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TITLE.  PROCESS FOR CONVERTI NG OXYGENATES TO OLEFI NS

USI NG MOL | EVE CATALYSTS COWVPR! SI NG JESLBABLE
CARBONACE TS 5 Field of the Invention PCT i%%

present invention relates to nmethods for selectively converting oxygenates '
to light olefins, preferably ethylene and propyl ene, in which desired

car bonaceous deposits are nmaintained on a total reaction vol une of
catalyst by totally regenerating 10 only a portion of the total reaction
vol unme of catal yst and m xi ng the regenerated portion with the,
unregenerated total reaction volume of catal yst. Background of the

| nvention TITLE: PROCESS FQR CONVERYING OXYGENAYESEO QLEFINSne, and
butyl ene”) serve as fgSING'MOLECULAR SIEVE CATADYSTS OOMEPRISINGeNi cal s.
Light olefins tradit igggmnzmg(ﬂmggﬁgcgbn§ﬁlgpm§| eum cr acki ng.

Becausey of the limted supply and/or the high cost of petrol eum

sources, t 0 rqduci ng ol efins from petrol eum sources has increased
steadily. ternative feedstocks for the production of I|ight
ol efins are oxygenates, such as al cohols, particularly nethanol,

di methyl ether, BpeiPresent inyention relates o methodufor selectivelyonyerting opygenates
fermentation, or fromsynthesis gas derived fromnatural gas, petroleum 20
liquids, cawlightickfils prefemblyadtisylerierandtopyierse) &l which dgsitedctarbomatéons,

muni ci pal wastes, or any organic material. Because of the w de

variety of ﬁé;;\‘:/&&ﬁ@:?re AhneRtd onfd fo@zﬁ%actiorl volum&&f éaY%j?éé éﬁ?otaﬁ;’ﬂfbg@ﬁé]ﬁﬁn%e  or

oxygenat es € promse as an econom ca non- petr sour
ol efi n producti on s used to rormtetge
% 0 ate

conver $Pon SR 3,RPgHomplthe lt?}ald'leﬁ‘fq%-sl;%z‘f'ggt"?‘l:ﬁgm and mixing the regener

portion with the unregenerated total reaction volume of catalyst.
Background of the Invention
Light olefins (defined as “ethylene, propylene, and butylene”) serve as feeds for
the production of numerous chemicals. Light olefins traditionally are produced by
15  petroleum cracking. Because of the limited supply and/or the high cost of petroleum
sources, the cost of producing olefins from petroleum sources has increased steadily.
Alternative feedstocks for the production of light olefins are oxygenates, such
as alcohols, particularly methanol, dimethyl ether, and ethanol. Alcohols may be
produced by fermentation, or from synthesis gas derived from natural gas, petroleum
20 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 promise as an economical, non-petroleum
source for olefin production.

The catalysts used to promote the conversion of oxygenates to olefins are
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nmol ecul ar V\Zo{)%//&z(]:gt al ysts. Because ethyl ene and propyl ene are_the nost

sought aft products of such a reaction, research h&STIEEY L84 on
what catal ysts are nost sel ective to ethylene and/or propyl ene, and
on net hods for increasing the selectivity of nol ecul ar si eve -

catal ysts to ethylene and/or propylene. The selectivity of certain 5

nol ecul ar sieve catalysts to ethylene and propylene is known to increase if
the | evel of coke on the total reaction volume of nolecul ar sieve
catalyst is maintained in the range of fromabout 2 wt%to about 30
wt % Sore havleculasiews eatialysts. nBecansé gthylehs artibpropeldne are the mostvidughtf afiepke by
removing allF or a portion of the total reaction volunme of cat aFyst,

partially r ' ctiGi. %HR”H Il tially
r egener at eaﬁﬁgi(i‘)&é 6%%‘%%%/%’? tot s\g%gggst%r. ed\j\lev\ygétf%a%%ﬁ%f H&é%%ﬁ%’ag{'i on
may not resul t, i,n maxi mim el ect,i vi of the gat st. tq |ight
olefins. ™© cihyiéhd TH/F HRPHENf, aﬁ‘? gn H’@M%&ﬁ‘ﬁ‘i‘?aﬂﬁ S ﬁ't“ﬁﬁyrf’%a desi r ed

| evel of coking on nolecul ar sieve catal ysts during the conversion
of oxygenat®@8lepylapsieyq catalyits taethylens andierpropylene. Thasselestivifmef ¢evtainy of t he
catalyst. 15 Summary of the Invention The present

i nvent i Hn pmoleculessiaveetiipsts toethylensindygropylend 8dkumbovin t6 ikiréase ifithe 16gél of
conprising: contacting a feed conprising oxygenates with a total reaction

| f . _ h a tot .
O tee s coke on the 5Pl REUIGH yoth¥ B fidlelP kel bty 0 fbind AR R A GhEY© * ©

produce a stream conprisin , _ !
Fender sai PURTRAPER! 457 SIROUCTY o SoP e Sppesied R R iR AoPFPd he
absence of sai d desirabl e carbonaceous deposits; and wherein, upon

accunul at i ogvelfof coke by remgideg al} ahs portignies the:tetal seatsion yolumeaificatalyistie t o
interfere with catal yst activity, said

partially regenerating the catalyst so removed, and returning the partially regenerated
10 catalyst to the reactor. However, partial regeneration may not result in maximum
selectivity of the catalyst to light olefins.

Methods are needed which will maintain a desired level of coking on molecular
sieve catalysts during the conversion of oxygenates to olefins while maintaining
maximum activity of the catalyst.

15 m f th ti

The present invention provides a method for treating a molecular sieve catalyst
comprising: contacting a feed comprising oxygenates with a total reaction volume of a
molecular sieve catalyst under conditions effective to produce a stream comprising C,-
C, olefins, wherein said total reaction volume comprises desirable carbonaceous

20 deposits which render said catalyst more selective to C,-C, olefins than in the absence
of said desirable carbonaceous deposits; and wherein, upon accumulation of

undesirable carbonaceous deposits effective to interfere with catalyst activity, said



3 desirabl e carbonaceous deposits are maintained on said nol ecul ar

sieve catalyst by a process conprising: separating said total
reaction vol une of nol ecul ar sieve catal yst into a ﬁﬁ?}{hg&’ﬁm a
remai nderWOPPBRI? ng said portion with a regeneration nmediu r

conditions effective to renove said undesirabl e carbonaceous deposits,
formng a 5 regenerated portion conprising in the range of from about O

w%to a regenerated anount of carbonaceous deposits; and, m xing
said regenerated portion with said remai nder, wherein said
regener at ed anount of carbonaceous depogits conprises an anount

sufficient, upon said mxing, to produce a regenerated total reaction
vol une desirabBatboriabébus degosiiré Aintaified HIPAE Adlgeulle et tRalysty a Bri ef

Des](c:riptijon- of the Draw ngs _ Fig. 1 is a diagramof ‘a ]
Cat al yst r SEGRSL yorpprier cpeBpfiing il ik rcatn il of mloculaf BEhELaglile’,

Description of the Invention i ) ) ,The_ﬁonversi on of gxygenates to
li ght ol ef M8 3ROTHGR and/s Exmaifdereirealing spid Rortion, with aegengratinn mediupydder pue
to the high tenperatures required during the conversion process,

car bonac eowenditipuss¢ffectie twremoaye saidiwdesirabletadkasiagedusdeposits; formingd ace of

t he _ ~ mol ecul ar sieve catalyst. In order to avoid a significant
reduct ison irggenetatéd/gdrtian comiptising in the rangel dffroid WBOULT wiPa b altegdnefi@eEr at ed by
burni ng of f coke deposits. One goal during the conversion of

¢ . : - ‘ Con of i Lefins.
e abry, it Bt cdiforseodt BEUIR. 664, miRing Sthd reBlEdEd bR watt i O 1\ 1S
mat er . The @ese,nt i nventi on uses

met hane, et hange, propane, .,and err] L.al
the coke t Emanss HhaEest wﬁéﬁﬂsgf@gedamq% of & PRASEOYSHCPORISRAMRTIFEE 2Ry0al by

al | owi ng
amount sufficient, upon said mixing, to produce a regenerated total reaction volume
comprising said desirable carbonaceous deposits.
10 ief iptio e Dr:

Fig. 1 is a diagram of a preferred embodiment of a high velocity fluid bed
reactor with catalyst recirculation for use in the present invention.
Descripti nti
The conversion of oxygenates to light olefins is catalyzed by various molecular
15 sieve catalysts. Due to the high temperatures required during the conversion process,
carbonaceous deposits known as “coke” unavoidably form on the surface of the
molecular sieve catalyst. In order to avoid 2 significant reduction in catalyst activity,
the catalyst must be regenerated by burning off coke deposits.
One goal during the conversion of oxygenates to olefins is to maximize the
20  production of light olefins, preferably ethylene and propylene, and té minimize the
product of methane, ethane, propane, and C,+ materials. The present invention uses

the coke that unavoidably deposits on the catalyst to achieve this goal by allowing
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"desirabl e carbonaceous deposits” to accunulate on the nol ecul ar sieve
catal yst while renovi ng undesirabl e carbonaceous deposits.

