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of competitive petroleum feeds, the opportunities to produce low cost light

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, dlmethyl ether, methyl ethyl ether, diethyl ether,

20 dlmethyl carbonate and methyl formate. Many of these oxygenates may
be produced by fermentation, or from synthesis gas derived from natural
gas, petroleum liquids, carbonaceous materials, 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), C4" 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



During the conversion of oxygenates to |light ol efins, carbonaceous
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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 fo 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.



selectivity of the process to the light olefin products. While contacting
the 30 feedstock with a partially regenerated catal yst may impg@yﬁméhe
selectivity of the process to the light ol efin products, it" dé€s t hi ng
to control production of by-products;SQB SEP 2004 -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 invention
solves the current needs in the art by providing a nethod for increasing
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15  either separately or in combination with the by-products. As one well
skilled in the art will appreciate, it is preferred that as much as possible 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 C4" 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
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15 Another aspect of the present invention is directed to a method for
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
cataI;/st 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
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15 regenerated catalyst; and contacting the at least partially regenerated
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,
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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 C4"
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 C4"
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



olefins. After contacting, the sane catalyst is used to contact an
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condi ti ons @iy @Rt bryaniorptaiicsetisshihedeed Abe ptad chagge et feecsfask
enper ?E o ?c’) the reaction zone may contain additional compounds, such as diluents.
In the present invention, an oxygenate feed is contacted in a first
reaction zone of a reactor with a molecular sieve catalyst at process
conditionis effective to produce light dlefins,i.€.,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 presentin the feed might undergo. Such conditions are further

discussed below.



pressure, WHSV and, optionally, an effective amount of diluent, correl ated
20 to produce light olefins. The light ol efin-containing pro §gg@mprally
cont ai ns undesi rabl e by-products such as heavi er ol efins, whicnh’dar
typically renoved before further processing. In this invention, however,

t he heavier ol efins need not be renoved-fromthe |ight ol efin-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

lecul ar si talyst. In this_additiopal ' , er ol efi
Al 56 cont ai ned 1USHaN, FieABENAIS By SPEI b AN GNE SoFDtnTies The '
appropri at @xﬁggﬁ{n‘e'soé? 'in %ﬂ%gl%ggpggé. AgHiABalR porYss hes) belatriow! y

quickly t olefins c to any farther reactions in which the

i ght ol ef iga$irB8 lieuicubnalnixedvepeniquic phibee f ¥éwemihghprogagigearmistch
conditions are further discussed below Q3 SEP 2004 8 t he
oxygenat e foséin pdiqeishphesear aimixed H@P@Q"ﬂ%@?ﬁaﬁeﬁﬁ?%“Lé@ﬁ%ﬁ"a %s are in a
vapor phase. Al t.err [oTe]: Vi i d ubbnéhéiquid or a
i ed vapornd SHIFHVHELY ebREIRIAE TEo0 T naF (RN dRndM LPOR e | i
phase or a (98t yapasddtionwondpionse, different conversions 5 and

selectivities of feedstock-to-product may result dependin pon the
catal yst and redbta mactemeRarabng at ?tﬁ’agyr%%t@t%ra %‘?J@Fg F‘ﬂé Sg?t'ésteady state or

a sem - st eacg%.ldﬁ%ﬁs? 2 FgRgeld, argéugﬁrhé{a%{at?& cBiat Fizetiby, deact i vat ed

catal yst fr I'vated cata racti'on and a partially or
ful Iy regenfiatiogiepéatbyst fractidm acd Borartialty orfully segsngptaseeatalyst t he first

and second reaction zones. In order to forma r51)(}(3ﬁ§ir d Al %I y§h m xture, at
HronAEs

| east aoporfracsioncarertypicaliv araserhieinedyeLpld 6¢9 feaction zone

|5 desir ab{%d%ﬁ%g?/o?%c%%irégg%géslﬁt%i&ﬁﬂé,”§1r BLSf 2 pbitidifet tnegener at or

car bonaceo s are renoved fromthe catalyst.
Desi rably, ddmtivatel yatalyjiss frbm thedeseresobidn zonaay desinakly semgvef@ndl of coke

O g hopenerior b eton SRRl BAL bR, 20 o
regenerat eddec[%sqﬂsyaﬁ{a Ahidvedavsinan& ekmilyst. Desirably, the catalyst is

15 regenerated to have an average level of coke effective for selectively
converting C4” olefins to ethylene and/or propylene. Desirably, the catalyst
will be regenerated such that the regenerated catalyst will have a coke
content of less than5 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



content of less than 5 wt.% desirably less than 2 wt.%

desirably less than 1.0 wt.% 20 Desi%lably, a portion 0(1Z ?Eg éeriggimﬂéted
catalyst remains in the reactor, and a portion of catalyst is renoved from
the reactor for regeneration and recigculation back to the reactor
Desirably catalyst renoval is at a rate of from0.1 tinmes to 10 tines

nore desirably from0.2 times to 5 tinmes, and npbst desirably fromO 31to 3
times the total feed rate 25 of oxygenates to the reactor. It has been

found in theganerast incligestd i [ &3
: g incligeRtd omatysatephmtors desiratay rgurality PhEyson
or partially regenerated catalyst in selectively converting %4+ ener at ed,
?ggggﬁzglbode s![aplcawﬁ@ef@eb@%%%rfr@'@éhﬁlqatq"b’%fht olefin selectivity with
e catal yst activit [ f i [
30 tenperature i ggageﬁ'opﬂéc?@{aégt(g‘?tq%{Hg‘%ﬁb%fé@?ggt%o%%%ggg?gg hreeaCt o

regener ati Qi @G &hEF Bxidantsh EExahplepsif ot siatoincheds Ubetsan
750C and desirably from 300C to 700% Desi%gﬂlngtf1 t C “ygttsa ilérrmg _ZgOC to
r egener at ornécesisadbslinitedtalsirglets@pPatesrs. N&aiNQbF@%ﬁiﬁ?r arfty of

