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[0003] U.S. Patent No. 4,677,242 (Kaiser) describes the use of a

silicoaluminophosphate (SAPO) molecular sieve catalyst for converting various

oxygenates, such as methanol, to olefins. According to the patent, the SAPO
catalyst is an extremely efficient catalyst for the conversion of oxygenates to
prime olefin products when the feed is converted in the presence of a diluent. The
diluent used has an average kinetic diameter larger than the pores of the SAPO
molecular sieve. The selected SAPO molecular sieves have pores that an average
kinetic diameter characterized such that the adsorption capacity (as measured by
the standard McBain-Bakr gravimetric adsorption method using given adsorbate
molecules) shows adsorption of oxygen (average kinetic diameter of about 3.36
angstroms) and negligible adsorption of isobutane (average kinetic diameter of

about 5.0 angstroms).



about 5.0 angstrons).[0004] U S Patent 6, 316, 683
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olefins at increased efficiency. In particular, the invention provides for methods of

protecting the catalytic activity of catalyst so that the life of the catalyst is not
unduly shortened.

[0008] In one embodiment, a process for protecting catalytic activity of a
silicoaluminophosphate molecular sieve is provided. The process comprises
regenerating catalyst particles that contain the silicoaluminophosphate molecular
sieve, followed by mixing the regenerated catalyst particles with coked catalyst
particles to maintain the catalytic activity of the mixed catalyst particles at a

predetermined level.



predeterm ned | evel .[0009] In an enbodi nent, the
regenerated catal yst particles are m xed wth coked
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The regenerated catal yst particles have an average
coke | evel of less than 1% by weight relative to the

P! o RO SHIBLA e Bl ARtk L v
tdmkectcﬁkdgstqmﬁaﬂqs ot ptanperdtes dfdess than éﬁ@?(agﬂomaieelrably from

| % k b | at to th
BP0t ThabSRupsicl; B FoemtorhiBt dabonye] pisslee g g average
|d’(‘>k@[8%h@ﬂ' leSyiped| 1'%"1‘)5/ wélgﬁt 1%%1%@ t& A A¥ht QPﬁfoléEh%? sieve in

have an average coke'| evel of | east 7% cok
ehpeadd i petticldsepradtrablydessahansd. Z%rtl cl es have an
average coke |l evel not greater than 18% hi another

e[ﬂ@tﬁ]i ment Intanecmbkdithanit the yslkeg avatalysit qmrthacwehm an average

346t R G Gemn o ool R BebFetan &ty S e o meloprsiove

alﬁ HRVAREAEE paik R s %%oih@ﬁ&mb@dlﬁﬁaﬁlt rﬂﬁéjc@ééd%a{ batticl8s have

and an upper limt selected fromthe val ues above.
Pheveragh coke fene obaidedst gl eelee lnfant ¢rebodingents that @ﬂted catalyst

I at._m xing is,at.least 5%0 t
%Pec Ile%'f ﬁ%‘ﬁe LorEF™ %Su %?]Vstlevﬁ r19tc Ig]ée§ e ﬂ’@ gﬁ?‘ﬁ ' another
penetodinadalt,ythe Tcokéd caamsapatitied @Uvé an WO ULOTcokd E=vRR ﬁ§t greater
at{%ow rate_of the coked catal yst particles. &0011

# 636 aly sl ranptherkepbedinsik ithe woked cawlyst par Sc@we an
faEd @rcolgé)@él' that §9 Hlaﬁﬂ&i Bgﬂeclt ]ﬁ@x%ﬁ nﬁ{lﬁ‘t&ﬁ% q%pgley ¥imit selected

partfcles prior to mxi e coke
deom ihel \eames lébmveexﬁrqfd:rablﬁ the niasg€loer mteol thatragemtated particles

rti.cl es can by _cont acting the regenerated
50 it B SSatEE S5 SE T POt B RRE O e A RpARCTes, and
th&e b?&@rﬁ@l@% ROG6AL eﬁJoﬁ? 50Rab1I0BYESF GRMAS HWP&% 8 B coked

the coked cCatal yst particles in an atnosphere

cetalyst partigenn oxygencont ai ni ng gas, such a s nol ecul ar
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[0012] In another embodiment, the regenerated catalyst particles can be
mixed with the coked catalyst particles in an atmosphere containing an oxygen-
containing gas, such as molecular oxygen or steam. Preferably, the atmosphere
contains at least 1 mole percent of the oxygen-containing gas, and more preferably
contains from about 5 mole percent to about 20 mole percent of the oxygen

containing gas.

[0013] In an embodiment, the regenerated catalyst particles are
regenerated in a regenerator that is part of a reactor system for converting

hydrocarbons to olefins. In such a reactor system, the regenerated catalyst



regenerated in a regenerator that is part of a reactor

system for converting hydrocarbons to olefins. In such
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greater than 90% conversion, at a CMCPS value from about 20 to about 25.

[0016] In an embodiment, this invention maintains the selectivity of the
mixed catalyst particles at above an average prime olefin selectivity value of
72.0%. Preferably, the selectivity of the mixed catalyst particles is maintained
within 1% of an average prime olefin selectivity value for a sample of catalyst

particles that does not contain deactivated catalyst.



within 1% of an average prinme olefin selectivity val ue

for a sanple of catalyst particles that does not
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Si i coal um nophosphate Ml ecul ar Sieve [0021] This
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[0019] FIG 1 depicts data on the conversion efficiency for molecular

sieves that have been exposed to various process conditions.

[0020] FIG. 2 shows the rate constant for the conversion reaction using the

three different catalyst samples.