One met hoMO®RAI21Aas been suggested to mai ntain desirabl e cAPEREAI S
deposits on the catalyst is to only partially regenerate sone or all of the
total reaction 5 vol ume of nol ecul ar sieve catalyst. Wthout |imting

the present invention to a particular theory, it is believed that
only partially regenerating a portion or only partially regenerating
all of a total reaction volune of cokedgml ecul ar sieve catal yst has

a serious drawback. Coke that is produced during the conversion of

OXygenat es«dy; boRiRblifgedoiitt "R RchulRNGAPHE Al Bickd and in
the "mcr Op%é%nerghleg?r r?n+ecuf]at'r"li l10 si(:evlel catal ysts. Taﬁele&eggt?#%e;l?&?hat

sel ectively convert.oxwgenates to ethylene and propyl ene occur in
the mecr opger“é%“% “?4?8“%8? gngﬁ?ceg'I”ééeé%égst'al yst. It is relatively

difficult for a regeneration medium (usually oxygen) to access the

ni cr opor es. One methad, that bas beensuggestad toimaintgin; degisablg,carhonaseousi cr opor es
is nmore difficult to renove during the regeneration process. Partial
regener at i depasits ionlthkedtalystieto only partistly eegeheratelsome oradllof the wotal réaetion

m cropores of the catal yst, which result in an adverse inpact on the

sel ect igvi t woﬂﬁné'é‘ﬁn&_@&ﬁwﬁévet&tﬁis@.yb&lelﬂﬁu@ﬁﬂit QRY hiBént invention to a The

present invention nmaintains "desirable carbonaceous deposits” on the

catal yst by _renmvi,ng on]. .portign of t total reaction volu of coked
nol ecul ar Bﬁartlcuart ‘T%@(/éé %gglé&fgtth%?&&%?ﬁﬁ}yfeﬁgﬁéﬂlgg&ﬂ OBR1 O hat portion
of catalyst. Total regeneration 20 _is helieved to renpve  coke from both
t he ni cr opdretiallysegene@ting alk of a satakrepetion yalume of coked guplecadar sigve satalyst t he
regenerated portion of the catalyst. \Wen the regenerated portion

of cat al ysthas a sefiotsdirawbdrkt [Gokerthage prodatedlduringethe detivension bfoxygemdtysto, t he
result is the

olefins is known to deposit both on the surface and in the “micropores™ of molecular

10 sieve catalysts. The reactions that selectively convert oxygenates to ethylene and
propylene occur in the micropores of the molecular sieve catalyst. It is relatively
difficult for a regeneration medium (usually oxygen) to access the micropores.
Because of this, coke that builds up in the micropores is more difficult to remove
during the regeneration process. Partial regeneration most likely does not remove the

15 coke from the micropores of the catalyst, which result in an adverse impact on the
selectivity of the catalyst to ethylene and propylene.

The present invention maintains “desirable carbonaceous deposits™ on the
catalyst by removing only a portion of the total reaction volume of coked molecular
sieve catalyst and totally regenerating only that portion of catalyst. Total regeneration

20  is believed to remove coke from both the micropores and from the less selective
surface areas of the regenerated portion of the catalyst. When the regenerated poriion

of catalyst is mixed with the unregenerated remainder of the catalyst, the result is the
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mai nt enance of desirabl e carbonaceous deposits bl ocking | ess sel ective
surface areas in t he unregenerated portion of the ca )i§§98/1?4'39 an

i ncrease WP!M¥2¥ tes available to sel ectively convert oxygehates to
i ght olefins (mcropore surface area) in the regenerated portion of
the catalyst. 5 As used herein, the term "desirabl e carbonaceous
deposits' is defined to conprise an anount of at |east about 2 wt %
car bonaceous deposits, preferably in the range of from about 2 w %
to about 30 wt % carbonaceous deposits, based on the wei ght of the
total reaction volunme of coked catal yst. "Desirabl e carbonaceous

deposi ts" - -m#iNRRAarce dofidesirablugarbanacesinrdepOsitstiooking 186 seletcive fupfact afdas kp! unNe
of 10 nmel ecul ar sieve catal yst -- are carbonaceous deposits which

primarily bl QLA ion of ficRbs AV, t are not
sel ective totﬂthgR' r(‘)éé%ggipgﬁmgfo ézh? %tglgfi?ﬁ]? ¢ Hi%hE i aﬁ@lﬂ)és]t?,ant lally
any small or di ym pore mol ecul ar .si,eve.cajal ysts an . ui val ents

t hgr eof may slggecggé}g °$‘hv°f'0°"iy|58mg?sg@e”ﬁh Pﬁ’é@%{q"ﬁgﬂp“w&“ ﬁfﬁ’b“‘ﬁg‘gecul ar
sieve" catalysts are defined as catal ysts with pores having a di ameter of

| ess than abregenerated portpnefshgeatalysts. Medi um pore nol ecul ar si eve catal ysts
are defined as catalysts with pores having a dianeter of in the

range ofsfrom aboAk ubediiedeihOthénerni rdesitable carbonacebitdepakitisdéfliedeel ' i s
defined to refer to catalysts having a pore size that perforns

SUDSU ANt | &1 | gort e oL HIGH &98ask BN R chiBohiocbliEdSATEs, itelBy AT ME

substantial ly sanme result as catal ysts

di aneter or pore size., 20 graup of suitable nolecul ar sieve
catalysts | SAPREODERR batte i toabout Iy W XaRihagkouR Hepdints basta R 7
each of which exhibit different properties and different utilities.

Structural tVypight efthg tetal reaetion valeme pEgoked gatalyst Sdesirablescarbonacaousi n t he
present invention

deposits” -- even if they comprise over 30 wt% of the total reaction volume of

10 molecular sieve catalyst -- are carbonaceous deposits which primarily block portions of

the surface of the catalyst that are not selective to the production of C,-C, olefins.
Substantially any small or medium pore molecular sieve catalysts and
equivalents thereof may be used in to the present invention. “Small pore molecular
sieve” catalysts are defined as catalysts with pores having a diameter of less than about
.15 5.0 Angstroms. Medium pore molecular sieve catalysts are defined as catalysts with

pores having a diameter of in the range of from about 5 and 10 Angstroms.
“Equivalents thereof” is defined to refer to catalysts having a pore size that performs
substantially the same function in substantially the same way to achieve substantially
the same result as catalysts having the foregoing diameter or pore size.

20 One group of suitable molecular sieve catalysts is the zeolite group. Several
types of zeolites exist, each of which exhibit different properties and different utilities.