cyclones, LR SeRANR S e gReFR LM NRIEANahiBhenBATDRCT e | ¢

carried out conprising i
_ _ ygen or ot her oxidants.
E?ﬁgpg?sogfd%‘%g%s'@@n@@@ %@gégﬁodgesi%tg%ath{e od)@gen&oneeetrstitbm irythe mi ted to,
. . ! ! T, ! ! ! ’ an . t . .
glelsyt egl Wi tr{er?sheaamr is techiged tamarastroliedde gl do ﬁ@é‘i‘igé%s"retéﬁé"fr\tﬁg;?ﬁ @Iﬁr ggggsal r
I rably, e .oxygen,congcentrat | | : OfH -
control |l ed q:’@@@P“tog tﬁPPrfsz'@ té@épﬁgta@?%%&g'rv agﬁg%}@r e?it rrgﬁﬁo%&ﬁgtéggpg? sai n

the spepy Oéatgg%?frﬁ' z%yaél%@ teAtelevetated heddethety with égdtag
) ! eratcarhen
regenerat ed reductively w th hydrogen, car boyn monoxi de 'Ztﬁrégyo?l so be
?

hydr ogen anchopaxisten mishues @& hy@iogensid eaTbPRRN@NOXIEe £ HEeL 54 and
: _ _ gases.
Dependi ng. og{_3 t he O%\Q‘?efir‘%%%‘fggﬁéf DSQN&\F}Q'O(?ﬂh%eCﬂﬁél‘ SRyqiAgeters and the

f eedst ock oxraati re [
: generation and a reductive
regener at i Opy @St RERlON PararhBtdBe otdhe ieedidack i comBinAticN §fAn i s

regenerated, especially
oxidative regeneration and a reductive regeneration can be employed.

15 Before the deactivated catalyst is 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. |f the

20  organics are not removed, they will provide at most fuel vaiue. 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 optionaily stripped, the catalyst is
exposed to the product stream from the first reaction zone. This contact
3¢ 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 C4* hydrocarbons along with the



oxi datively regenerated, at |east sone of the volatile organics are
desirably “stripped fromthe catalyst in a stripper or strigpi g dhanber,
usi ng steam nitrogen, or-nethane , anong others. Stripping the catalyst

- may inprove the process econonics, process operation and/ or em ssion
control. If the 20 organics are not renbved, they will provide at nost
fuel value. Wth renoval, the recovered organics nmay have a hi gher val ue as
chem cals, not as fuels. In addition, the anmount of organics renoved

during regepeLipil FGdudtE I TRE AL Brs aveebupgdhatldvriatterps to
better heat @gn%ﬁ%%gﬁgﬂ{d%g{] r(lgﬂnl'lthe catlal ystrregenerator and on the

catal yst, 25thiastrean with jreshen regemeratia tatelystgelastivaly eanyeth® €5 used.
Less carbon oxides are generated in an oxidativ ener atd on because
there are Il’été@m@la&éqﬂsc'@qh% PrAusE s EEM/ W&@%@@QE%\?BB? Eb%n@ggﬂg
regener at ed, ' ' d | sretcdnerted RO TRt dlefihdre
product st re@%@%%ﬁﬂflggﬁ%cﬁﬁﬁ ?J(]aé;g?i gﬁ@?ﬁﬁﬁ@hﬁ% Ccon'tteact 38 W t.r: t he
product sfregmResty the Iiyht biefisempbsiters alosadopreseht intbersé@erdpeinghe

product streamthat flows into the second reaction zone will typically
contain a sityntardaactegdpic \witesirable Byréar bons along with the 0 3P 2Q04 -

10 desirable |igh e%%r%ﬁi%h?[&)??@%&t%tregﬁ‘?tHd?‘é‘?\'f@l%rtﬁe Raxend peddlion@ine

contacting this stream Ssh or regenerated catal yst selectively
converts t hewfiidompyige @t 066 wirtotlight prediduce., st cambinatiomeliethyieng | i ght

l efins. Thi t hat i gni ficant ti CA+ hydr

goﬁvlaptsed t:;gngeg}?iggﬂﬁeﬁf@ggggl{atg%ﬂéaﬁ%ﬁf%l%gﬁaﬁ@?%l%ﬁen ecsrr%ggfs%?inzngr e
I d t . ) bai - , |

al r eady Eﬂi -95%%83}:596%/1}5;%“&%(1%%8. GI% Ro%ish YekhgblenRacirbropbé stretenhaebl e

by- produ product streamthat enters the second reaction
zone will craerthas 5wt east bAiratatkonsgtiesicatdy iess(thae 40 wit.%oebi nat i on of

desi rabl y at yBracaHeen o 0Male. dRIEBNT Ioap drena0 L oe ) b0 BRtHeBraY ot the
Chan-ab o SRR 20 23 Kl RBcsioosislidrnds bante gmbenly L oo e
nost desi r abkeahressnibbaime2@italystinGhe segdndcaadipmszone WitkowriEr r ed t hat
the pr Odlfsct separation of the light olefin components. However, at least a portion 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 C4"
20 hydrocarbon concentration of at least 25 wt.% C;" hydrocarbons, desirably
at least 30 wt.% C4* hydrocarbons, more desirably at least 40 wt.% Cs*
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
»5  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



stream contact the catalyst in the second reaction zone w thout prior 15
separation of the light olefin conponents. However, at IeastDa} r\-@g qu on of,
or substantially all of, the light olefin compounds can be separtat é i f
desired. In such a case when prior separation of at |east a portion of the
i ght ol efin conmpounds is included; i t-i5-desirable-to obtain a stream for
contacting catalyst in the second reaction zone which has a ¢4+ 20

