf/ﬁ&%@} ﬂ%gﬁ" at' ess than

50 wt. % C4+ hydrocaibons, desirably |ess than Iy rocar bons,
nor e desilPabll§ast&dswi.faligdmielin. ol uaisoglegirabletthabihierpibtyct $tesssnhiasie 20 wt . %

caralyst i n (R e PhiEDeh e, HERPAY K 8 SRR G Con o the

l'i ght ol ef i n hydrguznbohs, mbleeystrablalesk alasrt 38 AT G Onasd mo§?|’de§lﬂéﬁl§/ant ially
ounds can be separated if desired. In such a

all of, the light olefin _conp d
case when pril@¥ é@ﬂa@%‘("_ﬁ-%&ef hygrocaeanse Ipismretairesk thahthe proghet ol efin
Canryar, o chEshEEfigel bo St EARbEbB PR LA occ o0t oot 10
concent r a6 i oiseparation efdbe light elefitvcCapamedtsocldowensr, atlesdst aljortion of,
or substantially all of, the light olefin compounds can be separated if
desired. In such a case when prior separation of at least a portion of the
light olefin compounds is included, it is desirable to obtain a stream for
contacting catalyst in the second reaction zone which has a C,*
20 hydrocarbon concentration of at least 25 wt.% C4* hydrocarbons, desirably
at least 30 wt.% C4" hydrocarbons, more desirably at least 40 wt.% C,*
hydrocarbons, and most desirably at least 50 wt.% C4" hydrocarbons.
The second reaction zone can be located inside of a common
reactor vessel along with the first reaction zone, or the second reaction
25 zone and the first reaction zone can be located in separate reactor vessels
within the same reactor. Desirably, although not necessarily, the second
reaction zone is adjacent to the first reaction zone. Fresh catalyst can also
be mixed with the regenerated catalyst as desired.
The second reaction zone can also contain a portion of catalyst that
30 has been transferred to the second reaction zone along with the product
from the first reaction zone. Desirably this combination of fresh catalyst,

catalyst from the regenerator, and catalyst from the first reaction zone will
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product stream from the first reaction zone while the catalyst is hot. By
“hot” it is meant that at least the catalyst from the regenerator is not cooled
substantially below the temperature of the catalyst already in the first
reaction zone prior to being contacted. For example, catalyst being

20 returned from the regenerator will have a temperature of from 250°C to
750°C. One skilled in the art will appreciate that a slight amount of cooling
may take place as the catalyst is transferred from the regenerator to the
reactor. Hot catalyst can be used because the regenerated catalyst is not
initially contacting the full amount of the oxygenated feedstock but instead

25 the products of the converted feed and higher temperatures can be used
to facilitate conversion of the Cs* hydrocarbons. One skilled in the art will |
appreciate that the regenerated catalyst will contact some unconverted
feed but will not contact enough of the pure feed to reduce the beneficial
effects of contacting the regenerated catalyst with product stream from the

30 first reaction zone.

The invention is desirably conducted in a fluidized bed reactor

which has a riser region as the first reaction zone and a dense bed region




20 returned fromthe regenerator will have a tenperature of from 250C to
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region is a thecrt. oDesirablpetheatssr oegion isbperatédit a Eadtdluis bed 9bgiftte 80 not
substantially nove axially through the reactor wth )
15 gneumatlc conveying regime, and, more desirably, in a fast fluid bed
regime.
The dense bed region is a section of the reactor in which the
catalyst solids do not substantially move axially through the reactor with
the reactant gases, but rather mix randomly within the region. This flow
20  regime is achieved by appropriate selection of reaction conditions,
including, among others, gas superficial velocity, catalyst particle size and
catalyst density. Manipulation of these variables is well known to those
skilled in the art. Desirably, the dense bed region is operated in a bubble-
free regime, bubbling regime, slugging or turbulent fluidization regimes.
25 More desirably, the dense bed region is operated in a bubbling, slugging or
turbulent fluidization regimes and, most preferably, in a turbulent
fluidization regime.
A reactor 10 useful for conducting the process of the present
invention is shown in the Figure. The reactor 10 includes a first reaction
30 zone 14 and a second reaction zone 16. The first reaction zone 14 adjoins
the second reaction zone 16 and the second reaction zone 16 is desirably

positioned above the first reaction zone 14. Feed is provided to the
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| east one Cat@é}é@%t {'ff‘ﬁ@?cgfat%t ?(Qtu['r?ﬁrlrg By, cat alyst from the second

reacti on zone reacti on zone 14. A flow control devi ce 22
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catal yst through cafal return |line . Wth ef erence to the
figure, chtal sigpPe2d | ﬁEQBtar'é‘?PStf%r lipe f@ §¥v9ﬂﬁ5£?§ h/sfthhBW SHPPEhst er
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regenerator 28 throug I'1 ne luent ffomthe stripper is renoved
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the reactor 10. The es of .t present invention can be conducted in
the 15 react ofF9EHET rZﬁ‘g q:;ga[cﬁcghﬁ} gure, an oxygenate feed is fed to a

reactor 10 throughhé&pf@essks ¢ tHe2preboat invedtibs cardet @shdiictdd i that al yst in
a first reaction zone 14 achievi n% desi rriig)l( >r]80%fcodnvefr %I on, r;lorer
desi rabl y1s  reactor 10. As shown in the Figure, a ygenate feed is fed to a reacto
10 through a feed line 12. The feed is reacted with a catalyst in a first
reaction zone 14 achieving desirably >80% conversion, more desirably
>90% conversion and most desirably >99% conversion to products
comprising light olefins and heavy olefins as well as small amounts of
20  other products. The first reaction zone 14 operates as a riser region.
Subsequently, the product stream of the first reaction zone 14 is passed
through a second reaction zone 16, which operates as a dense bed
region. Inthe second reaction zone 16, the heavy olefins are preferentially
converted to other products relative to the rate of conversion of the light
25  olefins. The products are removed from the reactor 10 through line 18. By
carrying out a second reaction, the amount of heavy olefins present in the
product stream can be depleted relative to the depletion of the light olefins,
achieving desirably >80% conversion, more desirably >80% conversion
and most desirably >99% conversion to products comprising light olefins
30 and heavy olefins as well as small amounts of other products.