Structural types of small pore zeolites that are suitable for use in the present invention



6 with varying | evels of effectiveness include, but are not

necessarily limted to AEl, AFT, APC, ATN, ATT, ATV, AWN BIK, CAS,
CHA, CHI, DAC DDR EDI, ERI, G0, KFI, LEV, LOv, LTA, MXN, PAUY,

PHI, RHO, W& THO and substituted exanpl es of tRETAISIBIE ur al
types as descrl bed in W M Meier and D. H 5 A sen, Atlas of Zeolite
Structural Types (Butterworth Hei neman-3rd ed. 1997), I ncor por at ed

herein by reference. Preferred zeolite catalysts include, but are not
necessarily limted to, ZSM5, ZSM 34, erionite, and chabazite. _

Si |'i coal um nophosphates ("SAPO s") are agother group of nolecular sieve
catalysts that are useful in the invention. SAPO s have a three-dinensional

Lot rahedr al P\ pmadstels of ERCRVEHCSs o Wtk ate n kbl WARGARABE' ) wae
DUt AR, AWVM%W@?@%SH%Q%A pRokPi gL o

US- A- 4, 440, 871, |nco orated herein by reference, and Zeolltes Vol . 17,
pp. 512- 522G IS, LEV: 8T AMEN, wwmmenea and THO and _ SAPO s
w th added substituents al so may be useful in the present invention.

Th ese su bst s'ubslimcbd&eﬁﬁp&sfof thesa strhetacml fipesls destribed & WY RE NEieMEhdad. H.
"MeAPSO s. Substituents may include, but are not necessarily

limtedsto € mq}% Py | ¢
Struct u?al ?{fggs‘*téf rredlbfjﬁ%?re %F@gﬁ(g?ttgry(g\?g{sﬁﬁg}exyﬁfﬁd% Eéé‘)g:r esent 20

v EoSRuehboaBly iedt? R Yeoutd Sl en il aregiot  hote

structur al types, descri bed in the Atlas of Zeol ue Types,
previ ousl y Wﬁ’@ﬁﬁabb’rlmﬂ&ﬂ 9o Z8Mr5hdSMe34 reinnite, and chabazite.

Silicoaluminophosphates (“SAPQ’s”) are another group of molecular sieve
catalysts that are useful in the invention. SAPQ’s have a three-dimensional

10 microporous crystal framework of PO,*, AlO,,, and SiO, tetrahedral units. Suitable
SAPO’s for use in the invention include, but are not necessarily limited to SAPO;34,
SAPO-17, and SAPO-18. A preferred SAPO is SAPO-34, which may be synthesized
according to US-A-4,440,871, incorporated herein by reference, and Zeolites, Vol. 17,
pp. 512-522 (1996), incorporated herein by reference.

15 SAPQ’s with added substituents also may be useful in the present invention.
These substituted SAPO’s form a class of molecular sieves known as “MeAPSO’s.”
Substituents may include, but are not necessarily limited to nickel, cobalt, strontium,
barium, and calcium.

Structural types of medium pore molecular sieves useful in the present

20 invention includel but are not necessarily limited to, MFI, MEL, MTW, EUO, MTT,

HEU, FER, AFQ, AEL, TON, and substituted examples of these structural types, aé.

described in the Atlas of Zeolite Types, previously incorporated herein by reference.



7 The process for converting oxygenates to ol efins enpl oys
an organi c starting mat eri al (feedstock) preferably conprising
"oxygenates." As used herein, the term "oxygenat es to
i ncl ude, WRPYPBMot necessarily limted to aliphatic alcohgﬁéﬂﬂSRhﬂﬁg

et hers, carbonyl conpounds (al dehydes, ketones, carboxylic acids,

car bonat es, and the 5 like), and al so corrpounds cont ai ni ng het ero-at ons,
such as, halides, nercaptans, sul fides, -am nes, and m xtures thereof
The aliphatic noiety preferably should contain in the range of from

about 1-10 carbon atons and nore prefergbly in the range of from
about 1-4 carbon atons. Representative oxygenates include, but are not

necessarily  The prodtst st dofivertifi@@kygenhidl &bleffded 'xgpne s & Grpahie SraftidgPhat i

al cohol s, their unsaturated 10 count er parts, elr nitrogen, haI ogen

are not nelitdif ?ﬁé?fﬁm%f??%'eﬁmf B Fmepaes ARSIERGRNR, bt D

i sopropanol; Clerr] - al c rret hyl et hyl. efher, dinmethyl ether;
di et hyl et hexygepates” is d ne ﬁloéﬂﬂPg?;g)Pt @tq%peceﬁ@p t@aﬂbpg#,tc aleqkils,

sul fide; methyl am ne; ethyl nercaptan; di- et hyl sul fide; di-ethyl

am ne; et hyethers) Icalrbiodyel; coixtpamnddéﬂd&hgdesdketm&shyﬂrbmeylibmn’tds,e:;arbﬁnates,]ﬁxd theet hyl
ket one; acetic acid; n-al kyl am nes, n-al kyl halides, n-alkyl sulfides

havi ng sn-  fike), and aRb ‘éﬁhpﬁﬁﬁﬁﬂ%%n@iunﬁg’ HetetcsAtdths! ﬂﬁhra@rlﬁﬁdékf mlef@ptamiout 3 to

about 10 carbon atons; and m xtures thereof As used herein, the
feed The- SotiEs arisGORR hadils ¥he‘r?9i‘fe°¢h§§ﬂ#faa'ﬁ ity eGPl 1
addi ti onal .conpounds, such as_diluents Pr ef erably, the

oxygenat e ﬂeéwsttamoféﬁﬁmaaoablﬂeﬁ@@@pé@mﬁamomeﬁe@ dhe range of from

reaction zone with the defined nol ecul ar sieve catal yst at effective
process conabdutdrécarbon atomss Representafive dxygenatbeindingde, e ard dtinesessarilg. , an

effective tenperature, pressure, VWHSV

limited to, lower straight chain or branched aliphatic alcohols, their unsaturated

10 counterparts, and their nitrogen, halogen and sulfur analogues. Examples of suitable
compounds include, but are not necessarily limited to: methanol; ethanol; n-propanol,;
isopropanol; C, — C,, alcohols; methyl ethyl ether; dimethyl ether; diethyl ether; di-
isopropyl ether; methyl mercaptan; methy! sulfide; methyl amine; ethyl mercaptan; di-
ethyl sulfide; di-ethyl amine; ethyl chloride; formaldehyde; di-methyl carbonate; di-

15 methyl ketone; acetic acid; n-alkyl amines, n-alkyl halides, n-alkyl sulfides having n-
alkyl groups of comprising the range of from about 3 to about 10 carbon atoms; and
mixtures thereof. As used herein, the term “oxygenate” designates only the organic
material used as the feed. The total charge of feed to the reaction zone may contain
additional compounds, such as diluents.

20 Preferably, the oxygenate feedstock should be contacted in the vapor phase in a

reaction zone with the defined molecular sieve catalyst at effective process conditions

so as to produce the desired olefins, i.e., an effective temperature, pressure, WHSV
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(Wei ght Hourly Space Velocity) and, optionally, an effective anmount of

di | uent. Alternately, the process may be carried out in a liquid or
a mxed W@8¥M21ui d phase. Wien the process is car PFFEYSRI3M t he
i quid phase or a m xed vapor/liquid phase, di fferent conversion
rates and selectivities of feedstock-to-product nay result 5 depending
upon the catalyst and the reaction conditions. . The
tenperature enployed in the conversion process may vary over a w de

range depending, at least in part, on the selected catalyst. Al though not
limted to a particul ar tenperature, best results will be obtained

if the pro S 1. Sy conquct t. eratuces in th e of from
about  200; Spejet s Rate Batiey) and. gl tieiivd ndulf ok 8GO 1,
about 250[err]C to about 600[e£r]C,, and post preferably in the range of
from about Altémately,she peacessanay, be sartied oubing hquid o amivedivanerdiquid phase.
generally result in |ower rates of reaction, and the formati on of

t he desi r eAWhergthe peboess is cpmriediontt in theyliqhiskcphase ora et waporiiquid phase, However,
at higher tenperatures, the process may not form an optinum anount of

l'ight ol ef !m&e&%ﬁ%&sioﬂ?%es BiSd Seddditivftiek %rpeeaaacmﬁ&g@u&maw&mt 15

Li ght ol efin products w form -al t hough not nece rily in optinmm

anount & - . a Wi r f . i ncluding but not limted

to aut ?genggﬁgndbt?%‘éé%%gg céﬁyﬁ&%ethg reag:?lgg §§'§a2§°n|sh the range of from about

0.1 kPa to about 100 MPa,. A preferred pressure Is in the range of
from about 6.9 KFIf tempambire eswlqypi,m HISGONKSISIOR PEANESS MAY VaT¥ overajwider

from about 48 kPa to about 0.34 MPA. The foregoing pressures are exclusive
of 20 dahgeedependihg,can yeastsinjyraets entthe setettadafatalyst.o Altheughandt iliaditegdteasur e of
the feedstock as it rel ates t o oxygenate conpounds and/or m xtures

thereof. PrasgifSedpiahss vabt leliftsSilltatbbtained if the'frH&IRS is Y dREed'sted and are

emj
not excluded fromthe scope of the invention. Lower and

temperatures in the range of from about 200°C to about 700°C, preferably in the range

10  of from about 250°C to about 600°C, and most preferably in the range of from about
300°C to about 500°C. Lower temperatures generally result in lower rates of reaction,
and the formation of the desired light olefin products may become markedly slow.
However, at higher temperatures, the process may not form an optimum amount of
light olefin products, and the coking rate may become too high.