Detailed Description of the Embodiments

L Protecting Catalvtic Activity of a_Silicoaluminophosphate Molecular Sieve

[0021] This invention is directed to methods for protecting
silicoaluminophosphate molecular sieve particles. This is achieved by preventing

exposure of coked catalyst particles to temperatures higher than conventional



si li coal um nophosphate nol ecul ar sieve particles. This

i s achieved by preventing exposure of coked catal yst
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conventi onal tenperatures forgthe oxygenate to olefin

reaction when there is no source of gas phase oxygen.

I n an enbodi nent, catalyst particles that contain
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relative to the weight of molecular sieve material in the catalyst particles, more

preferably less than 16%, and most preferably less than 13%. In another
embodiment, the non-regenerated particles contain from about 7% to 13% coke by
weight. In still another embodiment, the amount of coke on the catalyst particles

is between a lower weight percent and an upper weight percent selected from the

values above.



IS between a | ower wei ght percent and an upper weight
percent selected fromthe val ues above.[0024] In one
wepdsaisment , catal yst particles that are regeneCHUSH05/001702
are exposed to an excess of _g@xygen during
regeneration. Preferably, when catalyst particles are
exposed to an excess of oxygen during regeneration,
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average coking level wthin the reactor system |n one
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arggenrerpa%etd Bgr?lgl%g ?1? ltﬁe zf}égelneerg’csetd Sgr%/{)clel Hov%ni(s)tsré?ercted to maintain a
desired average coking level within the reactor system. In one embodiment, the
mass flow rate of regenerated catalyst particles during mixing will be at least 5%
of the mass flow rate of the coked catalyst particles, preferably at least 10%, more
preferably at least 20%, and most preferably at least 30%. In another
embodiment, the mass flow rate of regenerated catalyst particles will be less than
200% of the mass flow rate of ‘the coked catalyst particles, preferably less than

100%, more preferably less than 75%, and most preferably less than 50%.



enbodi nent, the nmass flow rate of regenerated catal yst
particles will be | ess than 200% of the mass flow rate
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100% nore preferably |ess ishan 75% and nost
preferably | ess than 50%[0026] If the regenerated
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i SirtethPertBicds DbRYSINE Feddbld ©,6Hi 1 REeNRhRdVal-Calka et the
particles and coked catal yst particles to a fl uidized
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articl re mxed with coked catal yst particles in
Eﬂn%wo’fg%ﬂgftﬂén%ﬁ? af patHiglensueiz as by 8 sEIDRHIEPIPESSEent  of

an oxygen contai ning gas, preferably at least 1 nole

BURSENt | mevcsogngr tor il gmbedimanss the Tegenerajed cetelyst padicles
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regener at 52 'eshre pre

mdlé peﬂ:lemdof:an aalxygetn qardinia emsi !pre‘ferablynﬁlshhar € mole percent,
%90% %retlera%ly gt Eeast cr)nor{D perc%gtr Cz?nn m%fst %referably at least 5 mole
percent. The regenerated catalyst particles are preferably mixed with coked
catalyst particles in an atmosphere containing up to 100 mole percent of an
oxygen containing gas, preferably less than 30 mole percent, more preferably less

than 20 mole percent, and most preferably less than 15 mole percent.

[0029] One method of measuring the degradation of catalyst particles is to

determine the Cumulative grams of Methanol Converted Per gram of Sieve



oxygen contai ning gas, preferably |less than 30 nole
percent, nore preferably |less than 20 nol e percent,
w@nasots4 preferably | ess than 15 nol e per cent PCT/08283/001702
One net hod of neasuring theodegradati on of catal yst
particles is to determ ne the Cunul ative grans of
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greater t conversi on at 0 e cata

| thitedatalgst phttichdlaad prefierablye geatdattear A0%Acon@erspmsatt hadf of the
of I\/beIa ul ar Sieve Catal yst [0030] The nol ecul ar

et IEF‘é‘&?'i n the present invention are preferably

silicoal um nog_hosghat,e (SAPO nol ecul ar sieves or

nikt al 1 nol ecul ar sieves. In an

enbodi ment, the nmetal is an alkali nmetal of Goup IA
oh- t heCorapasgipnol MeleeularSigvedpatalyst an al kal i ne earth

metal of Goup IlA of the Periodic Table of Elenents,
d0030]e ear tThenmoletulef siyeswsed By theptagehitrigvertiion are preferably

Lant hani.des: | ant ceri raseod .

e ftosmiiR (SREE) BRRGHE SRR R, T Tbsitpled SAPO
Y SREGS Hesh®h Bh eMbo@iikink the hivmliisigh alatiahbblsT @Rshp 1A of
[utetium and scandiumor yttriumo f the Periodic

Tthi | RerieflicETabie of Flements.apis jatkabine naarth) metal ofogpsip) B, of the
R Ty S
| Darcinides ef Rithedurerbogiumgnt praddodymiim) heodyeliemt edamarium,
L e A s
Ie{hdaﬂl%tnﬁ{; Rleel&nigeh or yitrium of the Periodic Table of Elements, a
transition metal of Groups IVB, VB, VIB, VIIB, VIIIB, and IB of the Periodic
Table of Elements, or mixtures of any of these metal species. In one preferred
embodiment, the metal is selected from the group conmsisting of Co, Cr, Cu, Fe,
Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and mixtures thereof. In another preferred
embodiment, these metal atoms discussed above are inserted into the framework
of a molecular sieve through a tetrahedral unit, such as [MeO,], and carry a net
charge depending on the valence state of the metal substituent. For example, in
one embodiment, when the metal substituent has a valence state of +2, +3, +4, +5,

or +6, the net charge of the tetrahedral unit is between -2 and +2.



enmbodi nent, these netal atons di scussed above are
inserted into the framework of a nol ecul ar sieve
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a net charge dependi ng on t-he-val ence state of the
nmetal substituent. For exanple, in one enbodi nent,
when the netal substituent has a val ence state of +2,
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greafes than q 3o ebows 0725, w ik én fheonge OF fram 0.4Lf0 §.5i snd zdsnin the