An aspect of this invention is to provide a method for converting the

heavy olefins present in the -product stream exiting the first reaction zone
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recirculation o

catalyst in the first reaction cfon& 14, tgroggh the use
of a flow con(2)aontrevingdhe satehofdsansnert GaslioN cand/Ph (R GORTPUNSdRGi ce 22:
(2) controlli the 0 rﬂ{{‘é 0 'r@'l‘w Q6 niethog9rhd@théng t he
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reaction zone 14.
The second reaction zone 16 is designed to further convert the

products exiting the first reaction zone 14, especially the heavy olefins into
lighter products and coke, i.e. carbonaceous deposits, with a

20 corresponding decrease in the amount of the heavy olefins remaining in
the product stream which exits the reactor through line 18. By varying the
amount of catalyst present in the second reaction zone 16, the extent of
the second conversion can be controlled. Conversion of the heavy olefins
in the second reaction zone 16 can be controlled by the following methods:

25 (1) adjusting the height of the dense bed in the second reaction zone 16;
(2) adjusting the temperature of the catalyst in the second reaction zone
16 as compared to the temperature of the catalyst in the first reaction zone
14; (3) controlling the dimensions of the second reaction zone 16; and
(4) controlling the amount of carbonaceous deposits on the catalyst

30 present in the second reaction zone 16. Using these illustrative methods

- and other techniques weli known to persons of ordinary skill in the art, the



The second reaction zone 16 is designed to further convert the products
exiting the first reaction zone 14, especially the heavy olefins into
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correspondi ng decrease in the anount of1 he heavy olefins remaining in the
product stream which exits the reactor through line 18. By varying the
anount of catalyst present in the second reaction zone 16, the extent of

t he second conversion can be controll ed. Conversion of the heavy ol efins

i n the seconddrrapdib®bf Aeady dlefingintdéightenproduats chy belsritailedvn tige met hods:
25 (1) adjusting the height of the dense bed in the second reaction zone
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~catal yst 30 p ent he second reaction. 6. I ng_t hese
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controlling t,@g,cﬁt{r@ﬂmé sebofdgasddtiont &shectd.al yst in the dense bed region of
the second reaction zone 16. 15 Desirably, the tenperature of the second

reaction one 16 iBesirajtwrthe temperatere ehipershcand reactianezong 46 i3 BIgheT on zone
14. Desirabl Ythah Qe temperature of the first reaction zone 14. Desirably, the

temperature in the second reaction zone 16 is at least 10°C higher than in
.the first reaction zone 14, more desirably at least 20°C higher, and most
desirably at least 25°C higher.

20 Second reaction zone 16 desirably has a diameter greater than that
of first reaction zone 14. This greater diameter causes the velocity of the
reactants, products and catalyst to decrease in the second reaction zone
16. This decrease in velocity results in an increase of the packing density
of the catalyst in the second reaction 16. As such, more catalyst is

25  retained in the second reaction zone 16 than in the first reaction zone 14.
Therefore, the olefins are thoroughly brought in contact with the catalyst, .
desirably by a percolation type flow of the olefins through the bed of
catalyst in the second reaction zone 16. As a result, the heavy olefins are
more deeply depleted and converted to the lighter products in the second

30 reaction zone 16 than in the first reaction zone 14. More desirably, second
reaction 16 has the shape of an inverted frustum of a right cone tapering

outward from the first reaction zone 14 as shown in the Figure. With this



tenperature in the second reaction zone 16 is at |east 10C higher than in
the first reaction zone 14, nore desirably at |east 20C hi gher, and npbst
desi r ablwyoat/eésast 25C hi gher. 20 Second reaction zone 16POBEse1AI23p has a
di ameter greater than that of first rea %_ion zone 14. This greater

di aneter causes the velocity of the reactants, products and catalyst to
decrease in the second reaction zone 16. This decrease in velocity results
in an increase of the packing density of the catalyst in the second
reaction 16. Asapselche veluocity olibadarsier §as dba ffleididetbded in $deorsbmattion eact i on

zone 16 than in t irst reaction zone 14.  Therefore, the olefins are
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“percol ation tygge hbGrahsbdeTAsSIA ﬁﬁn,t&mg'éghhéfb%cpr%g_dgnsq?t@wét in the
second reaction zone 16. As a result, the heavy olefins afe nore deeply

depl et ed and calalyst irethet seaond reaghorzope d8detircrease irethedovaded Suistusact i on
“zone 16 than in t‘%f fi rsaf] refction z,lt e 14. More desirably, second reaction
16 has thesshﬁrb%o SEFPNRFERA 4PPESum of a ri ght cone tapering outward

fromthe first reaphigypezrig ubéfidopibasnmbde thepEigivhecotplised hi s WO
01/ 66497 PCT/ USQ1/ 4025 - 16 shaRe, the velocity of a carrier gas of a
f1ui di zed bedreGircykaéing Fatalyst rom the seond rerdiionzwe Hethraegk lipg£bdact i onal