hydr ocar bon concentration of at |east 25 w.% C4+ hydrocar bons, desirably

at |east 30 %g{%wcéﬁ a%ﬂé@f?{%lﬁﬁo(;ﬁw&teﬂvéﬁeg§ |4l Wil H8aRibl¢ bsswhafio CA+

hydr ocar bons, nmost east 50 wt. % C4+ hydrocarbons. The
second react BomiZanat Baiefeerddtat gk ansiade akeaontemtdre invibeoaoge wéssel
along with the first reaction zone, or the second reaction 25 zone and the
first reactibatwesre2@ad ¥ewldeated in separate reactor vessels wthin the

same reactor. Desi r%?me Fr%%@?g)r%krﬁ%t&eﬁgﬁ,gpéyCoﬁﬁ%té@g@qg; reaction

zone i s adj acent on zone. Fresh catal yst can also be

m xed with thgdfcﬁﬁ%@’fsamecﬁe%%t@hwéa@tmmmieﬂelde catetystéu thelseeend i on zone
can also contain a portion of catalyst that 30 has been tra sfertr etd to the
second react reactioorzong istyenderirabiy nassat e the fiehreddion 7te IS PSn zone.

egener al or | AN serPhPERER FroR daliapt SR NTopiRRARE, |

aver age cokesgeHibeRaliceindiens chtiyst4fbmithdsedssd rexdutipnzse ishaput 8@ wt. % |t
is preferred that the average coke content be in the range of. between 2
and 30 wt . % firdttend ohtbeflirsigieastion sganangditbe oxyoandtserddsS A NP the <4 s

hydr ocarbons in the second.r ' , cat ' econd
react i on 19on&eFANY ﬁ’@ﬁ ngfg? FBSS?%JB%S%S%%OHEC%EWE?T %!tmgae%%lﬁ {%égﬁg’ine to
contact the r@?é!rﬁ@'é?écﬁcétbry%@ﬁhn Beshpabloythetfinstsreaotivrazonec dinesfrésh or

counter-curren fashi on such that the catal %iSt fror{bt Re second reﬁ tion
zone i s i nputegeneratéd ealalyshganbetinput arany pekaions WEALSHEaclRR 28 %‘genate

feed is input,i nrtaEDJye} f&aggzoﬁgggggg%geffacfaygstfié Laled FR0Hd it FOa&ionl Zorkesi red,

additional f a can be input to the first
reaction zonet tAbeafieesid 85 the egpy@iatbaticaat.al yst can be input at any point

along helsf Tt reE%‘e(azst,iIraobrlly,ztﬁgerégeneratt—:fd catalyst is returned to contact the
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 ceoled
—.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 C4" 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 heneficial
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



Desirably, fresh or regenerated catalyst is added to th [ [
zone at the sanme end as the oxygenatg stream 15 Desir:br;ffifeﬁﬁftlon
regenerated catalyst is returned to contact the product stream from t he
first reaction zone while the catalyst j,s hot. By "hot" it is meant that
at | east the catalyst fromthe regenerator is not cooled -..substantially
bel ow the tenperature-of--the catalyst. already in the first reaction zohe
prior to being contacted. For exanple, catalyst being 20 returned fromthe

regener at or yididoftaVsnhdvd, SRREEALHE ¢isef rdgiemagHEstoond Berttiogmonskin | ed |
the art will appreciate that a 'sl i ght ar%unt of cooling  may take pl ggel gs
the cat al ystthissprefemsd embedimeotrtheeegangeaied & dreshg-atalyst ?@ﬁ@? &Pt ot

catal yst can b d, b he r ' [ i L
cont act i ng. RVETE darpeHEDeats SRy PR R R ieod Tk 55 Ve
products of Jdg, 1508 Rikeen bbed: ARdoblahepurerarenatiseeregion ahd theed | to

facilitate conversion of the C4 hydrocarbons. One skill ' |
. ) dr | . ed iin th
appr eci atse tdwtset thed rexjeme Genetallyaitds gesirablptheidthesatalyshis 'Woﬁvgne\é\ﬁ '

feed but will not contact enough of th f ee: i ci
reers o cahaer A e PSSR SlCHR S Py BB L RELSADY L o
i rst rea&ﬁﬁ}fﬁiguhrﬁ‘ﬁmhe%s'emg%-i s desirably conducted in a fluidized

bed reactor as a riser region as the first reacti
\ : ‘ _ 5 caction z
dense bed region ‘Dhé%n?,eErd@l@n(s;ﬂ)secuonmfthpo'@aﬁ%%wh&ﬂbw,C%?ﬁ’gft 2Pd ?he

riser regi th ond [ ' [
{her egener s st aras byodal TBreahr b BB IRt L
region; Jmedlald i,gbpfat ﬁ%ngp%t@wamany@gb@m (his spevsfdiosy legimeen about

the top one fourt I ser region and the 5 dense b '
fourt _ . : _ n; ed region.
General |y, iit dchislesi pyabpprapniate s¢lectien af feactipy qwﬁﬁpnsbm@‘?ﬁ-about t he

e ot ol e bEEubEE BT BHpAABafRl g2 podabet 1 of e
catalyst goé%rﬁtg.st{?%%!égﬁin'Mtﬁ@y@véhatﬁiegﬁs Wt kneact torthase skillgdvwd t h t he )
flow reginme t?\e art. De's?rébly, (taheoi(iggrergg}o% ig%%%rz?tgg i?\ r}::yfa%{ hbli%rggd re-gi]r'n% aryPe of
15 pneumatic 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 rot 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