15 Light olefin products will form--although not necessarily in optimum amounts--
at a wide range of pressures, including but not limited to autogeneous pressures and
pressures in the range of from about 0.1 kPa to about 100 MPa,. A preferred pressure
is in the range of from about 6.9 kPa to about 34 MPA, most preferably in the range of
from about 48 kPa to about 0.34 MPA. The foregoing pressures are exclusive of

20  diluent, if any is present, and refer to the partial pressure of the feedstock as it relates
to oxygenate compounds and/or mixtures thereof. Pressures outside of the stated

ranges may be used and are not excluded from the scope of the invention. Lower and



9 upper extremes of pressure may adversely affect selectivity,
conversion, coking rate, and/ or reaction rate; however, |ight

ol efins such as et hyl ene still may form ‘ The_process shoul d
be conti nWUIPYR1% period of time sufficient to produce t hePCTUSIANRM; [ og
ol efin products. The reaction tine may vary fromtenths of seconds toa 5
nunber of hours. The reaction tinme is largely determ ned by the reactiom

t enper at ur e, the pressure, the catal yst selected, the weight hourly
space velocity, the phase (liquid or vapor), and the sel ected
process design characteristics. 9 A w de range of weight

hour |y space vel ocities (WHSV) for the feedstock wll funct i on in

th nt,, uent
10 per K %%éé'ﬁé% offreiptEmEE pRERATLEL AR Sl i, 8 ove)
catal yst (e ud| n i ner or fill er \/ eneral |
shoulé be(l‘i‘(fl Prreactionsatss howeysry léé“p?%'{neguchaset ’ﬁrs“Fé‘FW] °%gabout 5%0 hr

-[err], preferably in the range of fromabout 0.5 hr [err] to about 300 hr
[err], and nost piTbé pradessyshonld eecantinges fof afperiod abtime saffitieht to prodycetthe about
200 hr [err]. One or nore diluents may be fed to the

reaction zogeiret lofefiniRoductd eThd Ractionlfme nﬁy%rytﬁ’&h téritis 6F¥e§6mfs‘i6q m xture
conprises diluent in a range of fromabout 1 nol%to about 99 nol

necossari |y o e Bl %‘%@%%%ﬁﬁ%‘*‘%ﬁw o BERRel Q?% Fnihseebebipoon

di oxi de, wat.er raff t her drocar bgons (such as
met hane) , aﬂ’ﬁrﬂﬁ?ﬁsﬁ‘}g the catalys& 6?\1535%&5 tﬁ?‘*’&ﬁpége Yéleciothe phags digpidy

di luents are water and nitrogen. 20 A preferred enbodi nent of a
react or sysoevarfor), ané theselestadt procese desigmchasacteristics. circulating fluid bed

reactor with continuous regeneration, simlar to a nodemfluid

catal ytic crackemn widergfigddsfifeightthdbdly spaceldeftles (WHS VLo R RSt RESRIIS €

oxygenate to
function in the present invention. WHSYV is defined as weight feed (excluding diluent)

10 per hour per weight of a total reaction volume of molecular sieve catalyst (excluding
inerts and/or fillers). The WHSV generally should be in the -range of from about 0.01
hr ! to about 500 hr !, preferably in the range of from about 0.5 hr *! to about 300 hr -
!, and most preferably in the range of from about 0.1 hr *! to about 200 hr .

One or more diluents may be fed to the reaction zone with the oxygenates,

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

20 A preferred embodiment of a reactor system for the present invention is a
circulating fluid bed reactor with continuous regeneration, similar to a modemn fluid

catalytic cracker. Fixed beds are not practical for the process because oxygenate to



10 ol efin conversion is a highly exotherm c process which requires

several stages with I ntercool ers or other cooling devices. The
reaction also results in a high pressure drop due to the production
of | ow prwasave?19 ow density gas. Because tRCTFRYSAIFW nust
be regenerated frequently, the reactor should allow 5 easy renoval of a

portion of the catalyst to a regenerator, where the catalyst is -
subj ected to a regeneration nmedium preferably a gas conprising oxygen,
nost preferably air, to burn off coke fromthe catal yst, which
restores the catalyst activity. Ige conditions of tenperature,
oxygen partial pressure, and residence tine in the r egener at or

shoul d be s cted achi a goke. c r alyst of 10
oo than St cogveipds < et oRRiRicIRBhaR WiRh RENRAT R A ER Bk o
shoul d be | returned to the reactor. . ) It is inportant
for the redatersooless prothexcopling deviess. { Fhgireactiop|also;rorilts ima high pressurgairop

| evel of coke is maintained in the reactor--an anount greater than about
1.5 w%  due to theprefiectin of low préssureplogedensity gasn about 2 wt % t o about 30
W% nost preferably in the 15 range of from about 2 wt%to about 20

W% |f the reacQauiethd chiaBist MBSt rbenktatédfréfiféntly, the reactdf ShouiPallowW
(sonetines referred to as a’'riser reactor), then a portion of the catalyst

exiting. the_ top of react or .must .be returned to the reactor.inlet. This
is di f?ser ent™ fentoval Qﬁ‘ B?ﬁ?igntof; S}eccﬁialﬁfﬁ g' ESPEAN %’h‘fﬁg&ﬁ(@aw%&) ri ser
reactor, where all or nost of the catal yst exiting the top of the
react or is Sebiseteddo afegeneptior madyum, preferablt 3,838 COMEEISINEPXYERM, MOSL 4t al yst
directly to the reactor, without regenerating the coked catal yst, allows

t he prefeeabhyair,dobari eff ebke fromithe catalystowhich restoted thepcatalysa agtivitiyer r ed

|l evel . By adjusting the ratio of the flow of .the coked catal yst

bet ween t heTHEGRARIGAL OF tedipbrdthf, bRRseh Partial pRis&irs dndFesidence time in the -

<

regenerator should be selected to achieve a coke content on regenerated catalyst of
10 less than about 0.5 wt%. At least a portion of the regenerated catalyst should be
returned to the reactor.