area of the sggo i 0; By i TR Sarid Ik} s the
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in the invert efitherasalyst, andsthapda tise catatlst eegenerator @B8doTéturAra partielty al | y

useful optional, node of operation, c rises recirc I ng catalyst from
the second r eQby Codhiated rieby PR RHarL e e dEto Poadit Eatin o,
i n which vol aphhe 18/IaNE FedBtbel O alThediofathé brqtie nftérialgfart hemeabal yst, and
then to the catal yst regenerator 28 to return a partially to or fully

regenerat ed cioal etstippesadn tipugdgthe e BenOPpnaly sz catalystegotaren  zone 16
ctripper 24 ¢ IPAUBAQRicoul BER RS Rl eh e Rp BB AR g *Mheat er
(not shown) cesdctot) Bloagamhet®d. ween regenerator 28 and the reactor 10
along line 30. 15 Alternatjvely, a captive bed of the sane or other
catal yst éan be  Alternatively, a captive bed of the same or other catalyst can be
used to achieve the same outcome as that of the catalyst stripper 24 and
the catalyst regenerator 28. This may allow the use of a different catalyst
held at different reaction conditions to more efficiently carry out the second
reactions in the second reaction zone 16 than can be achieved by the
20  catalyst used in the first reaction zone 14.
In the oxygenate conversion reaction of the present invention, the
temperature useful in both the first and second reaction zones varies over
a wide range depending, at least in part, on the selected catalyst, the
fraction of the regenerated catalyst in the catalyst mixture, and the reactor
25 configuration. Although not limited to a particular temperature, best results
are obtained if the process carried out in either reactor zone is conducted
at a temperature from 200°C to 700°C, desirably from 250°C to 600°C, and
most desirably from 300°C to 500°C. Lower temperatures generally result
in lower rates of reaction, and the formation rate of the desired light olefin
30 products may become markedly slower. However, at higher temperatures,
the process may not form an optimum amount of light olefin products, and

the coking rate may become too high.
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reactions to achieve the desired catalytic performance, such as activity
maintenance, light olefin selectivity and control of C4" by-products. In
addition, a portion of the catalyst may be recirculated in the reactor before
it is sent to the regenerator. Because at least some attrition occurs, a

20 certain amount of replacement catalyst is used to replace the catalyst fines
generated and separated.

A wide range of weight hourly space velocities (WHSV) for the
feedstock, defined as weight feed per hour per weight of catalyst, function
with the present invention. The WHSV should be high enough to maintain

25 the catalyst in the fluidized state under the reaction conditions and within
the reactor configuration and design. Generally, the WHSV is from 1 hr ™
to 5000 hr ™!, desirably from 2 hr'! to 3000 hr'', and most desirably from 5
hr' to 1500 hr'. For a feedstock comprising methanol, dimethyl ether, or
mixtures thereof, the WHSV is most desirably in the range of from 5 hr™' to

30 300 hr'. Because the catalyst may contain other materials which act as
inerts, fillers, or binders, the WHSYV is calculated on the weight basis of



15 desirable to match the catal yst regeneration cycle and the conversion
reactions to achieve the desired catalytic performance, such as activity
mai nt enamo @1/6dsbght ol efin selectivity and control of C4+ dyrypsodoasss. |In
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of from1 nolchardd®y thel 40leBbt partialsy Rlgemertedritalgpstcbdok teanaesadton with
recharging the at |east partially regenerated catal yst back to the reactor.
15 Diluents which may be employed in the process include, but are not
necessarily limited to, water (steam), nitrogen, carbon dioxide, carbon
monoxide, hydrogen, helium, argon, paraffins, light saturated
hydrocarbons (such as methane, ethane, and propane), aromatic
compounds, and mixtures thereof. Desired diluents are water (steam),
20  nitrogen, and mixtures thereof.
The level of conversion of the oxygenates -- particularly during a
steady state of the reaction -- can be maintained to reduce the level of
unwanted by-products. Conversion can also be maintained sufficiently
high to avoid the need for commercially unacceptable levels of recycling of
25 unreacted feeds. A reduction in unwanted by-products is seen when
conversion moves from 100 mol% to 98 mol% or less. Recycling up to as
much as 50 mol% of the feedstock is commercially acceptable. Therefore,
conversions levels which achieve both goals are from 50 mol% to 98 mol%
and, desirably, from 85 mol% to 98 mol%. However, it is also acceptable
30 to achieve conversion between 98 mol% and 100mol% in order to simplify
the recycling process. Oxygenate conversion may be maintained at this

level using a number of methods familiar to persons of ordinary skill in the



15 Diluents which may be enployed in the process include, but are not
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production of diffpitabgesfer®. | ow density gases. In addition, the processes

of renoving the deactivated catal yst and rechargi nge t he ?t | east .(g)art lally
regener at &d cat al ysetalyss suitable for catalyzing the oxygenate-to-olefin conversion

reaction of the present invention include molecular sieve catalysts.