Qagr% E?erent 0. Z?E(gOér hl%reo%{?fnﬁ 3 tDS%?fgt Iq.[{ﬂo(gz# hsrf[r]omrz) 01 to

§12eye$frhm(b4m10.SJainﬁlzmﬁbhm.@io 0g. greater than about
0.5, preferably not greater than about 0.3, nore

poos2er abl y inehe @habiRient, HAS sﬂfé@!ﬂun@ing hcﬁghéc}le IH&E&II&I‘ sieves
referably not greater than about %
E?Efaélr%z@r\l\fraﬁetof gplgreder tilﬁiaabtalb ous, Iﬁefbrabllymairm’edttelr than about

fficientl
g{ﬁ?%\%r %gf?rﬁ%:&eas eg[éé%’ltert Aty ?Dog§gc# SHilk go ’(’)’“’fppl‘/3 ﬁy not greater
ﬂmheahoh’alo 15, emé. m&tqfrefeﬁbl}y noft B@eater than about 0.1. In anoctlher
an

é:oal u ggsp ate npl ecul ar sieves contain Si
Rnbafinnt dhe SUM Thko IscdheiaRbUbl 2, BoBlowdoeinsrtet anbiytic
Qétlvllt?%gtth%‘gﬁ%u%g g ve. aﬁ%‘feﬁ@ﬁ% tﬂé%glgcggﬁllr%ngél%o éi‘ébmolecular

preYescohtain §i a\de:él asefatid ofiatrieasn abbu’[ QOGS ,afi6reQfrefrably at least
of S AP APO- 1|, SAPG- 16, SAPO

%’fw gﬁi@ %RE’%P %15 %E%a@iut ‘iﬁ@o 34, SAPO 35,

E@E@ 36, S O 37,. SAPO- 40, SAPO-41, SAPO- 42, SAPO 44,

47, S p@}lg\@’tm&ﬁaarﬁg@gﬂo SAPO molecular sieves useful hereln

include one or a combination of SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-
17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37,
SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, and metal
containing moleculay sieves thereof. Of these, particularly useful molecular sieves
are one or a combination of SAPO-18, SAPO-34, SAPO-35, SAPO-44, SAPO—56,
AIPO-18, AIPO-34 and metal containing derivatives thereof, such as one or a
combination of SAPO-18, SAPO-34, AIPO-34, AIPO-18, and metal containing
derivatives thereof, and especially one or a combination of SAPO-34, AIPO-18,

and metal containing derivatives thereof,
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' hi s i ti tionally contains
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[BRERS; i Rt b R e o ld tete caiporisiiaipyavention
UptioRaMPEStAndBinGEr Fhd AREHOMaRHARE The Brh ARt i made

The slurry ) C
by mixing together molecular sieve crystals (which includes template) and a

liquid, optionally with matrix material and/or binder, to form a slurry. The slurry
is then dried (i.e., liquid is removed), without completely removing the template
from the molecular sieve. Since this dried molecular sieve catalyst includes
template, it has not been activated, and is considered a preformed catalyst. The
catalyst in this form is resistant to catalytic loss by contact with moisture or water.
However, the preformed catalyst must be activated before use, and this invention

provides appropriate methods to protect the activated catalyst from significant

deactivation.



is then dried (i.e., liquid is renoved), w thout
conpletely renoving the tenplate fromthe nol ecul ar

W@ @307806i nce this dried nol ecul ar sieve cat al BGI/US2005/001702
includes tenplate, it has nap.been activated, and is
consi dered a preforned catalyst. The catalyst in this
formis resistant to catalytic |oss by contactlvvith

ure or >at. .
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silica-zirconia, silica-titania, silica-alumna and

$0039t a- al uin ae teniddanelt0838)x Matends e eltFBINElays, such as
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thpse +izom | the stamilissopk monimeionite apdl Keabni nThaysesatural clays
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pncl u |te i te, ite,. nacrite, or
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nmat er as’ 1o
been previously used 1n a catalyst formulation.

[0040] In a particular embodiment, the matrix material is a clay or a clay-
type composition, preferably a clay or clay-type composition having a low iron or
titania content, and most preferably the matrix material is kaolin. Kaolin has been
found to form a pumpable, high solid content slurry; it has a low fresh surface

area, and it packs together easily due to its platelet structure.

[0041] Preferably, the matrix material, particularly clay, and preferably

kaolin, has an average particle size of from about 0.05 um to about 0.75 pm; more



been previously used in a catalyst fornulation. [0040]

hi a particul ar enbodi nent, the matrix material is a
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other, materials, to forma fornulated cataly

O datreinn 0xids solsi i onp guibedimsneof e mva:ems ﬂnenbmdq:els an
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Iurorgamc em'ide dolmsrttonoérteﬂhﬁtol anvesghtie oxideenbirik@mpose@which
al um nlng sol réIﬁ)lrefer ny al um ni um
n

¢hl Wﬁf At %lf ectigoniic APEIRE NS, 944@11?410%11@!5&9}11@1 oficye catalyst
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conmponent, which Is particula ective in formng
andvex dellvecingrbeas tightzrensi eve catalyst conposi tion. For
exanple, an alumna sol wll convert to an al um nium
30043 mat r iAduﬂlhiihmvwhiqohﬁﬁhtet raehydi‘eﬂjllate{dolﬁ)}ﬂiﬁinnum based sol
Al um ni um rohydrate, .a_hydroxyl ated al um nj