I's achi eved by appropriate selection of reaction conditions, including,
anong ot hers, gas superficial velocity, catalyst particle ﬁhlﬁ?@ cat al yst
density. Manipul ation of these variables is well known to those skilled in
the art. Desirably, the riser region is operated in a fast fluid bed regine
or 15 pneumatic conveying regi ne, and, m8re desirably, in a fast fluid bed
regi me. The dense bed region is a section of the reactor in which the
catalyst "solid s do not substantially nove axially through the reactor

with the reactant es, ,but rather.mx r PeATNc ron. This
fl ow 2a regi rf@ap?rajm?‘é‘%gi‘ 6&6%{% Pt Q(rée ggﬁé;c r?’tg‘#% wrﬁclaégﬁrie%f\&gondi tions,
| ncl udi ng, arpag AhBEGA 063 ing YRS Ehowhlasi@rellitg vt @lagtdr tinearilse si ze
and catal yst dénsity: l\/%nl pul ation of these variables is well known to

those skil | ashtiom! feedardan bépsividd to reaitordénatesasiyisrrajitsralP8g 6pafiat ed in a
bubbl e- free reginme, bubbli regi nme | uggi ng,..0 raul lq@ di zati on
regi mes. 25 I\Aﬂ-eTHQQF?’%‘Hth?P?%Ffer%é:ﬁ%@@@Efg’%é@‘%cﬁ#’vé%o%ér%%gg{riw a bubbl i ng,
sl uggi ng qr . l%lrwa{?%ews‘.‘ Al a2t O Eﬁt@y@%tﬁﬂﬁinwstrenﬂﬁée;lat?ebj/s't,frdm a
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tur bul ent ion reginme. A react 10 useful for conducti ng t he
process of thpemeesedtreatiivrendn@nbits the bret réactionezaregid e A fiow cOBHBY or 10

includes a first reaction 30 zone, 14 d .a secaond ctli The
first reacti odeveme2ia Pﬁajt'ﬁﬂﬁé onthg C@E@Bﬁdeﬁgﬁgpﬁﬁ @o%%ﬁﬁ%%gﬁﬁog‘ﬁjef second
reacti on zone | | I if; above the first reaction zone 14.
Feed is provi%%tg]ftsgtrﬂﬁgbﬁgm%ﬁﬁ%%ﬁ hﬁ@?‘g' reactor 10 through a feed |ine
12. One skilled i nwiftecantinund tefermcedo abe figuieacatalysttis tigmsiesegd 19 %e 12 is
shown as connecting with reactor 10 .neat ids _bott f rovi ded
to react of0 10‘3@999&?46@@”6&%Fén%tfflaBH@e %aétappegagpa%set fgbﬁﬁéﬁégltg ;Srﬁf(;bfeP t he

reactor 10 arg,  Smxelrieiqid faonBARbPLs Hrotighfl mighon BfiventffomAbe] east
one catalyst feturn T'ine 20 returns catalyst from the second r%g@tion zone

16 to the firstrippenistisonovesniaraugh A link 3R. odline G0 redepis@talyst Komdaet i oned
on the catalyst return Iinei 20 t c?gtrol the flow of catal yst through
catal yst ret urgganefatop@s to the reactor 10.

The processes of the present invention can be conducted in the
1s reactor 10. As shown in the Figure, an oxygenate feed is fed to a reactor
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
—~00% conversion and most desirably >89% 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. In the second reaction zone 16, the heavy olefins are preferentially
converted to other products relative to the rate of conversion of the light
15 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 >90% conversion
and most desirably >99% conversion to products comprising light olefins
30 and heévy olefins as well as smali 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



Wth continuing reference to the figure, catalyst is transfﬁrzrrfgd @? a 10
stripper 24 through a transfer line 26. Stripped catal yst f om-f hetst ri pper
24 is transferred to a regenerator 28 through a line 29. Effluent fromthe
stripper is renoved through a line 32. Ayl.ine 30 returns catalyst fromthe
regenerator 28 to the reactor 10. The processes of the present invention
can be conducted in the 15 reactor 10. As shown in the Figure, an oxygenate
feed is fed to a reactor 10 through a feed line 12. The feed is reacted
with a catal ystintdlight lefis aheaattopaceons deposithbr e gaiadst AoVt >80%
conversion, nore desirably -->90% conver si OB atln nost _desi égl%lgt >
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wel | as small anpunts of1 20 ot her products. The first reaction zone 14
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operates as a dense bed region. In the second reagtion zone qlg?i’émt he heavy
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y ~carryrng-out a second reaction, the
amount of heayy.Qhebling thr 8s@0ht bicdtarst pr wfost staciemzonn Tdearbileet ed
relative to the depletion of the |ight olefins '
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15 zone 16, having a controlled size, can be established after the first

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) controliing 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 well known to persons of ordinary skill in the art, the



by controlling the anbunt of catalyst in the first reaction zone 14 and the
second reaction zone 16. In turn, the anount of catal yst ir[y?jtuh@szgmzones

can be controlled by one or nore of the follow ng nethods: (1) controlling
to the rate of recirculation of catalyst in the first reaction zone 14,
through the use of a flow control devidé~ such as, for exanple, flow
control device 22; (2) controlling the rate of transport gas flow, and/or
(3) controlling the dinmension of the catalyst return line(s) 20. Using
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15 Desirably, the temperature of the second reaction zone 16 is higher
than the 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 ieast 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



controlling the height of the dense bed region in the second reaction zone
16; (3) controlling the rate of flow of a transport gas flowing ;%rough t he
dense bed region in the second reaction zone 16; (4) contro Pﬂhaiﬁhe rate
of recirculation of a portion of a catgkyst fromthe top of the riser
region to the io bottomof the riser region in the first reaction zone 14;
(5) adjusting the tenperature of the catalyst in the second reaction zone
16; (6) controlling the shape of the dense fluid bed section of the second
reaction zonehipe, thanekl6dy sfomtamierigag df eflidizadtbest indegondvaaeiprrat al yst
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hi gher. 20 Second reaction zone 16 desirably has a dianmeter greater than
that of #irshapedsecondseaetiorzorghil®. greater dianeter causes the velocity
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. . 4. More
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turn, causes renetosaddkalRg9deasidy of the

15 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.