Molecular sieve catalysts can be zeolitic (zeolites) or non-zeolitic (non-
zeolites). Useful catalysts may also be formed from mixtures of zeolitic
and non-zeolitic molecular sieve catalysts. Desirably, the catalyst is a non-
20  zeolitic molecular sieve. Desired catalysts for use with the process of the
present invention include “small” and “medium” pore molecular sieve
catalysts. “Small pore” molecular sieve catalysts are defined as catalysts
with pores having a-diameter of less than 5.0 Angstroms. “Medium pore”
molecular sieve catalysts are defined as catalysts with pores having a
25  diameter in the range of from 5.0 to 10.0 Angstroms. Properly adjusted
acid strength, acidity distribution, and acid site density are also keys to a
good oxygenate conversion catalyst.
Useful zeolitic molecular sieve catalysts include, but are not limited
to, mordenite, chabazite, erionite, ZSM-5, ZSM-34, ZSM-48 and mixtures
30 thereof. Methods of making these catalysts are known in the art and need

not be discussed here.
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difficult to perform 15 Catalysts suitable for catal yzing the
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charges, the 1 ncorporation of silicon or other netallic or nonnetallic

el enent s int opattisularly acid sites, and increased acidity. Controlling the quantity and
location of silicon atoms and other elements incorporated into an AlIPO4
framework is important in determining the catalytic properties of a
particular SAPO-type molecular sieve. Suitable SAPOs for use in the
invention include, but are not necessarily limited to, SAPO-34, SAPO-17,
20 SAPO-18, SAPO-44, SAPO-56 and mixtures thereof. In a more desired
embodiment, the SAPO is SAPO-34.

Substituted SAPOs form a class of molecular sieves known as
“MeAPSOs,” which are also useful in the present invention. Processes for
making MeAPSOs are known in the art. SAPOs with substituents, such as

25  MeAPSOs, also may be suitable for use in the present invention. Suitable
substituents, “Me,” include, but are not necessarily limited to, nickel,
cobalt, manganese, zinc, titanium, strontium, magnesium, barium, and
calcium. The substituents may be incorporated during synthesis of the
MeAPSOs. Alternately, the substituents may be incorporated after

30 synthesis of SAPOs or MeAPSOs using many methods. The methods
include, but are not necessarily limited to ion-exchange, incipient wetness,

dry mixing, wet mixing, mechanical mixing, and combinations thereof.
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15 mixing, mechanical mixing, and combinations thereof.
The catalyst may be incorporated into a solid composition, desirably
solid particles, in which the catalyst is present in an amount effective to
promote the desired conversion reaction. The solid particles may include
a catalytically effective amount of the catalyst and matrix material,
20 desirably 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 products and may
25 or may not be effective to promote the desired chemical conversion. Such
matrix, e.g., filler and binder, materials include, for example, synthetic and
naturally occurring substances, metal oxides, clays, silicas, aluminas,
silica-aluminas, silica-magnesias, silica-zirconias, silica-thorias, silica-
berylias, silica-titanias, silica-alumina-thorias, silica-aluminazirconias, and
30 mixtures of these.
The solid particles desirably comprise 1% to 99%, more desirably

5% to 90% and still more désirably 10% to 80%, by weight of catalyst; and



or MeAPGs using many net hods. The net hods include, but are not necessarily
limted to ion-exchange, incipient wetness, dry m xing, wet 15 m xing,
mechani ogb ofileedong, and conbi nati ons thereof. The cat al ystPaEYSW&0253

i ncorporated into a solid conposition, desirably solid particles, in which
the catalyst is present in an anount ef f&ctive to pronote the desired
conversion reaction. The solid particles may include a catalytically
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- 22 an anoupkaAPMPLUEYto 99% nore desirably 5% to 90% and still nore
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15 the reactor tube was maintained at 16.5 psig by using a back-pressure
regulator. The temperature was maintained at 450 + 2°C. Helium was
used as a carrier gas at a flow rate of 60 ml/min. One milliliter (ml) gas
samples of ethylene (C,”) were injected successively at 30 minute
intervals onto the catalyst. The products in the effluent were directed to a
20 gas chromatographic column for analyses. The ethylene conversion was
calculated by subtracting from 100% all of the detected gas phase
hydrocarbon products other than ethylene feed itself. Selectivities to the
products of interest are shown in Table I. Coke yield was not determined.
EXAMPLE 2
25 The procedure described in EXAMPLE 1 was repeated except that
one milliliter (ml) gas samples of propylene (C3”) were used as feed. The
propylene conversion was calculated by subtracting from 100% all of the
detected gas phase hydrocarbon products other than propylene feed itself.
Selectivities to the products of interest are shown in Table I. Coke yield
30  was not determined.
EXAMPLE 3



plugs in a 4 mmdi anmeter quartz reactor tube. The tube was then inserted
into an electrically heated zone which was directly linked to a gas

chromat og,ba(ﬂ%{)ggr on-line anal yses of products. The pressp&ﬁmg@ﬁid;gg of 15
the reactor tube was naintained at 16.5 psig by using a back-pressure

regul ator. The tenperature was maintair?éd at 450 2C. Heliumwas used as a
carrier gas at a flowrate of 60 mM/mn. One mlliliter (mM) gas sanples
of ethylene (C2) were injected successively at 30 mnute intervals onto the
catal yst. The proﬂ,réc ' t i
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det ect ed gas , phase [ OC on.product s other. t han propyl ene feed itself.
Sel ectiviti eCOPy 'Ph@%?i-dﬁi’@?s Véﬁdiv\‘ﬂse’?%tsfet%%'“‘éﬂom in Table |. Coke yield
30 was not deXamPLEed. EXAMPLE 3 WO 01/ 66497 PCT/ USOL1/ 40253 -23 The
procedure descrihed in EXAMPLE 1 was repeated except that one mlliliter

() gas sampl es Wie RsgaufRdeacrnedin BRMIPLECLWas reagaied engePbiidine. 1
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phase hydrocarbon pro é ot her 't han butene-1 fee gnd ot her butene
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Coke yield t determ ned., EXAVPLE 4 Th d d | bed, i n EXAMPLE
1 vvasylrepea\t@}fzﬁﬁQﬁfeﬁﬁggasmésﬁiwpfﬁqa{g?n ?’Hﬁ“ocl?s? atrj'{egt 0, \rJ é‘%fﬂl 2 pent ene
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subtracting from 100%_ all of the detected gas phase hydrocarbon products
ot her than BRieshewn in Table I. Coke selectivity was not determined in this example.