FRRETIRS © 8ﬂ SPOHI 191 AP driPyd 2 GlwpErUm shlorghndsol, has the
?g@&@l Bem@khum ni um chl orohydrol, has the general

ormula Al On(O—|)OCIp X(H20) wherein mis 1 to 20, n

is 1 to 8, o is OA Q)ﬁﬂH%iﬂ2x¢PC§5 and x is O to

30. hi one enbodlnent

7 ) desc
SHRSHRERASAL 90160, A3 bSR30 1o on
pabedinidh- &1é4b1nEérSSVAEl§O4(OH)24Cl7 12(H20) as is described in GM.
Wolterman, et al.,, Stud. Surf. Sci. and Catal., 76, pages 105-144, Elsevier,

Amsterdam, 1993. In another embodiment, one or more binders are present in
combination with one or more other non-limiting examples of alumina materials
such as aluminium oxyhydroxide, y-alumina, boehmite and transitional aluminas
such as o-alumina, B-alumina, y-alumina, 8-alumina, e-alumina, k-alumina, and p-
alumina, aluminium trihydroxide, such as gibbsite, bayerite, nordstrandite,

doyelite, and mixtures thereof.

[0044] In another embodiment, the binders are alumina sols,
predomiinantly comprising aluminum oxide, optionally including silicon. In yet

another embodiment, the binders are peptised alumina made by treating alumina
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%i‘é’?ér}hq“ he vtréq%tlrhﬁw lofl thd bfader & I8 rm%%'lﬂgae { Qsoé/?lcallg from

erethec st conmp osition contalns a
heltSr fox 1ifmtsech ad fronhé l\ﬂeﬁoghﬂ nad lpartmfllaﬂbefrbrmdiﬂﬁrtd 0:5t hﬂ“he

t [ 5t0,1:5 ch as
PR Tan ey S bptehugiofing Boqul ab B el b Bt 20908 wélgh,
Slhh amotitabedt 3% ibgewelglﬁ tB )éBblﬁaid%/b R IRD aHd %%’Pcﬁbéﬂé/ from

ht to about 30% by weig such as from about 5%

\é@) Y9y W@gﬁb@mbozo%%ybwe@w based] opatheitotal avdight of the
Hn‘?i@}, the molecular sieve and matrix material. It has been found that a higher
sieve content and lower matrix content increases the molecular sieve catalyst
composition performance, whereas a lower sieve content and higher matrix

content improves the attrition resistance of the composition.

[0047] In general, the amount of binder and/or matrix material is such that
the formulated molecular sieve catalyst composition contains from about 1% to
about 99%, such as from about 10 % to about 90%, such as from about 10% to

about 80%, for example from about 20% to about 70%, and conveniently from



about 7% by wei ght to about 15% by weight, based on

the total weight of the binder, the nol ecul ar sieve
w@easoeosd X material. It has been found that aP¢i/gkmns/001702

si eve content and | ower matrisx content increases the

nol ecul ar sieve catal yst conposition performance,

whereas a | ower sieve content and higher matrix

CAMOLEDS %I IBPALRVE S0%NBy Selgtt tdraRe méoﬁla%?&e%?geg%n the total
conp05|t| on. [0047] In general, the anount’ o

avegof e formulstedanolagulirsievgshtalysteongvsitioor nul at ed

nol ecul ar si eve catal yst conposition contains from

dAB64R] 1% t ThebouellecdBiy siswic oryatald rapmnaiveditwith) Bgui@, and the
ut 90 such %s from.about ,10%t o aboijt 80% for

ST anhs g sl RS e popniieral ishuhe e ae g o
fohanp bI‘-Hétc ks @E@Hé n@;@:@ 19>én%!r&|i’ta119fthé ?10 rt{{rr%| i§ Ctﬂéx%'ilghly

sieve, based o n the total weight of
rred ({paforsy dve Sblaltyal yidte oonpdkemign the{ @ﬁﬁ;ﬁjg, The better the

& crystals are mxed with liquid, and
lelsel%tglltll ona+ é/h%ﬂ/l i mat eri al and/ orI bi nder u3| ng
t t ech | ues  t slurry
3@@%92%%?2 ShE GEtREat e ohises 1014 OBt of o ebout
119) WivRro umBly 75 Wi 04, Sshséd oh AbIR WeGehs ok stufihe ﬁ%&‘@ra?ly the

t horough the stlrrlng the better the consi stenc
tSHBIYs e @y soljdg oepgitent rofofreme pbudi Hewt % thebehtud yvtr%s naore

SRRl AT ABRULGIR P 2040, M e o

slwmyr y Thassodids O;iohdﬁt cantNimeaburtd QBIngbait cddhtidhiiOmeans.
out 70 % nore preferably fromabout 20 t %to
3@%&’6’68 Q%M%%a@@dnwp‘f(% iy furpegegh paﬁfcutaﬂer preferred to

SR et -Egﬁswct&{t'vaﬁl e Q/Eﬁ@g re%ﬁ&i @iﬁ}ﬁe asured using any

conventi onal means. MAS 700 mi cr owave

f I ferred to
T 7 contifiolss @1% 4 @ tbé 58 Pt ookt formulated
00&)ar mevamatanet c@{t’@mﬁi rbtfmet and BRtrSd shfeialsed wels Bk 8o of
t he ?r at ed nol ecul ar si eve catal yst contains

BioRy et &g ﬂdl matsfERblyathesiuary wied o wrakgithe matdculapsicvematalyst
Qoﬂtaitng’ b%nd%r afd Sf858 lﬂ‘}:a}fenati he a‘%lzéf%ﬁtyrg flﬁlo%l gﬁﬁgtf)tr P% more

nol ecul ar si eve cat ySt cont al er an
mﬁf@ablall H toal :Qyeinghhost @t‘eferab]fy If:6 @11:1. Th chdes Whére BIiders are

10 to 1:2, t preferably 1:6 to
ol ARt Ykt o e hithertiest el b adudrt he
T&is‘?fu' ar il%o ?on'ponent itself acts as a binder.

ating the catalyst composition, the molecular sieve and
optional binder and/or matrix materials are initially combined in the presence of a
liquid to form a slurry typically containing from about 20 weight percent to about
90 weight percent, such as from about 25 weight percent to about 85 weight
percent, molecular sieve, based on total weight of the slurry. The liquid used to
form the slurry can, for example, be one or a combination of water, an alcohol, a

ketone, an aldehyde, and/or an ester, but normally will be water.