catalyst in the second reaction zone 16 to increase in the inverted frustum
5 shaped second reaction zone 16. An especially useful optiidfallinode of
operation conprises recirculating catalyst fromthe second reaction zone
16 through line 26 to the catalyst stripper 24, in which volatile organic
materials are stripped off of the catalyst, and then to the catal yst
regenerator 28 to return a partially io or fully regenerated catal yst
stream through the line 30 to second reaction zone 16 of the reactor 10.
The vol ati | e or ganight mifers fats, altieougmmatettcebsanitytin @PHmMUpEEROWLS 3 ough

the line 32. Optionally, a catal yst cooler or . heater (not sh ) could be
pl aced bet vveerwlﬂﬁg’éﬁ@e&ﬁ@Fe%’rﬁ%gos%”gr%%@@épmiﬁgéf)oﬂ t%?ﬁé"‘%@ 15
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15 desirable to match the catalyst regeneration cycle and the conversion
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 catalystmay 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, dimethyi 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 WHSV is calculated on the weight basis of



a w de range of pressures including, but not limted to, aut ig?ep[ePO@@ﬂ
pressures and pressures in the range of from0.1 kPa to 5 MPa.- A'ldesired
pressure in both the first and second reaction zones is fromb5 kPa to 1 5
MPa and nost desirably from 20 kPa to 509-kPa. The foregoing pressures do
not include that of a diluent, if any, and refer to the partial pressure
of the feedstock as it relates to oxygenate conpounds and/or m xtures

t hereof. Pressures outside of the stated ranges may be used ﬁnd are not
excl uded fr ooxydenates jrethsf feeretockasst thermolesuliar sig spipert 9fdheext renes of
pressure may adyersely affect selectivity, conversion, coking rate, and/or
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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



oxygenates in the feedstock and the nol ecul ar sieve content of the
catalyst. In this invention, it is useful to define WHSV in tihe’[Selitind
reaction zone as the meight of products entering the second reaction zone
divided 5 by the weight of the catal ystjgcontained in the second reaction
zone. A separate first WHSV can be defined in ternms of the rate of feed
divided by the weight of catalyst present in the first reaction zone. The
val ues of useful WHSV's used in the second reaction zone wi ||l be dependent
upon the preresExampiis inolsepbabanet nottresessarilylimjtegrtor ﬂ@l“éﬁﬂ%@?@torpr esent
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15 Catalysts 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.



0? EP 2UD- - 19 art. Exanples include, but are not necessarily linmted
to, adjusting one or nore of the follow ng: the reaction yengerajure
pressure, flowrate (i.e., space velocity); level and degrééLoF cataiyst
regeneration; amount of catalyst re-cijgulation; the specific reactor
configuration; the feed 5 conposition; and other paraneters which affect
the conversion. Fixed beds may also be used to practice the process of the
present invention, but are | ess desirable because an oxygenate-to-olefin
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15 particularly acid sites, and increased acidity. Controlling the quantity and
location of silicon atoms and other elements incorporated into an AlPO,
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

2s  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 inciude
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

2§ 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 desirably 10% to 80%, by weight of catalyst, and



30 synthesis of SAPGCs or MeAPSGs using many net hods. The nethods i ncl ude,
but are not necessarily limted to ion-exchange, incipient %ggqﬁ@ dry

m xi ng, wet m xing, nechanical m xing, and conbi nati ons t hBfesf (B 3 o FP
- 2004 -21 Desired MeAPSGs are small pore,MeAPSGs having pore size smaller

t han about 5 Angstrons. Small pore MeAPSGs include, but are not
necessarily limted to N SAPO 34 , CoSAPO 34, N SAPO 17, CoSAPO- 17, and

m xtures thereof. 5 Al um nophosphates (ALPGCs) wth substituents, also

known as " MpABR¥ount f 4 % m009%, ngireufesirbblyobBdol 30% sinelvetdl mheg may be
suitable for use in the present invention, wth desired MeAPCs being small
pore MeAPCsdegrattyd O¥star 89 %onhk WRIOMEAPTRt X B aleh inthe art. Suitable

subst i tuents | ncl yflg o Dulrof6 AELIAEGRRRRRHE biMdA Sdtigleghel , cobalt, to

manganese, zinc, gnesium” barium and cal cium The

subst i t uent scompribidig the Vapslystid shatrbngaterid hissionvehtioha avEnel .
Alternately, the $ugstituents may be i ncorporated gfter synt hesi s of ALPGs
or MeAPOs uskmewnémiherert meds theralorads il g scyssedd detall NG not  necessarily
limted to ion-exc¢han i,nCi pi,.ent t X I4NG: X1 ng,
mechani cal m xi ng?ngrﬁgﬁ%ﬂﬂﬁ\ﬁ%@ n"é’mﬁ?ﬁ%o r. Lgﬂ%éggg)gpglglﬂ\tﬁ%éy&&%x

i ncor por at ediHaoRoRirfPbxamslesp@sidh idistratesbutdreynotiotendeddotlintt te, i n whi ch
the catalyst is present in an anount effective to pronote the- desired
conver si on rpegsenbmventiensol i d particles may include a catalytically

effective angmﬂ;t‘fe catalyst and matrix material, 20 desirably at |east
one of a fil al and a binder material, to provide a desired

property;Qr propept(.ess esampledsfSARO-Batataydt thiat hevd previousiy deeoal
strength and the like, to_ the solid conposition. ggwgh rrﬁ}térix rraterilals are
often to sonealeieshin aibalsR0 CrfordBIra NEsoRlRERD REINEST RO AYRLE Y ve

catal ytic aCH%ﬁﬁQ%%@%téﬁr afr{}reﬂétﬁh{g?gu%. tndasbeeshPHeduRsetend may

25 or may no ective 10 o esired chem cal conversion. Such
matrix, e.g.intdidnl @ecwiedlpheded, zomet whichlveas dicectiielinkest toexgBpl e, synthetic

Zpﬁm- Egtst” Al Ic; roorggt%rgrrziagr?fosl'ljc;?ws-ﬁnaenggglysgs? E)fa Ejro%icgs?SThglp%’s?SurEiiMiﬁgsbf