EXAMPLE 5
15 The procedure described in EXAMPLE 1 was repeated except that

one microliter (pl) liquid samples of 1-heptene (1-n-C;”) were used as
feed. The heptene-1 conversion was calculated by subtracting from 100%
all of the detected gas phase hydrocarbon products other than heptene-1
feed and other C5" compounds. Selectivities to the products of interest

20 are shown in Table I. Coke selectivity was not determined in this example.
EXAMPLE 6

The procedure described in EXAMPLE 3 was repeated except that

the reaction temperature was maintained at 500°C. The butene
conversion was calculated by subtracting from 100% all of the detected

25 gas phase hydrocarbon products other than butene-1 feed itself and other
butene isomers. Selectivities to the products of interest are shown in

Table 1. Coke selectivity was not determined in this example.

Table |
Example | Feed | Conversion Selectivity (%) Relative
(%) Cz= Cg= C4= C5=+ Rxn
Rate*

1 C, 2.2 N.AA. {553 147 6.6 1




feed and ot her C5+ conpounds. Selectivities to the products of interest
are shown in Table |I. Coke selectivity was not determned in this exanple.
EXAMPLE o bbecire procedure described in EXAMPLE 1 was repaateshi@szsept t hat
one mcroliter (pl) liquid sanples of 1-heptene (1-n-C7-) were used as
feed. The heptene-1 conversion was cal 2l at ed by subtracting from 100% all
of the detected gas phase hydrocarbon products other than heptene-1 feed
and ot her C5+ conpounds. Selectivities to the products of interest 20 are
shown in Talle . Cpgg selectpyigly \as3ndginget érsgereti1i)g § hi sipexanpl e.
EXAMPLE 6_ The pgocepilne descrizigd 11 68ANREd0 3 [WaA. repsat ¢d eycept t hat
_the reacti o TEFPEr P WIE-WasS Agi3Nt af Aed af45P0C41 e[ RUkene gonvier si on was
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i somers. Sellectivit 0h® [the Products of| interest afe shown in [Table I.
" Coke sel ectijvity wapchot determned|in this exdnple.|Tabl¢ | Exanple Feed

Conver si on Set et,ii-M_ I %ea 'F?g t'é( aﬁ“ 3= fi X er 1 C2=
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based onsfi MACCHEAFES.r eacti on rates and wei ght hourly space velocities

VWHSV) were estimated. The _rates are expressed as relative rates to the
<(at hyIVZane react i ohhegesultsni Table & show that ethylene is relatively unreactive

under typical oxygenate conversion conditions. The relative reaction rates

of converting C3~ to C;~ were at least six times faster than the rate of
converting ethylene. Accordingly, longer chain olefins are preferentially

10 converted to shorter chain olefins when contacting a non-zeolitic molecular
sieve catalyst such as SAPO-34. When a regenerated catalyst is sent
back to the reactor, it is advantageous to expose the regenerated catalyst
to the oxygenate conversion products first to further convert heavier olefins
to ethylene and/or propylene. This method, in effect, increases the overall

15  yield or selectivity of the desired light olefins and reduces the amount of
heavier olefins.

Example 6 shows a much higher reaction rate of converting butenes
to light olefins by contacting with an oxygenate conversion catalyst at a
higher temperature without adversely affecting the selectivities to ethylene

20 and propylene.

One skilled in the art will also appreciate that the olefins produced
by the oxygenate-to-olefin conversion reaction of the present invention can
be polymerized to form polyolefins, particularly polyethylene and
polypropylene. Processes for forming polyolefins from olefins are known

25 inthe art. Catalytic processes are preferred. Particularly preferred are
metallocene, Ziegler/Natta and acid catalytic systems. See, for example,
U.S. Patent Nos. 3,258,455; 3,305,538; 3,364,190; 5,892,079, 4,659,685,
4.076,698; 3,645,992; 4,302,565; and 4,243,691, the catalyst and process



set as 1, in order to mtigate any potential WHSV neasurenent 5

I naccuracies. The results in Table | show that ethylene is relatively
unreact i yg) olkasher typical oxygenate conversion conditionsp-ThRefRbat i Ve
reaction rates of converting C3 to C7- were at |least six tines faster than
the rate of converting ethylene. Accordi2hgly, |onger chain olefins are
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5 The preferreg pmgperature range of operation is between 50C and 240C and

the reaction can be carried out at_|ow, nediumor high pressure, being
In addition to polyolefins, numerous other olefin derivatives may be

15 formed from the olefins produced by the process of the present invention
or olefins recovered therefrom. These include, but are not limited to,
aldehydes, alcohols, acetic acid, linear alpha olefins, vinyl acetate,
ethylene dichloride and viny! chloride, ethylbenzene, ethylene oxide,
cumene, isopropyl alcohol, acrolein, allyl chloride, propylene oxide, acrylic

20 acid, ethylene-propylene rubbers, and acrylonitrile, and trimers and dimers
of ethylene, propylene or butylenes. The methods of manufacturing these
derivatives are well known in the art, and therefore are not discussed here.