It is important for the reactor to be designed such that a relatively high average
level of coke is maintained in the reactor--an amount greater than about 1.5 wt%,
preferably in the range of from about 2 wt% to about 30 wt%, most preferably in the

15  range of from about 2 wt% to about 20 wt%. If the reactor is a high velocity fluidized
bed reactor (sometimes referred to as a riser reactor), then a portion of the catalyst
exiting the top of the reactor must be returned to the reactor inlet. This is different
from a typical Fluid Catalytic Cracker (FCC) riser reactor, where all or most of the
catalyst exiting the top of the reactor is sent to the regenerator. The return of coked

20 catalyst directly to the reactor, without regenerating the coked catalyst, allows the
average coke level in the reactor to build up to a preferred level. By adjusting the ratio

of the flow of the coked catalyst between the regenerator and the reactor, a preferred



11 | evel of coking, or "desirable carbonaceous deposits," can be

mai nt ai ned. If the fluidized bed reactor is designed with
| ow gas vel ocities, bel ow about 2 m sec, then cycl one e used
to retur oM@t fines to the fluidized bed reaction r}csr/g%ﬁ'ég‘wéuch

reactors generally have high recirculation rates of solids within the 5
fluidized bed, which allows the coke I evel on the catalyst to build to a

preferred |evel. Desirabl e carbonaceous deposits are maintai ned by
wi t hdrawi ng catal yst fromthe bed and regenerating the catalyst in

t he manner described above, and then retyrning at I east a portion of
this regenerated catalyst to the reactor. A preferred

enbodi nent ' eactk ' i b | ot resent 10

I nvention ilgeéigg%@?e% °.r‘na§“§§‘r°e .d“g\wr‘r)gl% ﬁgébgftg’f gg’cflgi | gﬁgﬁfl east partially
vaporized in a .preheater (not, K shown), The nethanql feed is m xed
with regenerat edféhg %H‘g@f’d EBJ Egagtor 1s des‘Sn\é\@WétHT‘&‘th&? yelpcities, helowaboub2 t om of
the riser reactor 14. An inert gas and/or steam nay be used to

di | ut e t he mised)ahen cycldanks niaj be ua¢dtoreturn catalystsfii2R tatio fifdized bbdremgiopr essur e
instrument |lines clear of catalyst. This inert gas and/or steam m xes with

the met hangione18uch Aetorfpélerdly Hale hipf re@iralafion Hies di@lideARhindRe | S
exotherm c, and the preferred rfeaction tenperature, in the range of

f rom abgut Ler el G i | | r @novi ng
neat. roat TORRLOSE HStARYs O CoBl bhcson' e BRADNTL R Ry orcfimag el
necessarily limted to cooling the reactor with a catalyst cooler (not
shown), f edaesigble carbonacenysdepgsits gee maintained by withdrawiggicatalystispmthe bed
catalyst feed to the reactor, or any 20 conbi nati on of these nethods.
The react orangdfreperendting@he catalyst inithgympnrent descsibed albead, ot thery sdturnitigl ati dgasts, and
unconverted feed, should flow to a disengagi ng zone 18. In the di sengagi ng

zone 18, a portion of this regenerated catalyst to the reactor.

~

A preferred embodiment of a riser reactor configuration for use in the present
10  invention is depicted in Figure 1. A methanol feed 12 is at least partially vaporized in a
preheater (not shown). The methanol feed is mixed with regenerated catalyst 28 and
coked catalyst 22 at the bottom of the riser reactor 14. An inert gas and/or steam may |
be used to dilute the methanol, lift the catalyst streams 22 and 28, and keep pressure
instrument lines clear of catalyst. This inert gas and/or steam mixes with the methanol
15 and catalyst in the reactor 14. The reaction is exothermic, and the preferred reaction
temperature, in the range of from about 300°C to aSout 500°C, is maintained by
removing heat. Heat can be removed by any suitable means, including but not
necessarily limited to cooling the reactor with a catalyst cooler (not shown), feeding
some of the methanol as a liquid, cooling the catalyst feed to the reactor, or any
20  combination of these methods.
Thé reactor effluent 16, containing products, coked catalyst, diluents, and

unconverted feed, should flow to a disengaging zone 18. In the disengaging zone 18,
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coked catalyst is separated fromthe gaseous materials by nmeans of gravity

and/ or cycl one separators. A portion of the coked catalyst 22 is
ret ur ned WO %M1 eact or inlet. The portion of cokedPEA{LPYI%2 o
be regenerated is first sent to a stripping zone 29, where steam or

other inert gas is used to recover adsorbed hydrocarbons fromthe 5 -
catal yst. Stripped spent coked catal yst 23 should flow to the regenerator

24. The portion of the catalyst sent to the regenerator 24 should be
contacted wth a regeneration negyum preferably a gas conprising
oxygen 30, at tenperatures, pressures, and residence tines that are

capabl e of burni oke of t at al ys own to | evel of

| ess than’ éﬂgﬂ{]c%gg‘&\ﬁ 570"“?&%‘{)%?’3?@? &?&W%W%tgﬁglg by Leaps ?ﬂ@av‘%amﬁ?regener at or
Is in the range of from about, SSOLJ‘err C,to about 700[err]C, the preferred
oxygen cyclone saparaterst Aoportian of ed satalysi22 is setpmgd @ thetreactpeiniet, t he
range of from about 0.1 vol % to about 5 vol % and the preferred

resi dence tTheportion of éoked cavalyst 28 td beoregedmoated s first sent to a steipging zdfk297i nut es.
The burning off of coke is exotherm c. The tenperature may be naintai ned at

15 a sui tyl e slefMRr obtier Yt SH5GER4eARbSedBveh Mbortied By dicRBohs roMthe | | M t ed

to feeding cool er gas, cooling the catalyst”in the regenerator with
The T egemeraittSiisPod BPh SRy 23 chguip SR IdTre s 2 Theces it
t he recircul ated coked catal yst 22 and the nethanol feed 12. The
r egener at eddasiempithe catalysbgent to thgyegrueraton Z4shoyldihecontagtedvithia by neans of
an inert gas, steam or nethanol vapor (not shown). The process
shoul d r epaegerctatiohimedium, greferabbyo gas commising axgen B0 Semperatates,
pressures, and residence times that are capable of burning coke off of the catalyst and
down to a level of less than about 0.5 wt%. The preferred temperature in the
10 regenerator is in the range of from about 550°C to about 700°C, the preferred oxygen
concentration in the gas leaving the regenerator is in the range of from about 0.1 vol%
to about 5 vol%, and the preferred residence time is in the range of from about 1 to
about 100 minutes.
The burning off of coke is exothermic. The temperature may be maintained at
15 a suitable level by any acceptable method, including but not limited to feeding cooler
gas, cooling the catalyst in the regenerator with a cat cooler 26, or a combination of
these methods.
The regenerated catalyst 28 is sent to the reactor 14, where it mixes with the
recirculated coked catalyst 22 and the methanol feed 12. The regenerated catalyst 28
20  may be lifted to the reactor 14 by means of an inert gas, steam, or methanol vapor (not

shown). The process should repeat itself in a continuous or semi-continuous manner.

The hot reactor product gases 20 should be cooled, the water byproduct condensed



The hot reactor product gases 20 shoul d be cool ed, the water byproduct
condensed WO 99/ 01219

13 and col |l ected, and the desired ol efin product ga red for
further pV@IROB Ry In order to determne théqﬁg®§§8%64coke
in the reactor and in the regenerator, smal | sanpl es of catal yst
periodically nmay be withdrawn fromvarious points in the -
recircul ati ng system for nmeasurenent of carbon content. The reaction

parameters may 5 be adj usted accordingly. The foll ow ng
exanples illustrate, but do not limt, tiBe present invention.
Exanple 1 A continuous circulating fluid bed reactor was

charged wi 43 i#&d olefin product'Pise§ ratBvers® gt Yuihd a
m xt ure of %%Pgi%ﬁ&ﬁgﬁm%g%t%gbt a?r?ed p]{c; gr%y\%@ ' Des ’ 10 %l?gﬁ%{_e?ﬂxﬁ%l I noi s)

100 m crone. 1 n ras opfEiethY LR LoREH QRFelRiran l bloptlndt i

of 900 grans/ hour, and v pog;'zed in,&’épreheater., The ,vaporized feed
was i xed mall samplss of catalyst periogically may bg withdravay fromvadeyspajts m¥ed fed to
a reactor with a 1.02 cm (0.4 inch) inner di aneter and a | ength of

6. 71 et er geéigildtingtsystesilfonmeaiiteridnt laf canben lcontent. Skife/reactionfparatieters miayr ogen
was used to lift the catal yst and keep pressure instrunments clear of

catal ys§ beadjust{é&%érdiﬁ@?ﬁ nitrogen m xed with the nethanol and catal yst
in the reactor. The tenperature in the reactor was naintai ned at