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 {m!) gas
samples of ethylene {(C3™)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 |. 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 (Cs ) 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 |. Coke yield

30 was not determined.
EXAMPLE 3



silica-alumnas, silica-magnesias, silica-zirconias, silica-thori as,
silica- berylias, silica-titanias, silica-alumna-thorias, (&ifp 2t

al um nazirconias, and 30 m xtures of these. The solid particles desirably
conprise 1 %to 99% nore desirably _5%to 90% and still nore desirably 10%
to 80% by weight of catalyst; and O 3 ; EP 2004 - 22 an anmount of 1%to
99% nore desirably 5% to 90% and still nore desirably 10%to 80% by

wei ght of matrix nmaterial. The preparation of solid conpositions, e.g.,

sol i d particl esThequopedwerdeschibed at EXMPBAM was repeatetienicapt thad
conventional and well 5 known in the art and, therefore ?igﬁ%%gt di scussed

in detail Aeesniliites (gheaansamplesnel bRuitng (The-Geek Ware upeR with

reference t I ] i i r fie,snot

I nt ended tERT}ibr‘fﬂ%"%ﬁeéO%\ng%%ﬁp‘%gﬁé\/aﬁ?l?%.&Eﬁm&ffﬁ’nA@/&%&%& sanpl e of
SAPO- 34 catrd yéfectdtbgad pHass Byd@ieatorbpetiuceadibienashri butene- afegsb0C for 16
hours was pl aced between two quartz wool {3| ugs in a 4 mmdianeter quartz

react ors t ubed other butbaevsgmerserS¢lasiyitiesito thet proddcls| fdbterediarg heat ed zone

whi ch was djrectly |inke 0.a,gas _chro h for on-line anal yses of
product s. %WBr"aﬁ'?l?’eehiﬂgﬁﬁg'eﬁwaﬁth@érﬁé?@r tube was naintained at
16.5 psig pxasapPng £ back-pressure regulator. The tenperature was

mai nt ai ned”at 450 2C. Heliumwas wused as a carrier gas at a flow rate of
60 m /min. One el procedure(descrigad in EXANBLEot wasHepealed-except hate i nj ect ed

successively at. 3Q. m nute intervals aly J ducts in the
ef fl uent V\Bﬁ’é raxichgg?reGHJ[ Ibquéd S%Wpgeﬁsoﬁﬂ'ﬁjgﬂéﬁmgeg@g{ﬂ)#scf%g %Qﬁe@%rg anal yses.
The et hy! epged ONME peh@havzonodision e dalyisteltyeqibitngtihgdrorda0®al | of the
detect ed gas phase hydrocarbon products other than et h%élaene feed itself.

Sel ecti vi t ebof the datected gasehesehydrncerkean pedicihetieritharipienet] coke yiel d
was not deter

repeated e grqtﬁ %(Ij‘rfer ccla‘rlr:‘\p%u%c?s.-rg%le%wﬁgg% ﬂ\éjﬁl%:c{dcl?segf InferB$AVPLE 1 was
are shown in Table ). 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;7) 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 . 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("/_’o) _ Relative
(%) Co Ca Cs | G |Rxn
Rate*
1 Co 2.2 NA |553 |14.7 6.6 1




one mlliliter (mM) gas sanples of propylene (C3-) were used as feed. The
propyl ene conversion was cal cul ated by subtracting from 100% P Bf the
det ect ed gas phase hydrocarbon products other than propylene feed itself.

-Selectivities to the products of intergst are shown in Table |I. Coke yield
30 was not determned. EXAMPLE 3 0 3 SEP 2004 -23 The procedure described
i n EXAMPLE 1 was repeated except that one mlliliter (mM) gas sanples of
1-butene (1-n-C4=) were used as feed. The butene-1 conversion S
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converting ethylene. Accordingly, longer chain olefins are preferentially
converted to shorter chain olefins when contacting a non-zeolitic molecular

sieve catalyst such as SAP0-34. When a regenerated catalyst is sent

10

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 selectivitie_.s 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
in the 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

25



25 gas phase hydrocarbon products other than butene-1 feed itself and ot her
butene isonmers. Selectivities to the products of interest arg:;shewy in
Table I. Coke selectivity was not determned in this exanple.“Tgbfe

Exanpl eFeedConver si onSel ectivity (% Rel aive (9% C2C3- C4" Cs- +Rxn Rat e*
1C2-2.2N. A.55.314.76.61 OEP 1 0 0 4 -24 2C3=22.815. 3N. A 56. 611. 812 31-n-
C4~31. 59. 866. ON. A. 13. 817 41-n-C5 13.311.445.241. 1IN. A 6

51-n- C7-52. 61. 447.051. ON. A. 33 1-n- C4= 6@00 45.715.866.3N. A 15.527 C *

The reacti ongeakes, ose melhodsateslvéasathoting fat fedst arpletion eatte bghtr at es and
wei ght hourly e'slfpace velocities (VWHSV) were estimated. The rates are
expressed as Olefimpraguct Wit pelyeiRENSPRYINGratalystal RSHUES @i ch is set as