As stated above, the preferred oxygenate for use in the methods of
the present invention is methanol. Each of the methods of the present

25 invention may also include the step of forming methanol. Methods for
forming oxygenates, such as methanol, are known in the art and will not
be discussed in detail here. Two methods for forming oxygenates include
fermentation and formation from synthesis gas. These methods are also
useful to form other oxygenates.

30 As also stated above, the at least partially regenerated catalyst can
be used to manage heat within the conversion reactor. As one skilled in
the art will appreciate, the conversion of the oxygenate feedstock to light



anywhere within the range of 1 bar to 200 bars. For processes carried out
in solution, an inert diluent can be used, and the preferred operating
pressuravoangrsi s between 10 bars and 150 bars, with a prrefrawsoedo2sso
tenperature range of between 120C and 23%0. For gas phase processes, it is
preferred that the tenperature general I'y2 be within a range of 60C to 160C,
and that the operating pressure be between 5 bars and 50 bars. In addition
to pol yol efins, numerous other olefin derivatives may be 15 formed from
the ol efi ns pslefine Btarbgxdthermaloeastormf By retupniagané at reesnpadiallyor ol efins
recovered therefrom These include, but are not |limted to, al dehydes,
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-26 ol efi ns imotaataysttifepokd indbe réantor By theeendothagnicleonyersieasf thearti al |y
regenerated catal yst .to.contact_t by-products of the conv i reaction,
the | onger cﬁ&?ﬂe%‘?laﬂ? ggﬁéﬁl%%%fang@ngéﬂ\%?gso'ﬁ?qgtgélhnc?n pé&%yef%@‘%gﬁgt ed to
shorter chai ngddegght ol efin products. The conversion of the |onger chain by

5 products to shorter chain light olefin products is an endothermc
reaction.l1s Persons of ordinary skill in the art will recognize that many

modifications may be made to the present invention without departing from
the spirit and scope of the present invention. The embodiment described
herein is meant to be illustrative only and should not be taken as limiting

the invention, which is defined by the following claims.



The conversion of the by-products into Iight olefin products consunes heat
produced by the conversion of the oxygenate feed, thus, reducing the
overal |l {eahefo-r€action in a reactor during a catalyzed pheRis6P40253
conversion process. By feeding the hot catalyst to the reactor, a catalyst
cooler may io be elinmnated fromthe apggaratus used to produce the desired
olefins or, at |least, the catalyst cooler can be reduced in size and/or
cooling duty. The hot catalyst is cooled in the reactor by the endothermc
conver si on r«chain (C4, C5, C6 and longer) olefins into

et hyl ene, p%’ﬂ%?&g‘aﬁ?‘ga lEbke. 15 Persons of ordinary skill in the art wll
recogni ze that many nodifications may be nade to the present invention
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not be takenyamnd ismdﬂn@ﬂwo&&ﬁn'gﬂgiﬁgﬂ on, which is defined by the follow ng
claims. WD 01/66497 PCT/US01/ 40253 -27- What is claimed is: 1 1. A method

for contpolling tdieatinghedirstipsadott steeany inadirstreattinrozongiihe fipstol ef i ns, sai d
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zone, the firs uct eany conpr i sing nmovi ng the

first praduct sgesmrtoansdécon reacton zoracandoontaoting dedfisopredudtng the fir st
product 6 streamw th a catalyst present in the second reac(;i on zone under

7 condit ifons efireaMiwith asatalyshrieseridndne s6a0Re reacdtioRROCEI9Ei ng the 8

i ght ol efins, I J I i ormon 9
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wher ei n he antighttolefing, Isaidcetrsbgting causihg cadmmatepaadeposity torinson 11
controll ed by a, nmechani

sm 1 2. The methaod of claiml erein said first
reacti on?zone %@@g{]@go&on of éerqag%lyétr@ﬁ&ﬁ'ngﬁdgﬁgaagﬁﬂ@?ﬁé’acti on zone
operatesjpas a ¢pBRan IR afhdurloPthe Eataf/st RCPREICRABIEABIGIPREN®R NY _
positioned above said riser 4 region. 1 3. The nmethod of claim2, wherein

sai d mechani sneerirolleskby aimeghanisma.
1 2. The method of claim 1, wherein said first reaction zone operates as
2 ariser region and said second reaction zone operates as a dense bed
3 region, said second reaction zone being positioned above said riser

4  region.

1 3. The method of claim 2, wherein said mechanism for controlling the
2 amount of the catalyst in the second reaction zone is selected from the

3 group consisting of (1) controlling the height of the riser region; (2)

4 controlling the height of the dense bed region; (3) controlling the rate of

s flow of a transport gas flowing through the dense bed region; (4)

6 controlling the rate of recirculation of a portion of a catalyst from the top of
7  the riser region to the bottom of the riser region; (5) adjusting the

8 temperature of the catalyst in the second reaction zone; (6) controlling the
9  shape of the dense fluid bed section; and (7) controlling the amount of

10  deactivated catalyst in the dense bed region.