450[ err] C by ne electric,heat T - effluent fromthe
reactor fl owed ?ﬁﬁ%%ilf’wlﬁpeéﬁafnp\!ﬁ’?éﬁg?{aﬁee b‘(%g&%m/‘slwlﬁé%e P’Sﬁ%\?&ﬂ % ¢ he
product gas. The catal yst was contacted with nitrogen in the bottom of the
stripper to 20 recover volatile hyéxaspledons fromthe catal yst. The
stripped catal yst was sent to a regenerator, where the catal yst was
contacted w th aArdontinueusaircnlatingfleid bed dearior. wakhvharged with 3200 g of catalyst,

which was spray dried from a mixture of SAPO-34 powder (obtained from UOP, Des

10  Plaines, Illinois) with alumina and clay binders having an average particle size of 90-
100 microns. In three different tests, neat methanol was charged at a rate of 900
grams/hour and vaporized in a preheater. The vaporized feed was mixed with 20,000
to 25,000 grams/hour of catalyst, and fed to a reactor with a 1.02 cm (0.4 inch) inner
diameter and a length of 6.71 meters (22 feet). About 268.21 liters/hr (7 scf/hr) of

15 nitrogen was used to lift the catalyst and keep pressure instruments clear of catalyst
fines. The nitrogen mixed with the methanol and catalyst in the reactor. The
temperature in the reactor was maintained at 450°C by means of electric heaters. The
effluent from the reactor flowed to a stripper, where the catalyst was removed from the
product gas. The catalyst was contacted with nitrogen in the bottom of the stripper to

20 recover volatile hydrocarbons from the catalyst. The stripped catalyst was sent to a
regenerator, where the catalyst was contacted with a mixture of nitrogen and air. The

temperature in the regenerator was maintained at 620°C with electric heaters, and the



tenperature in the regenerator was maintained at 620[err]C with el ectric

heaters, and the WO 99/ 01219

PCT/ US98/ 13404 14

air rate C¥A¥OBA%varied to adjust the coke I evel on the re§SRMSEY Y04
catal yst. The catalyst fromthe regenerator was returned to the
reactor, where it mxed with the nmet hanol feed. The process repeated
itself in a continuous manner. The hot reactor . product gases were

cool ed, and the water byproduct condensed and collected. The 5
hydrocarbon gases were separated fromthggwater and anal yzed by GC. The
flue gas fromthe regenerator was anal yzed for oxygen, carbon

nonoxi de, a Qi 6 9 : 0 a dry
test neter. r%rr%ﬁ sarrg g@sﬁégi]f'tocag{ug t}‘% tca§£lre;elglebnrt?1E Fe e?ﬁa{oggiacg%?ﬁg W‘? hdr awn
fromboth the stri.pper, and the regenerator. for neasuyenent, of . car bon
content . Bas‘@@iﬁﬁ ﬁb@@ TEgRRSTAY, r§t,“r‘?‘?ﬁiet°);f‘%fe@°'(9f" ‘ﬁi;?fﬁ U(ﬂ“&‘?é Withitheyi ng
coke, 10 wer e cal cul at ed. ] . Intest 1, the air rate was set
so that nearmsthanal fegd. tFhe nraedss repsated itselfiatastontinuoussmanner. The kotoeantiordur i ng
each pass through the regenerator. The carbon content on the catal yst

| eavi ng the prodedt@asesaser® cbolel dndahélwalee byodiccdh@énséE amvesfieated. THE 0. 2
wt % of this carbon. The selectivity to ethylene was 10.8 wt % and t he

sel ectivity gy(ar&ﬁ?a/dn%s@s*@erejs;é%artatggiﬁ%éﬂ‘ﬁé vidterantl! 0%‘29%09}’?' ¢ “fh(@ﬂuergg§ or Was

respectively. , the air ra regene

reduced so that .all of the catal,yst was onl artially, regengrated
at each pas _onm@e EEPRPAlop YVas ﬁ@ﬂéepcfﬁﬁ e "@{SA‘T% '95‘?‘;3’“53’ aid c%h‘é‘} %839@6:,
eventual |y reaching a steady state such that carbon was renoved at the sane
rate that itangkthe mipdus megsured in ;dgy tesimater. tSmealbsantples of vatalystweret to t he
regenerator was 20 5.5% and the carbon content of the catal yst |eaving

t he regener aperiodivally withvawh®om both the stippeciridiht Yegdefieratdr fbomeasuriaieay 8g t o
26.7% and the selectivity to undesirabl e heavies

carbon content. Based on these measurements, the yield of products, including coke,
10 were calculated.

In test 1, the air rate was set so that nearly all of the carbon on the catalyst was
removed during each pass through the regenerator.” The carbon content on the catalyst
leaving the reactor Was 0.5 wt%, and the regenerator removed all but 0.2 wt% of this
carbon. The selectivity to ethylene was 10.8 wt% and the selectivity to heavies and

15 coke was 34.9 wt% and 14.3 wt%, respectively.

In test 2, the air rate to the regenerator was reduced so that all of the catalyst
was only partially regenerated at each pass. The carbon on the circulating catalyst
increased, eventually reaching a steady state such that carbon was removed at the same
rate that it was deposited. At this point, the carbon on catalyst to the regenerator was

20 5.5%, and the carbon content of the catalyst leaving the regenerator was 4.9%. The
selectivity to ethylene improved to 26.7%, and the selectivity to undesirable heavies

decreased to 17.9%. The coke yield remained relatively unchanged at 13.6%. The



decreased to 17.9% The coke yield remained relatively unchanged at 13. 6%
The WD 99/ 01219

5 net hanol conversion was 91. 3% show ng a decline | at al yst
activity @981 %%, coke on the catal yst. IPET}[E&”’?’G?‘Q? 3,
t he net hanol feed was stopped and the circul ating catal yst was

allowed to be fully regenerated (down to 0.15 wt % carbon). Then the air “to
t he 5 regener at or was st opped, the nethanol feed was reintroduced, and

coke was al | oned to build up on the catalyst w thout regeneration
for about 5 hours. The carbon content 15 on the circul ating catal yst
after 5 hours was 5.8% At this point, the selectivity to et hyl ene
had i mpr ov egkthahoB convePsion WA 9NS% isRewngl aSdeclintd in\thd\Btajlt'ak: &f#]; to

13. 4% - and the selectivity to coke was reduce#ptgﬁﬁ%’/g gﬁgoke

yi el d was e m 10 measurenents of the carbon accunul ati on on
t he cat al y%?kgéé?ﬁ%%éhggévi ous hour on oil. The conversion at this

poi nt was 89. 9%_ show t hat the catalyst had roughly the same
activity as the IBé‘P%Wyg{ge ’Pﬁgﬂ%‘[‘l“@.was stopped and the circuigting Gatalyst was 3, t he
reactor was returned to the same operating conditions as in test 1,

and then t @allowed tabefullytragensrated (dosvrsiodhtS wtih qartmah)ic Theti thedir teskent i al |y
15 were the sane as the original yields in test 1 and 2 after a total of

150 howy's qegevetator was stopSetl) the \ethRdd] féddtwiiRittlodudial ﬁxlféﬁke%m%rk@e
Col um 4 cal cul ated

effect of catal yst aging. represents a ca

product sel 1Y f ' [ o usi ng, t he, present
rvent i on, pocishupien i a8 TG Yaen BREOE For spout s bty g il ESrion
that 10% of ntége met hanol is caonverted over freshly regenerated catal yst
(sel ecti vi t4ngd8e clzwlafmga@éﬂmiaﬁgfééov@é*(aﬂ%ii%a:m this poindthe selentivdpse of t he
nmet hanol is converted over coked catal yst (selectivities according
to test 3).ethjheneduddmpeaved te 854854, the heaviesaelectiviiyghds further reduced to 13.4%,

and the selectivity to coke was reduced to 4.1%. The coke yield was calculated from

10 measurements of the carbon accumulation on the catalyst over the previous hour on
oil. The conversion at this point was 89.9%, showing that the catalyst had roughly the
same activity as the catalyst in test 2.

Following test 3, the reactor was returned to the same operating conditions as
in test 1, and then test 2. The methanol conversions and product yields essentially

15 were the same as the original yields in test 1 and 2 after a total of 150 hours on oil,
showing that the results were not simply the effect of catalyst aging.