[0052] Liquid is removed from the slurry containing the molecular sieve
crystals to form a preformed molecular sieve catalyst. Preferably, the slurry is fed

to a forming unit that produces the preformed molecular sieve catalyst



[0051] hi formulating the catal yst conposition, the

nol ecul ar si eve and optional binder and/or matrix
woraiosnisabs are initially conbined in the presePCBEUS005001702

liquid to forma slurry typiigally containing from

about 20 wei ght percent to about 90 wei ght percent,

such as from about 25 wei ght percent to about 85

. “ . ¢ .
ARGRAIEN, O R M A, RS BB, Bl Lo
fdyere peligizer, exbuderecior b ¢ ordfemet pohodimenttths foraming unit is

alcohol . a.ketone, an al dehyde,. and/or.an. ester,. but
retyep St R af Beft PERLES LR pERineb yind pgess
thefesdbly, itye fo@mied Miing riigtaiiel Q€ bli@hp&haMesughidishEdoSrehfdve a
forma preformed nol ecul ar sieve catal yst. Preferably,
oty fithe jiguid dgprp eglEBk i ng unit that produces the
pref ormed nol ecul ar sieve catal ystconposition. The
flOPP3Ing unid spagy eyanganc bavessdi andlie doimipg s(oc hdgsng) unit.

[ dryer elletizer, extruder.. etc.. hi. a preferred.
T VoA S RE0t B WP ey ot P e hEria
re@idioy ®endentie fedf toaRR tfity Shyidd Whibylofe Welld Mgingl gad! YI"H&]drEring
process. Preferably, the forming unit is nmaintained a
226 &ppasta the dugy ppqd acts tq rameve ewgﬁzréo domnfhsrrefpriged mpdecular
| J: qui m . Vi, 00 " r e i
A2 QD IR IarbiOnS BT b It S8 Bgiions
sheindy amhivérhge hﬂétetembafatbxsé émngiugaﬁr(m}lcﬂgaﬁt lﬁ)ljci topAboun 350°C,
matrix material and/or binder, is fed to the spray
FRiRGVeraes O%I?eé HPRGTFtHreTaRging Fgmaheut H0SCde gbath 239C.
contacts the slurry and acts to renove water to form
t[A854r ef or NS melcedan Hevespaividal dnecivpted bycewmoeing tha sgmplate

. bl < oditions. i o
ot M PR B G Mo Ry USSR, DA PEpotne
tastiad oathlytib Gifes tntheasnvarvemage Thet feaipldte ope batretheved by any
rangi ng from about 100C to about 25Q0C. [0054] Th i
(FOPEELICAF! tSPhinenincidiag for exarpie Pyt Jatiesy megirds PR byiiating.
UBRRhalsulhr §8Vd 88 stlsGhah s TR 86 b ard] RY SmbRlaMY Shtalytic
conposition so aS to expose the active catalytic site
tuse toh dorestoting aninanspoTting prorpbatse dkrwdyer, rieisowelbringd that/the

SRR TR bu BRI e Pt R E BTt since the

Gievst aleSypioSIp flovEssefift s B Fodailaty@pR:dubOrTHRRAL BRI product
catal ytic use or for storing or transporting prior It)o

wasaerally mearades the mest witfeetisier pagtiale sizetand hapineswy Fagr commercial

' : rmul ated into a preforned catal yst, then
Z\ngﬁ%\%g%lgxgleﬁtgl nce the

[0055] In one embodiment of the invention, the molecular sieve material is
activated by removing the template by heat. In a preferred embodiment, the heat
is sufficient to remove water that is formed as a result of the combustion of the
template. Preferably, the molecular sieve material is heated at a temperature
greater than the critical temperature of water. At this temperature, water formed
during the combustion process will not condense or be retained by the molecular
sieve. Preferably, the template is removed by contacting with steam at a

temperature greater than the critical temperature of water. More preferably,



sieves are typically nost useful as a fornul ated

product. The fornul ated product generally provides the
wore®s/oefobect i ve particle size and hardness f orPCT/US2005/001702

commerci al scal e equi pnent..;7[-0055] I n one enbodi nment

of the invention, the nolecular sieve material is

activated by renoving the tenplate by heat. In a

BII6K Rzl RehoED epl lt}{eeﬁ&npla{t@e avtratéxs elﬁﬁﬂ{iﬁé& in‘?ﬁ;% %ﬁ@@ﬁﬁvﬁso

water that is formed as a result o e Cco n of
remeveds ppélarably b’f eprerpmaty heatirag msingcaufiar g eRefaratilgrthaldry

erat re than the critical
%ﬁhggggiﬁP%R% mﬂﬂ? WBQ&e%Fﬁ%Pﬁbﬁg%rature wat er
§$§ d du the conbusti on grocess wi || not condense
0F5ele | or o gﬁ? TERQ VR SPBRIA e and | asfivatepiheraplepplyr sicke is

geﬁéfﬁilﬁtr@fefr%d 16 TR\ 1§Venﬁ91?ta§05él&ﬂa%1f ht et (?‘ltd% galclfnatlon

tenperature greater than the critic

dggices canvbe asgst: eS@Qha@VyCGS ohdlode ngtare welvalersyfiluidided calciners,
e ralned inth at al yst | so

rETRENS e e atR, RSP i i Spted e dEn gbbtan e Bedimg of

Igﬁ&nm@rcﬁ‘ftlﬁ mble)tulai éi@veﬁb’ai’al 1S oﬂ@}ﬁsﬂloﬁl%ﬁtthé/ Rn}Rlfire.

pressure of |ess than O. 0001 [0056] Heating to

[06sTpve t ergymbRichar cafeidakad eténﬁfer%&e%c W2l fEltR%Ctd Semove

generally referred to in this i'nvention as

t%rapléteriaﬁﬁeﬁhls agdriv entivaim e welleduleatsieowe cxalystes thsninbention.