1 4. The method of any of the preceding claims, wherein at least a

2 portion of the catalyst comprises an at least partially regenerated catalyst,



2 anmount of the catalyst in the second reaction zone is selected fromthe 3
group consisting of (1) controlling the height of the riser region; (2) 4
cont r ol Iwo@1/ké¥e7 hei ght of the dense bed region; (3) contrmattuswy4edse rate of
5 flow of a transport gas flow ng through the dense bed region; (4) 6
controlling the rate of recircul ati on'ag'a portion of a catalyst fromthe
top of 7 the riser region to the bottomof the riser region; (5) adjusting
the 8 tenperature of the catalyst in the second reaction zone; (6)
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controlling the ambunt of 1o deactivated catalyst in the dense bed region.
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the product streamin the first reaction zone. 1 6. The nethod of any of
the preceding clains, wherein at |east 80%of 2 the first product stream
i s the |ilght-ol eflitgsmgkpd pfcamecfithie prregeding ctaims, wheraig hirpsdBO% af m 6,
wherein at | 9 ir ; : ' i ght ol efins
and the %ea\}ﬁ/gﬁfsé?) ?ﬂﬂtf&%ﬁnﬂ.ﬁéﬁ%@hﬁ%@ﬁ%s 86%?&% ggg‘/\/\%e%}éef!h% at | east 99% of
the first product 2 streamis the light olefins and the heavy olefins. 1
9. The net hdd of Taeymethachef gaietEdwherein at iesst 9D%r efi thedirst pradtic8B0% of 2

t he second product .stre is the light olefins and the heavy olefins. 1 10.
The met héd ﬁfeér‘hisrﬁé,“ga%teﬁl‘ﬁaag tthE?VbBI%'BF" the second product 2 stream
is the light olefins and the heavy olefins. 1 11. The nethod of claim 10,
wherein at lgeast THemethddef dsiaondwhergi athieatkt 88YLeamthedirstherodught ol efins
and the heavy olefins. 1 12. The method of any of the preceding clains,
wherei n & t Sigapuisdhe light glefinpanddbe hgarealainén zone is higher than a
tenperature of the first

1 9 The method of any of the preceding claims, wherein at least 80% of

2 the second product stream is the light olefins and the heavy olefins.

1 10. The method of claim 9, wherein at least 90% of the second product

o

stream is the light olefins and the heavy olefins.

] 11.  The method of claim 10, wherein at least 99% of the second

(89

product stream is the light olefins and the heavy olefins.

1 12. The method of any of the preceding claims, wherein a temperature
2 of the second reaction zone is higher than a temperature of the first

3 reaction zone.

1 13. The method of any of the preceding claims, further comprising
2 adding the at least partially regenerated catalyst to the second reaction

3 zone.

1 14. The method of any of the preceding claims, further comprising

2 regenerating the deactivated catalyst.



3 reaction zone. 1 13. The nethod of any of the preceding clains, further
conprising 2 adding the at least partially regenerated catalyst to the
second r 3 zone. 1 14. The method of any of the p | ai s,
further ‘ggﬁ)ﬁ)gl ng 2 regenerating the deactivated cat al yé&fﬁ%ﬁ@ﬁ%%w?
PCT/ USO|/40253 -29 1 15. The nethod of29¢l ai m 14, wherein said regenerating
the deactivated 2 catalyst conprises recircul ati ng the deactivated

catal yst fromthe second 3 reaction zone vi a a catal yst stripper and a

cat al yst re er t he ecand action zon 16. The met hod
of any of' th pre F}?sﬁ%‘?g ﬁJ\?'mf1érf"‘rsﬁ’§fe'E [esqqggra@%ﬁ]%/%%qq?lypw t he
light ol efi rtsatéwstfwrﬂpﬁgés/féc%umnglhéaeaEhﬂatéybataiyétffrcﬁ\Mh@Eeé&ﬁj precedi ng

“claims, further conprising 2 reducing the heat of reaction in sal d method

by off set | rf@aﬁh@ reae via/a catalyst stipper ipadex et ladrstiregermiator Hiack tothe he

f eedst ock t ct stream4 with the heat absorbed by

contacti ﬁg gsalcgﬁ rb%géaos E%géjtl ally regenerated 5 catalyst with the first
product streamto facilitate an endothermic reaction. 1 18. The nethod of
claim 17,1 whth.ei nThmmeemmhbbﬁanyrbttheegmbédimgz:lmnmjtﬁmﬂmr‘cdtﬁn;smngld pr oduct

stream 1 19. .Th recedi ng clainms, wherein said
f eedst ock zpqhémggpggt ﬁﬁ "9{) ﬁ\eflﬂ% %foéﬁbg I?Fg?l ng of methanol, dinethyl
ether, methyl 3 formate, nethyl car bonate and m xtures thereof. 1 20. The

net hod of; cl&i.m Ifhe Weshed bf §|$}hdf frrestetesing Gaiffiy, ms’mér colnarlsmg he met hod of

any of the precedi n% cl ai ns, erein said catalyst is a nol ecul ar sieve
cat al yst 2 1 reducimgdhebenbafl sacipaimsaig mmdebmofé%@tan@rm%baawv@v@/e

SSLALISL LS B R S SARL BhOORNAP AL L EAALN Y tne'ndPprIfy TREARC of ol &l m

22 wher e| n S um nophospha qect romthe
group comsi switmtheofiesiAfBSotbdd bpaBatattig sali aﬂlB@stl@amSM’;P@g’iaher@ABO 44,

SAPO- 56 and m, xt ure converti an ox enate
feed to an datalyst ‘ﬁ&%hﬂfb ws?prodluc%stream to t}écﬂtate an endotherrrr11| reac;tlonyg

1 18. The method of claim 17, wherein the endothermic reaction

2 produces the second product stream.

1 19. The method of any of the preceding claims, wherein said feedstock
2 is selected from the group consisting of methanol, dimethyl ether, methy!

3 formate, methyl carbonate, and mixtures thereof.
1 20. The method of claim 19, wherein said feedstock is methanol.