Column 4 represents a calculated product selectivity for a commercial reactor
using the present invention, based on the data from Tests 1 and 3. Column 4 assumes
that 10% of the methanol is converted over freshly regenerated catalyst (selectivities

20  according to test 1), and the remaining 90% of the methanol is converted over coked
catalyst (selectivities according to test 3). The calculated selectivities are slightly-

worse than the results of test 3, but still are significantly better than would be obtained



worse than the results of test 3, but still are significantly better than

woul d be obt ai ned WD 99/ 01219

16 if the catalyst was only partially regenerated, as in test 2:
Test No. WO9901219 ] 2 3 4 &?gﬂ%mlamd)
Regener ati on Mode Compl et e Parti al None Conpl et e
regenera- regeneration of regeneration -
tion of all all of the of a portion

of the cat al yst of catal yst

cat al yst Car bon on catal yst 16 0. 5% 5.5% 5.8%
5.3% 5 | eavi ng reactor Carbon on catal yst 0. 2%

4. 9% : ) 9 g regenerator

Vithanol b e oatafise was qply paridif generatpd, ag it 20 1 €gENCT S 90. 7%
Sel ectivities*: 10 Hydr ogen 0.1 0.2

0.1 0.Test No. 1Met hane 2 3.8 4 (calclﬁaﬂed)
4.0 3T et manc W

0.9 Regederation Mode | Comipletel ene Partial 10N®ne Comﬁletk
35.0 32.6 regeneraparregenerationof 5.1 regenepation
0.2 0.7 15 tidd' oAl ene all of the 16.0 of a Bértidn
27.5 ' 26. 4 of thBUt €NEeS catalyst 14.9 ofcata%ﬁt 0
14. 1 14. 2 catalvseavi es 34.9 7.9
13. 4 15.6 err| 0.3 0.1

0.6 Clrlfon on catalyst | 0.5%ke 55%  14.33% 539%

4.1 ealmfé)rea tor OC|€Ctivities" are on a wat er-free basis

The foregoing resul®s G&fons]rated that coked catal ysts (-5% on catal yst)

Carbon on catalyst 0.2% 4.9% 5.8% 0.2%
leaving regenerator '

Methanol conversion 97.8% 91.3% 89.9% 90.7%
Selectivities*:
10 Hydrogen 0.1 0.2 0.1 0.1
Methane 3.1 2.1 4.0 39
Ethane 04 0.5 0.9 0.9
Ethylene 10.8 26.7 35.0 32.6
Propane 5.1 0.7 02 0.7
15 Propylene 16.0 244 275 26.4
Butenes 149 14.0 14.1 14.2
Heavies 34.9 17.9 13.4 15.6
Co, 03 0.1 0.6 0.6
Coke 14.3 13.6 4.1 5.1
20 *“Selectivities” are on a water-free basis

The foregoing results demonstrated that coked catalysts (~5% on catalyst)
achieved higher selectivities to ethylene and propylene than catalysts having coke levels
less than 1%. The results also showed that totally regenerated catalyst which was

25  allowed to accumulate coke achieved higher selectivities than catalyst that was partially



achi eved higher selectivities to ethylene and propyl ene than catal ysts

havi ng coke | evel s | ess than 1% The results al so showed that
totally regenerated catal yst which was 25 allowed to ac§ ggstn%‘&oke
achi eved M2 ectivities than catalyst that was partia ﬁ?ﬁ WO
99/ 01219 17

regenerated to reduce the sanme coke to the sane |evel. These results are
consi st ent with the theory that partial .regeneration of coke
selectively renoves coke that is bl ocki ng undesirabl e surface
reactions that formpropane and (Jerr] dterials. The reactions that

sel ectively nmake et hyl ene and propyl ene occur in the small pores, and the
5 coke tregénepated tateducsthersameeske pothesams level e THesefresuliistard consisrenve t han

the outer surface (macropore) coke. Wien a "clean" catalyst is
al | oned t0 GRK the thBSyGRAtDafeA 28deneration of colfeleBlivelyréntbveSBEkeMRf 8 sur f aces
than in the mcroporés, slow ng the non-selective surface reactions,

ol can - catipges Shacsifib SRR aaRhER! irkl iSpdBlana G e e oy oy o

10 eventual | y becones inactive. The activity is restored by regeneration
with air, bigactionsithat selectively make ethylens prpaxleee&%ﬂuygtt%s@ PPiespandibe t o
renove as nmuch carbon as possible, and then all owed to coke up again
i n the §eactake.thaactumilates grethesapomres isahorerdifficult td sepiovedlan the outer sanfaget i n
US-A-4,873,390 to Lew s, was not nearly as effective at maintaining

ethyl ene  (macropdi€) SBKRPWREEa SEtAL datalysY isialloWB€ td Edi&e! ﬂfe-cokéa_egosits _
Based on thé foregoing, it was concluded that better selectivity to |ight

deci rabl e clite PEMEFRRPRE Rt A HYORRRLForbE Rofhh MTRIEHE | Cou o

si eve catal yst by tatal I%/ regeney at | ngl only-a ...paortion of the
cat al yst andHrfase fgactinps, shus acgeynting far the dmpioyed selectivitieaderd coked’ vsasuso t he
total reaction vol une.

“clean” catalyst. As more and more coke accumulates, however, the catalyst

10  eventually becomes inactive. The activity is restored by regeneration with air, but it is
important that the catalyst be fully burned to remove as much carbon as possible, and
then allowed to coke up again in the reactor. i’artial regeneration of the catalyst, as
taught in US-A-4,873,390 to Lewis, was not nearly as effective at maintaining ethylene
and propylene selectivity in the reactor.

15 Based on the foregoing, it was concluded that betfer selectivity to light olefins
can be achieved in an oxygenate to olefin conversion if desirable coke is maintained on
a total reaction volume of molecular sieve catalyst by totally regenerating only a
portion of the catalyst and returning at least a part of the regenerated portion to the
total reaction volume.

20 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



20 Persons of ordinary skill in the art will recognize that man
nodi fi cati ons may be made to the present invention w thout -
departing fromthe spirit and scope of the present invention. The
enbodi nenVQi#¥YR1%ed herein is meant to be illustrative onl§CT/USI?13404 '
18 and should not be taken as Iimting the invention, which is defined in
the following clains. 19- W
claim 1. A process for converting an oxygenate feedstock into
an olefin product stream wherein the oxygenate feedstock conprises at

| east one conpound sel ected fromthe gry?p consi sting of nethanol, ethanol,
n- propanol , isopropanol, (Jerr]-Cerr] alcohols, nethyl ether, dinethyl

her, di | L za1d : : . . A | fide,
et hyl a1t shpl ot Bt AP o Senic b BEGRA 7t BGRRg, 1)1 °°

chl oride, fqrmal dehyde, di-nmethyl carbonate, di-nethyl ketone, acetic acid,
n-al kyl ami®¥MS. n-al kyl halides, and n- alkyl sulfides, wherein the n-alkyl
groups conprise from 3-10 carbon atons, the process conprising: (a)
contacting the oxygenate feedstock with a nol ecul ar sieve catal yst under
conditions effective to convert the feedstock into an ol efin product stream
conprising CJerr]-Clerr] olefins and to form carbonaceous deposits on the
catal yst; (b) separating the catal yst having the carbonaceous
deposits into a portion and a renuai nder, (c) contacting the
portion with a regeneration medi umunder conditions effective to obtain a
regenerated catal yst portion; (d) m xi ng the regenerated catal yst
portion with the remai nder and (e) repeating steps (a)-(d).