Vi nclad e rot cj ne luid
I it 8 PG B B4R £BPHAIOeTs ebriturigec.
préferablysfrompataal 1590 W peRBaNT s O0PC %ddﬁﬂﬁteﬁre@éramfﬁ&ﬁ' dbQut
é he nol ecul ar sieve catal yst conposition and
58 ﬁ%@%%¥ﬂ?% f0057] Conventional cal cination
temmrMUnm are afeM|vetoramvetamIMe
B 3 dions ofhthevertidrar si eve cat al yst
of this i nventl on. Such tenperatures are generally in
A.he Gengrl Overviebout 400C to about |, 000C, preferably
from about 500C to about 800C, and nDst preferably
[6058n aboufln ﬂﬁ@&@eﬁ@o@bﬂ@baﬂl@ﬁ%ﬂivﬁﬂy ofD@bRchISr Sikve catalyst

gﬁ@&%tla? |t|ons of the Invention A GCeneral

p 13 e[S?}US Py senirplliag iths eRyirermentref maleaulyt m@ve catalyst

paiciel ithat Hale BOLEGH IR subta&Y G RLAL Yatal n@@#}%ﬁfb s cok on ts
preserved by controlling the environ

swifasgethe aftmlbqrsw.quﬂrthﬂ: citelysttihahaintieeddaiter ole ﬁeh@erature of the

surfac cat article has coke.on its
oxygengteeco ole 1n reactor T% ﬁle tempexature 1s ralsseg sll(gm icantly above the

reaction temperature of the oxygenate to olefin reaction, such as during
regeneration of the catalyst, the coked catalyst should be heated in the presence of
an atmosphere containing a gas phase oxygen source. Suitable gas phase oxygen

sources include air and H,O.

[0059] One example of controlling the environment of the molecular sieve
catalyst is in the handling of molecular sieve catalyst after regeneration. During
an oxygenate to olefin process, coke will accumulate on the formulated catalyst
particles. It is desirable to retain some coke on the catalyst particles in order to

control the selectivity of the catalyst. Im one embodiment, this invention is



surface, the tenperature of the catalyst is maintained
bel ow t he tenperature of the oxygenate to olefin

WO e@shTioe4 | f the tenpexature is rai sed signifiPerUb3005/001702
above the reaction tenperatuge of the oxygenate to
ol efin reaction, such as during regeneration of the
catal yst, the coked catal yst should be heated in the

pmgsleyrdiewhén aon-aégeRERRAr QtAPAUAIIAONA I2SIRNASE of greater

Q ource. Suitable gas phase oxygen sources
itﬁ%‘?gﬁé’%gfw%@t Hrepleguigminye arasernt avifhie thefcambyst patidleng
the environnent of the nolecular sieve catalyst is in
tlAMHand! i Adieotokedeed uiathesiamegerdratty shiabfst Barticles (or any

r n .00, i ng_an_oxygenate to_ ol efin process,
gg%g L\?\nﬁ?%ta %rbl@ulé%)ﬁ%’r%gﬁmfh AYPIAEE Aol exgrapl qarticles.  As
sdribetl @bovd, tas icatatl@s har@bles ph ' 0 e

et e RS ph LB LP OB Uy o

talést particles in order to contro
© gatdiyet é’@ﬁ}%tﬂassrﬁhrm thertsgdiharant befohd mtirmvuend ierfluidized

(XY OA:;, .gted cat al yst rticles .
e P SR PP el G BRERRIAT haf Paibueh Bisisbemragrvin
tseeonicar Al eivthe wake rad hag\hdchinldbE of #Epatalles. By contrast
B%rf i tcI es. %2060 The coke | evel on the ’
HOA=T e@aéﬁ‘élF Al doanod| Rast thyareh Sreereepmratenyvibthigin any coke
aedupl i &bd Piatd inel 18st) yerage val ue over
al I, qf)_a_rt i cl es.&Ag& gg%@?ﬁ%gqggé%?graagm‘c gﬁg"f’%‘? coke level on
paieqirideal praiticles ham lu’gty tviiely, @gpélﬁﬁll;}]g Qﬂhlpm rPREW i18na; an
: articles pass through the regenerator
E@f"é?@l ?Leu%{lﬁfrer&ﬁ §aysgd ?}H 8‘?% tg? g3 ket IseenegAtore at al yst
Bﬁ%qu es. Cﬁal Xst, particles that pass through the
88eher at of Wi Veioa, Gseekefevel on dfe qatrdyst piticleh it refased
RCBHRERhEFerOEh i t ast, catalyst
ahepbr tfjrglﬁtl‘i;@fo thé Iw%?%ht By aﬁoqgﬁt%arrsbeag ﬁ%&l}ﬁ %qulated

particles that do not pass throu
vitalysty ehbapnthaspke teivel momprasdedtiadogipagson Eh HaskcRASSE the