1 21. The method of any of the preceding claims, wherein said catalyst is

2 amolecular sieve catalyst.

1 22. The method of claim 21, wherein said molecular sieve catalyst is a

2 silicoaluminophosphate catalyst.

1 23. The method of claim 22 wherein said silicoaluminophosphate
2 catalyst is selected from the group consisting of SAPO-11, SAPO-17,
3 SAPO-18, SAPO-34, SAPO-44, SAPO-56 and mixtures thereof.

1 24. A method for converting an oxygenate feed to an olefin product
2 comprising: providing a reactor containing a first reaction zone and a

3 second reaction zone; introducing into the second reaction zone a



“light olefin. 1 28.

2 conprising: providing a reactor containing a first reaction zone and a 3
second reaction zone; introducing into the second reaction zone a WD

01/ 66498y Ee1/kdddD / 40253 - 30 4 silicoal um nophosphat e gatrlsesi2s3
contacting an olefin product streamfrom 5 the first reaction zone with

t he silicoal um nophosphate catal yst in3he 6 second reaction zone to form a
final olefin product stream passing the 7 silicoalum nophosphate catal yst
in the second reaction zone to the first 8 reaction zone; and contacting

the sili %Oa'éﬂgédgggﬂﬁ%ﬂ%g%&aﬁrﬁg%{éf t; B5¥a86hg dn zfﬁkaﬁﬁh&_sétréé‘rﬁ%drﬁ” zone

wi t h oxygenat met hod of cl-al m 24, erein the reactor is a
ri ser react dhe first resctiorhzoneewitb dhesilioaaluofinephosph2te ecatalyshimthes, wherein

the olefin 2 product streamfromthe first reactjon ne_conprises at | east

50% e o4 1 o 58 SRhetia SoE b R fadciin preRfit SPeAR" BaSHIB G re ol o T

product st r eqBoklfiinbPRosphdte cataly1ae the BecsHiFre2@lDn z6A8 tathd A/tt 55 W . %
The nmethod of claim 27, wherein the ol efin product

st r eam f Bomreaetiorpzeng;aindreartacting herfdlicoghpningpgosphate £atalget RASSEH| i ght

ol efin. 2 Wi J 24 to 28, wherein the
oxygenaté 30%%-%@@5‘3%%@?@2{50 at @%gy&%%&\l?vt%g?oxygenate. 1 30. The nmet hod of
any one of clainms 24 to 29, wherein the olefin 2 product streamfromthe
first reactidin zorre metpd skdainef4, whareistheweagtords @risdryaaotoar bons. 1 31.
The nethod of claim 30, wherein the olefin product streamfromthe 2 first

reaction zo conprises | th 4 . % CA+ £ S..%.32. The
met hod of cl%d'm g'?ir]e Wﬁi’?%qeﬁfs%eegﬂ?'é%%p?ro&%&5%55’@%%‘@%@ lte 8 2 first
react i on;zongo@0cNticHrs frofsthel firatire3etivh Z¥nE4bnipribescadmst S0 wt. 33lighthe
met hod of any one of clains 24 to 32, wherein the catalyst 2 introduced

into the3sed®®fiN-reacti on zone has a coke content of less than 5 3 W.% WO
01/66497 PCTIUSO /40253 -31 4 34. The nethod of claim 33, wherein the

catal yst ;i ntyoduch hatbd Bclaim 26, wherein the olefin product stream from the

2 first reaction zone comprises at least 55 wt.% light olefin.

1 28. The method of claim 27, wherein the olefin product stream from the

2 first reaction zone comprises at least 60 wt.% light olefin.

1 29. The method of any one of claims 24 to 28, wherein the oxygenate

2 feed comprises at least 50 wt.% oxygenate.

1 30. The method of any one of claims 24 to 29, wherein the olefin
2 product stream from the first reaction zone comprises less than 50 wt.%

3 C4 hydrocarbons.

1 31. The method of claim 30, wherein the olefin product stream from the

2 first reaction zone comprises less than 40 wt.% C,* hydrocarbons.

1 32. The method of claim 31, wherein the olefin product stream from the

2 first reaction zone comprises less than 30 wt.% C4* hydrocarbons.

1 33. The method of any one of claims 24 to 32, wherein the catalyst
2 introduced into the second reaction zone has a coke content of less than 5
3 wt.%. -



5 second reaction zone has a coke content of less than 2 wt.% 1 35. The
nmet hod of claim 34, wherein the catal yst introduced into the 2 second
reactio s a coke content of less than 1.0 wt.% 1 t hod of
any onen‘gé%%%‘{a?rs 24 to 35, further conprising 2 separ atll)ﬁgmf?igﬁtzﬁgl efin
fromthe final product. 1 37. Alight eblefin product nmade according to the
met hod of claim36. 1 38. The nethod of claim36, further conprising
contacting at least a 2 portion of the light olefin product with a

bol Yol of ih. g0, 1A Ao LR Can, WfeRL e BaH EOHYER] fup e @

second reaction zone has a coke content of less than 2 wt.%.

1 35. The method of claim 34, wherein the catalyst introduced into the

39

second reaction zone has a coke content of less than 1.0 wt.%.

1 36. The method of any one of claims 24 to 35, further comprising

2 separating light olefin from the final product.
1 37. Alight olefin product made according to the method of claim 36.

1 38. The method of claim 36, further comprising contacting at least a
2 portion of the light olefin product with a polyolefin-forming catalyst under

3 conditions effective to form a polyolefin.

1 39. A polyolefin made by the process of claim 38.