1, in order RY t [ nt 5 inaccuracies. The
results in Tté'gﬁngle}étgﬂ%gvﬁéﬂia{’t&gtfﬁ%etﬁ% pl\l)\g%y%ﬁ i \%Jﬁgeunr eactive under

typi cal oxygenat e & prafefred pohadefth-fdraming citadystéd atrmetalioesrsd catalysat es  of
converting C3 ~to C7- were at least six tines faster than the rate of

converting etlig prederred tempenagure, rangegeoperation sl katvaen HOCH 24€Ht i al | y
ol ool ar  sideddnEgeaRya Saner e e SR Al AuBoRdbedfRbaSL 1
I b R e e s et
heavi er ol ef iimsolution, an inert diluent can be used, and the preferred operating
pressure range is between 10 bars and 150 bars, with a preferred
10 temperature range of between 120°C and 230°C. For gas phase
processes, it is preferred that the temperature generally be within a range
of 60°C to 160°C, and that the operating pressure be between 5 bars and
50 bars.
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,
—Tethylene dichloride and vinylchloride, ethylbenzerie, ethylene ‘oxide,
cumene, isopropy! alcohol, acrolein, allyl chioride, 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 skilied in

the art will appreciate, the conversion of the oxygenate feedstock to light



to ethyl ene and/or propylene. This nethod, in effect, increaﬁﬁingﬁﬁ over al
15 yield or selectivity of the desired |light olefins and red sEf A8 anount
of heavier olefins. Exanple 6 shows a nmuch higher, reaction rate of
-converting butenes to light olefins byjsgontacting with an oxygenate
conversion catalyst at a higher tenperature w thout adversely affecting
the selectivities to ethylene 20 and propylene. One skilled in the art
will also appreciate that the ol efins produced by the oxygenate-to-olefin
conver si on r e&ftisda aof excikepnalseactiomviBnrétominsathe btigast padidllyed to form

| yol ef i ns, i cul arl I d I . .P f
Pormng. por yerareratad tatbbRElq futtirElg SiirosBela st AP e erucp SFgeRes '
processes ar ehn|dHcr rcggin t?ﬁp?ddi}&%f bheRfcﬁ‘Tv%Fesrei&‘i’ {@é&ion@%érﬂféﬁ%@’ to

Ziegler/Natta and acid catalytic systens. See, for exanple, U S. Patent
Nos. 3, 258, 45Bprt8r 80ain3igh! okfidgtododts. I hedrvedsiod ob fite B8ger chadiTby-698;

3, 645,992; 4,302, H65; 4,243,691, th t al yst 0.3 EP 201
e qenerdl . Prorgisds TsRBder ¢ FRIGIGRT W Rt I on B20 ST (38108 ¢ he
[ gt~ ol ef | rgrasiuersibh o b BRLYGUESE b 056 A1 P ahNES RnsAniéaisatr e and

tenperature e e to.form”the polyo In pro . A preferred

pol yol ef i n-f produagdchy teysdniessian métizd beypgmate deed \tbus, rediicngothef er r ed

t enperature ran%ﬁ of oq;%eration. is bettwe n. 50C a 240&1 and,the reaction
can be carri 84eGUNeAt qf SGACHRIWN AT ?fi@ﬁ'r\@r%ge 3éz_,8do i?@'caéW%%ﬁs@_nwithi n
the range of P?oé?égs.t@y LM hdiatPySCRIRE TeSelor | £HaiNst dodl&rGhyy i on, an

inert diluent can be used, ‘and the préferred operating pressure range is
bet ween 10 bbe=liamidatesiirorartbe appahatas misetldo peadudeothecthesirad aleéns angal of

bet 120C 30C, F h it ef d-that th
emmer at ur o5t B GBS e S BE rell R Bncs ghiis 2Bl ks Thee.
operating prpspeaRINEe iPESWREM thdrstd Bl theleritistRerrhie cifllierdion df the

pol yol efins, nunerous other olefin derivatives nmay be 15 forned fromthe
ol efi ns pr odiger whairC p Coc Es angflonger) predisisrinta elylenespropylene and

coke.

(.

15 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.



or olefins recovered therefrom These include, but are not limted to,

al dehydes, al cohols, acetic acid, linear alpha ol efins, vinyl3acele,

'Et hyl ene di c- Hori d+r ancl -viiiyfichloride,-ethylbeh-te-i a

et hyl ene' oxi de, cunene, isopropyl alcohol, acrolein, allyl chloride,
propyl ene oxide, acrylic 20 acid, ethybhene-propylene rubbers, and
acrylonitrile, and triners and dinmers of ethylene, propylene or
butylenes.“dhe.Ezthogs_of manuf acturing these derivatives are well known
in the art; %re are not discussed here. As stated above, the
preferred oxygenate for use in the nmethods of the present invention is
nmet hanol . Each of the nethods of the present 25 invention may al so include
the step of forp . ) 0 enates, such as
met hanol , L‘re k%léﬂv\%hﬁ&’?%g%ﬂlég%md&%%#a?%%teéaééeﬂ @?’lgcoﬁés/fgje%foflﬁadet ail here.

Two net hods f orcdnoprisingg cony@aipainasypetutddedstdRrwinéidtodimmdghéphamet i on from
synthesis gas. These nethods are also wuseful to form other oxygenates. 30

As al so stated HRIVES innlirsheapiinnstons 8F preactoy sysepe vedeceadisanssfativean  be
used to menage peabakaid d0f GRANGISEAR bEBALRE iphCudfS gl | 1 ed 1 the
te, the oxyge abd Yedlst

art will appreci the conversion o ock to Iight 03
SEP 2004 -26 ofgfdlefins; dscaingax kbstarporfion efht tanlystByrorethyfinétng t he at | east
partially regenerated catalyst to contact the by-products of the

conversi on r eactcpgiPn zoppand Hisdust e progyct sireaéq & sesond aciemeaicsi on
reaction are co . j L ] : The

conver si on of t(ﬂg&lﬁlgggteltregséﬁ}?ﬂkg@ féﬁé&?%%ﬂ%% gn%]%%scﬁglri?e gfg{lg‘gg%stf)iaght olefin
products is an regacirabhecgrneratinathiciaofeast alpoeti@ooftae satalysofin tHee by- product s
into light olefi nﬂ{%oduct consunes heat produced by the conversion of the

oxygenate feed, “BFRFEIOF OIOER ﬁ?fef“?féte_d&@@ yais} digeelipg gre FEAETABhCAHYHS r eact or
during a cata VEgd fORELARMOF RIKE IXoRE el £3R; ardedhBRARD theldl NOL

catalyst to the reactor, a catalyst cooler nay 1 e nated fromthe
appar at us used ¢lofippoductstiche widsatrlexdt @ peftion®f tre, regknerhted shtalystadn dmt al yst

cool er can be reduced in size and/ or cooling duty, The_ hot catalyst is
cool ed in the r¥&seibicagipn4pace trﬁ%:F(PﬁSESt‘é'B?’rWF%‘K& Blefiphare | onger chain

(C4, G5, C6 and.dnQBY&S b 1heblehias, Oy SirBdh&Rea fARAIVNAENBIART
2. The method of claim 1, wherein the reactor system is a riser reactor.