the. r erator. Thus, the coke | evel on an
#E%?@]%g ﬁl'g?e lﬁ)lat?l?ﬁg atg@ ﬁatggr'sgy ngjf g@ t9t’a1 Heipdhaf g formulated
@alystorin RomulREEEHAIYstan sﬁm%ﬁélgﬁ@{' i assed
t hr. qu_ tge cat al _s%é regenerator. lf%g%{f]e%egg}{i%?g}% Ca%ﬁySt
R Enbe dhe teohindereqrematin miwserizit aFyis bxquaplt, 6he Sypicul
foshehfisH nic Lght. percent relati %i)glthe wei ght
of .rmllecﬂfoalrl@es%i %{/a | %a{nﬁ esiil?)a[?r‘?ﬁ‘? ?ﬂuggfypéq/al steightrhiader or
mifexcokeribbuel ioagllyp4@sSBE Wl g0 MRASLEL N N dl*(ﬁ]esuch a
fV\EI%hﬁ? of taﬁhe ol icul ar sieve in the fornulate
QUpEped catalyst, & roke deval ale2Yhby oveighterdgiveuioathedweight of
melall¥Sievd PortQ a4, ' Fupstant i al
portion of the 'ggl&ﬁésht %F&%@I %%Elglley atvntga?’ tchltéef gev\% P 0o
reglgdve © the tetadrweightmitire formmibed nedleculf@sicRs MR, oOne
typi cal
[03/6%] During regeneration, the catalyst particles are typically heated in
the presence of oxygen to a temperature above the typical processing temperature
for an oxygenate to olefin reaction. The regeneration temperature is preferably at
least 550°C, more preferably at least 580°C, and still more preferably at least
600°C. The regeneration temperature is preferably not greater than 900°C, more
preferably not greater than 850°C, and still more preferably not greater than

780°C. After regeneration, these particles are eventually mixed with other, non-



formul ati on produces catal yst particles that are
roughly 60% by wei ght binder or matrix material and

w0 oughtspe£10% by wei ght nol ecul ar sieve. For supdiI/ES2005/001702
formul ated catal yst, a cokeibevel of 2% by wei ght
relative to the weight of nolecul ar sieve corresponds
to a catalyst particle having a coke | evel of 0.8%
rr@#@iekei&t&i bartitlRe thRlsAll HAwd GiBhifRhnt! @y SLUEGKERS their surface.
nmol'ecul ar sieve particle. [[0062] During regeneration,
t Whee dha | spgenepaied i cafabest areeticlgspiatsa nhisiech evgithe dhé reokpd catalyst

B RIRE AR sy TR NS00, DR o

ree@atlatively Tigh g gRae tadtbd nadddsipeialid beyden redRrall itad to
at | east 550C, nore preferably at |east 580C, and
<wfalyst dggradatioss er abl y at | east 600C. The regenerati on
tenperature is preferably not greater than 900C, nore
dP86Hr abl y Insmegmbadisnent. ivatalygbdegradatian &t signifipantly reduced or

t%%ﬂlﬁ&tgg lrb¥/ic§?ltin hE 3 et eag 1721?)& C%a eéﬁ{ri%rr tg?rﬁg(?r’{ga\gvitﬁ Sther

ese es” alr e even

nenidgethat Aivedcdkardn gk suithad Béd dlanthde)@hs rgpehérateddatalyst

amount s of, coke on their surface. When the reg§nerate

PRgISAstan s §q0dadele atempialise that inbelaw the keagtor Mmapeyatire for
tJ g te rti an,.s

A (onediate I BIAEORAGIAL 0% RR SRR ioR e RY AR Ratlyst

hreatt.cleso areegviolaint/ belowcaboiin 5 H0CYY eine fexabtyebélowai2 sSP€adnd more

cat al yst degr ion.. [0063] |In ope enbodi nent,
GREGrD Wl Al Con TR pTeaRuey: aaueemebHed catalyst
§lak 160418 G0N0 Al teRPelalfe LRARR THAL @Gb"@??ﬁslféfﬁﬁlyt %%a%ter than

particles prior to mxing wth other particles

HedweC casidemens préfeiablysgredterdban 46 Cexanpl e, the
regenerated catal yst particles can be cooled to a

t[@0@Hr at ur eVarioas tedmbpleowart e usedad awol d@nperandrated foatalyst

t he. te t | efi tion. ILn an enbodi nent,
REISTe A, et (b raspEiosa For SrmpIa i sghated suiels fan
afe0phsso® %}ouﬁlii ef ehabjsy B6lePWrodhtr MR XL R ﬁ{ ?%CRIQJ: Yhe

bel ow 500C. anot Her enbodi nent, the regenerate _
demperpine phiheipettwdesarihegeganetadoatalyst ppickes gre alyo datraired

t han 0C, _preferabl reater than 425C .and nor

PR e fo B R aful EHE se0fo M i lkecTBifa catast
tveich stegit @9s GRmdded batdit bopeeling Head pgedekpdeatource. In this
catal yst particles as they | eave the regenerator. For

Shadracnts gyenyit feegencardentaly e Perickero et pieapegature above
the ‘}H&li‘ni é&ﬁ{)é}hﬁﬁﬁ; WiIRA! flix W ebLde @Etaﬁ)éf: %@ﬂg:%s, tc%talyst

reduce t
breakdown will not occur.

B. Oxygenate Feedstock

[0065] The present invention is applicable to any reaction system for
performing an olefin forming reaction in which feedstock is converted into one or
more olefin(s). Typically, the feedstock contains one or more aliphatic-containing
compounds such that the aliphatic moiety contains from 1 to about 50 carbon
atoms, such as from 1 to 20 carbon atoms, for example from 1 to 10 carbon atoms,

and particularly from 1 to 4 carbon atoms.



tenperature of the particles. The regenerated catal yst
particles can also be mxed with a gas at a | ower

wao egopersasur e, such as steam M xing the regeneP@r/E82005/001702
catal yst with steam has thejadded benefit of providing
a gas phase oxygen source. In this enbodinent, even if
the regenerated catal yst particles are at a

LRUBEY at Ur eNghaMStidd & MMpldser 41%-%@{1%%@#\%ﬂude

wi th ‘coked catal yst” particles, cata
redeohotsc whch Bis Mribgeslaned Febawl,oeky] 006SkptTime spetesenmethyl

invention is,applicable.t reacti on syst for .