2. A process for converting an oxygenate feedstock into an olefin
product steam wherein the oxygenate feedstock conprises at |east one
conpound sel ected fromthe group consisting of nethanol, ethanol,

n- propanol , isopropanol, Clerr]-Cerr] alcohols, nmethyl ether, dinethyl
ether, diethyl ether di- isopropyl ether, nmethyl mercaptan, nmethyl sulfide,
met hyl am ne, ethyl nercaptan,



di - et hyl sul f I de, di-ethyl am' ne, ethyl chloride, formaldehyde, di-nethyl
car bonat e, -nmet hyl” kétone, acetic acid, n-al kyl am nes, n-al kyl halides,

and n- aIk sulfld aIkyI groups conprise car bon
at ons, 0PN s amnmﬁm”"ﬂmm m xi ng together a regener a‘%/elé‘%‘

mol ecul ar si eve catal¥ystt and & mol ecul ar sieve catal yst conprising
car bonaceous deposits thereon, wherein  ghe m x

20 conprises greater than 2 vv[err]%ca bonaceous deposits based on the to

wei gth of {eading: and contacting the catalyst m x wi th oxygenate

f eedst ock Tmder—conditions effective to convert the feedstock into an

ol efin proguct str 0 enr I ef | 3. The
process of ijcI ai %ts %%nb%g% g‘gﬂ%%‘%“‘]rﬁ‘& g%rgpgsxgg wt % car bonaceous
deposits. - rogess of cl a| ns wherein the

regener at ed nol E‘B‘HW%?&G@ EANPTTNG GFYBIRES ‘Y‘té wans velumeoefigecous
deposi ts. The process of clains 1 or 2, wherein the
oxygenai e ﬂ@&tyiaocsr@wfpsca&aimmgucwdﬂhonshﬁff@awaltqsxrodﬂcz 3 gtream icomprisingct or .
6. The process of clainms 1 or 2, wherein the catalyst is at |east one

cat al yst stightcblefing,r oheiche sgiﬂotqnalcmaeﬁcﬁi volpne indhides AteBiralBGarboldceos T,
ATV, AWN BIK, CAS, CHA, CH, DAC, DDR,, ED FRI, GOO KFI LEV, LOV, LTA,

MON,  PAU, al?ﬁosuB'@lc:I%derTﬁQ cétﬁ!ﬁstsxﬁbl%tdelééh@dt&ﬁ@%&icﬁﬁﬁhﬁﬂﬁn the absence /-

The process of clains 1 or 2, whérein the catalyst is at | east one catal yst

sel ect ed f%?EQl&ﬁ@&%%‘%ﬁ&I%%&ﬁfsr&g 8{5, S, ZSM4, erionite, and

chabazite ess’of 'clains 1 or 2, wherein the

catalyst is at |east one . atalyst, sel cte fromt consi st
SAPO 34, SAPO- 1POR AGFuENaiorof Undesirable g°na°em9@°3§%g§%ve bt o 2,

wherein the catal Is.a I\/EA The process of clains 1 or
2, wher8in Wlﬂ\eczﬁf}gfe?ﬁt\'étyf é@és@e@mblp scathsmmlédiemlw agemaintainsdson faid at g
tenperature in the range of 200-700[err]C,

molecular sieve catalyst by a process comprising:

separating said total reaction volume of molecular sieve
catalyst into a portion and a remainder;
treating said portion with a regeneration medium under
15 conditions effective to remove said undesirable carbonaceous deposits,
forming a regenerated portion comprising from about 0 wt% to about a
regenerated amount of carbonaceous deposits; and
mixing said regenerated portion with said remainder, wherein
said regenerated amount of carbonaceous deposits comprises an
20 amount sufficient, upon said mixing, to produce a regenerated total

reaction volume comprising said desirable carbonaceous deposits.

2. The method according to claim 1 wherein said light olefins comprise C>-Cs
olefins.
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AVENDED SHET 21

11. The process of clalns 1 or 2, wherein the oxygenat e feedstock is
contacted with the ca”" u“ ll Hmressure in the range 5 to 1

00 MPa. WO95/01219 15 'm I claims 1 or 2, wher é’q"?#é’l g\?genate s
feedstock is mxed with a diluent corrprl sing at | east one compound sel ected
fromthe group consisting of helium ar n ni trogen, carbon nonoxide, -

carbon di oxi de, hydrogen, water, paraffi and aromatic conpounds
13. The pgoces ' : e
conpri ses n%t han/ﬂ“.g)fme%(ﬁi ﬁo}mﬁét‘?daﬁgcgtsgl% reac%g?lbg?/s em corrgxll °§| ng a

ri ser reactor i ng,a ort| and rti he bottom_portion
of the riseff 5%‘%%%‘5\/?% w@“f‘@é‘ﬂs eegargﬁxaacpﬁ\éspg f&%ﬁfﬁtesﬁl. Veoio Ierfieser
reactor being connected to a disen agln zone, the dlsengaglng zone havi ng
a first cat¥ithctatalyst actvily saidhdes enasgous denosils am satemed| omsaidt he
second catal yst discharge |ine being connect ed to a regenerator, the

r egener at or modechlag sigme cathlyst Hyosaid pjoeessicompaisinggener at i on nedi um and an
outlet line for discharging regenerated catal yst, wherein the first

cat al ystsdi scharge |ine andepdrstin@uishidt totahereadtionh&ol@ge nsfr aidlecdae sieve
connected to the bottom portion of the riser reactor. 15. The

catal ytic reactor sysmm,@im%@b&éﬁm&ﬁa%ﬁmdwe di sengagi ng zone
conprises at |east one cyc one separat or for separating catalyst from

pr oduct 16. C S ai ein

the cycl one separator has ngﬁlﬁé %}g‘% %&ggﬁar gtg é gggﬁgﬁgs{b‘r cﬁﬁ%‘?ﬂdy}g‘i ar ge
end, and the product discharge_end is connected uct outlet |ine at
a top portion of the &Pg aag?ﬂﬁ*‘gcnzs%femm said ‘{f?“a%lg?ﬂg%%‘iea}‘?fl?ﬂf’s} Bact or

system of claim14, wherein the disengaging zone is in fluid comunication
with a stripping zone fopping amgenseateshportion spyprisige feam ajeut 0wids e pbept a

| ocat ed bel ow the stripping zone.

ANMENDED 18HEET regenerated amount of carbonaceous deposits; and

mixing said regenerated portion with said remainder, wherein
said regenerated amount of carbonaceous deposits comprises an
amount sufficient, upon said mixing, to produce a regenerated total

reaction volume comprising said desirable carbonaceous deposits.

15
4. The method according to any one of the preceding claims wherein said
regenerated portion comprises from about 0 wt% to about 0.5 wt% of said
carbonaceous deposits.

20 S. The method according to any one of the previous claims wherein said

desirable carbonaceous deposits include an amount of from about 2 wt% to about 30

wt% of said total reaction volume of said molecular sieve catalyst.
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22 Thé cat al yt|c reactor systemof claim17, wherein the

stripping zone |s | oc e di sengagi ng zone. 19. The
catal yti cwpeyg ﬂ; sysamﬂ "' i"”r"i’i ere| n a catal yst com®Usdsfi3404
connect ed e’ regeneratror. The catalytic reactor system
of claim 19, wherein the outlet I|ne of the regenerator is connected to_the
catal yst cooler, and the catal yst cool epjconprises a first catal yst

di scharge line coupled to the first catalyst discharge line of the

di sengagi n@. zon&heanmtiods accordingatoa byg tondi of [the grevidne dlaits! adheiein tsail
regenerator for recycling regenerated catalyst to the regenerator.

AMENDED  SHigfdlecular sieve catalyst is selected from the group consisting of small pore molecular

sieve catalysts and medium pore molecular sieve catalysts.

5 T The method according to any one of the previous claims wherein said
molecular sieve catalyst is selected from the group consisting of: zeolites having a
structural type selected from the group consisting of AEI, AFT, APC, ATN, Aﬁ,
ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR, EDI, ER], GOO, KF], LEV, LOV,
LTA, MON, PAU, PHI, RHO, ROG, THO MFI], MEL, MTW, EUO, MTT, HEU,

10 FER, AFO, AEL, TON and combinations thereof; and silicoaluminophosphate
(SAPO) catalysts selected from the group consisting of SAPO-17, SAPO-18, SAPO-

34, substituted SAPO's comprising MeSAPO's, and combinations thereof.

8. The method according to any one of claims 1 through 6 wherein- said
15 molecular sieve catalyst is selected from the group consisting of ZSM-5, ZSM-34,

erionite, chabazite, and SAPO-34.

9. The method according to any one of the previous claims wherein said

molecular sieve catalyst is SAPO-34.
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