3. The method of claim 2, wherein the olefin product stream from the first

reaction zone comprises at least 50 wt. % light olefin.

4. The method of claim 3, wherein the olefin product stream from the first

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

5. The method of claim 4, wherein the olefin product stream from the first

reaction zone comprises at least 60 wt. % light olefin,

6. The method of claim 2, wherein the oxygenate feedstock comprises at least 50

wt. % oxygenate.



coke. 15 Persons of ordinary skill in the art wll recogniZﬁ

nodi fi cations may be nade to the present invention w thout ép ﬂp g from
the spirit and scope of the present invention. The enbodi ment descri bed
herein is nmeant to be illustrative only and should not be taken as limting
the invention, which is defined by the foll ow ng clains. 03 SEP 2004 -27
What is clainmed is: 1 A nethod for converting an oxygenate feedstock to an
ol efin product conprising: contacting an oxygenate feedstock with
silicoal um nophosphate catalysts in a first reaction zone of a reactor
system under conditions effective to produce a first olefin product stream
conprisingzlig f i portion of

t he catalgzts P?%ﬁ#?%%a?fﬁggn§f§3§%§329§§Eg;ﬁ&ﬁ&{ﬂgm$%$§?qé%ﬁ$fn pr oduct
streamto a secwadiongaotcomprsasdgss ttinrWovi. AgCathydematboasporti on of the
catalysts in the second reaction zone to a regenerator; regenerating the
at least a portion of the catalysts in the regenerator to formregenerated
catal ysts; g di r ephd ReihblSf ERARNSHALEMH tﬁéaﬁhx§>}&duci t@?}l”?@mrtﬁ@ﬁ&?rator to the
second reaction zone; and contacting the first n product streamw th
at least a portneaﬂlmﬁfzomheomplegpsrh@sahaaenﬂc&am%Qstlsjdmtattimes second reaction
zone of the reactor system wherein C4+ olefins are converted to |ight

ol efins, thereby producing a final olefin product. 2. The nethod of claim
1, whereingthe TRAGEMDA DY SlafiB] Whételn BEDIHBPFERCt stkam e TR iRd of claim 2,
wherein the ol efin product stream from the irst reaction zone conprises
at | east 50 wt .resstiangione opmprises less thiened Ot %064 ‘dfydedcaibon8, wherein the

ol efin product streamfromthe first reaction zone conprises at |east 55
w. %Ilight olefin. 5. The nmethod of claim4, wherein the ol efin product

st ream frop.t heThd msthod b€akih QNwESER O BRA ?@t@alr@éted ARt s&Bnieactipn | ght
olefin. 6. The nethod of claim2, wherein the oxygenat e feedstock conpri ses
at |east 50 wtzongcheysgeekeeontet of lessrthandavt. %.

11.  The method of claim 10, wherein the catalysts directed to the second reaction

zone have a coke content of less than 2 wt, %.

12.  The method of claim 11, wherein the catalysts directed to the second reaction

zone have a coke content of less than 1.0 wt. %.

13.  The method of claim 2, further comprising separating light olefins from the

final olefin stream.

14. The method of claim 13, further comprising contacting at least a portion of the
light olefin with a polyolefin-forming catalyst under conditions effective to

form a polyolefin.

15.  The method of claim 1, further comprising:
circulating at least a portion of the catalysts from the second reaction zone to

the first reaction zone.



-28 7. The method of claim2, wherein the olefin product strepmdy@m the
first reaction zone conprises |less than 50 wt. % C4+ hydrocarbons.” 8. The
met hod of claim7, wherein the olefin product streamfromthe first
reaction zone conprises less than 40 wt. % C4+ hydrocarbons. 9. The net hod
of claim8, wherein the olefin product stgeamfromthe first reaction zone
conprises less than 30 wt. % C4+ hydrocarbons. 10. The nmethod of claim?2
wherein the catalysts directed to the second reaction zone have a coke
content of_ Jess than 5 .. % 11 The net hod, of claim 10, wherein the

catal ysts @ r ecT}Ednﬁﬁog\é%C@%énﬂh?fE@dhggﬁt and e OPLIFACHPNAIES 8§k ent of | ess
than 2 wt. % od of claim1l, wherein the catalysts directed to
t he second rea%%?gﬁgﬁg%ﬁéghave a coke content of less than 1.0 wt. % 13.
The met hod of claim2, further conprising separating light olefins fromthe

final olefjn stream 14. The net hod. o | ai m 13, further conpri.sing

cont act | ngfi;t @%rﬂe'gogaf 91@%10‘#?%1@ tfl? ﬁ&ﬁﬁn FEEPRHIEREHiQn Zpnes are in the

pol yol efin-forng £at@ yst under conditions effective to forma

pol yol efin. 15. The nethod of claim11, further conprising: circulating at
| east a portion of the catalysts fromthe second reaction zone to the
first reactjon zone. D .3 EP2004-29 16. The nethod.of claim1,
wherein thefir E?EW&OQQEEEHFEgﬂh?FﬁﬁhiﬂﬁgﬁxggQCWHs”k%ﬁ@ﬂ&?gt?@actors. 17.
The method of clegdi theluh@raSisdr kafor hlidihe I0hnARERNG LERCHE 1QA1AUNES are i n
the sane reactor. 18. The nethod of claim 1, wherein the contacting occurs
in a fluidized fxeut aboeatiearsei rglondi ng a ri ser region, and the second
reaction zone is |located at a point above the riser region.