SRTPa R Ayt STl PR ng trenieh gn e |shE alkylamines

f el sds O thyfan@ife) VAk 1e BthiRt SicBNg AimétByICct@befdIéE)- ether and
ically, the feedstock contains one or nore

i

AT BRI ethsr ek bilidles shglb ety chlorfiaend Ribyhehlotide: o
i i: 0 b t uch .

TRt QiR P, (AR a0 08 LR A B Ryt gt

caidon atons, and particularly from1 to 4 carbon
atons. [ 0066] Non-limting exanpl es of

goo@hat i c- clani pidferidl cRBBAKRAS of NG Yelted 6PN BuveMEdh, the
as net hanol and ethanol, al kyl mercaptans such as

Eeds{ACk neqTiadip SR ATdmerh PRy eReteap e spedifibaltyu one ders more

. ' | an h
N T THE T Sy
cHneoldithergt tolff e]liei pmﬁels%f gWeﬁtidén; |t11:13|:bilf'}%'eﬂ?ta|iﬂ_f éﬂe ﬁadlisilz&lﬁsis one or
h oride, a
BB NS O Lo A A e LY PEPRlRelanyises misy of the
\WdOhBHS) 1B&1 il $U6 P 0ASRG! 6&5,?&éférab[}p§§1t¥%1 ALl car%)?% atoms,

preferred enbodi nent of the process o e I nven
tand niasépsfaratidy dont hiok carhen atomso The ekepheln atefs], asrfesdstock in

. fical .one..or . mr rganj c. conpound(.s) . .
3B Plschiref e 1RERUPR 4D, PR SRl SR bhehephsden aiphati
PIhelsra0d DM duntdhsarRlr ocess of invention, the
oxygenate in the feedstock is one or nore al cohol (s),

Rogdsyr abl y I@éﬂ-ﬁﬂﬁfﬂﬁ%ﬁ(?‘éﬁ?féﬁ gg gﬁggm % It%gfd%g n‘?étfl@%ﬁte{h%nol, n-

noi efy of the al coho car
arenaeol, pisefrepatol, y miethyin ethyloether, cdimethyl adtlomp diaind ethad di-

referab from.1.tq 4. .carbon atons. .Th cohols . |
BGPTSR et iR ParDBie timefin T G PR st 2cid
iapethideRydeOMRT mBdiraé Gldteodnd branched chain aliphatic
al cohol s and their unsaturated counterparts.

[0069] In the most preferred embodiment, the feedstock is selected from
one or more of methanol, ethanol, propanol, dimethyl ether, diethyl ether,
acetaldehyde, or a combination thereof, more preferably methanol and dimethyl

ether, and most preferably methanol.

[0070] The various feedstocks discussed above, particularly a feedstock
containing an oxygenate, more particularly a feedstock containing an alcohol, is
converted primarily into one or more olefin(s). The olefin(s) produced from the
feedstock typically have from 2 to 30 carbon atoms, preferably 2 to 8 carbon
atoms, more preferably 2 to 6 carbon atoms, still more preferably 2 to 4 carbons

atoms, and most preferably are ethylene and/or propylene.



[0068] Non-limting exanpl es of oxygenates include
nmet hanol , et hanol, npropanol, isopropanol, nethyl
werdvghrsesher, di net hyl ether, diethyl ether, PCT/US2005/001702

di i sopropyl ether, formal dehyde, dinmethyl carbonate,
di met hyl ketone, acetic acid, acetal dehyde, and
m xtures thereof. [0069] In the nost preferred

i ment, : ' I :
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an oxygenate, nore particularly a feedstock contailning
drolsrghgipve rajalygrromposiioprinteapid 9r meroolsfia(shrpmfsrably and

' i roduced fromthe feedstock
3%%%%@%%§bh§@gb$%%%yggﬁ%pgﬁ&%arbon atons, preferably 2
t car bon, at ons, referably 2 to 6. carhon
APOTC T e TR, sty Bt el af opvstoeskierlc
rpasferadlyed Beadibok @nfaifinbhe BEndRsl6BFzcRke) M eeRtodn? 87 dikfifls)
particul arly useful exanple of an ‘oxygenate to olefin

predussd basedyemnthealpia) veighs raf dydrasaghont imeduged is grestesfthan 50

e (REQAE Fpichiy, BebiBh Bith ofdiend Bcent sugh gp grsateg thag70
oxgiglen atedntf emds posfkrablyoSheapretiemaliby veight percent. In one

met._ hanol - cont ai ni ng feedstock, is converted in the
FrehodpRent.dhe amaptat gfhylensiapdior grapiops pradyassbiadsed em the total

i Oht PG yRFocHROR I}ﬂ{)/(ﬁfé:ﬂéf@éiﬂg% {r%f abl ?ﬁaﬁ‘%g vred%h}ﬂercent, such

predom nantly, e n ropyl ene.
Bagreater shad/APCveightapeysint, dor exeampde preetes than 76 fwedght percent, and

f eedst nock refer a feedst ock contai ning one or
r%?fgrab y &Eeﬁ‘gﬁr eéh_,an ?ﬁé%’r@ﬁnﬁ’ﬂ&i’mo I Qfg’mﬁ%}? s pihg dieedt petaggne
PRodueed i@ tviﬁi%mﬁpe@é&lt Bhsday sl AR ERAWBIAAYE BYdroearBb e ¥r&duct
than 50 wei ght percent, typically greater than 60

weediteed. pisr gresfer thanc BO axeightepereentt Weah 7O goeelegtthan 35 weight

eat t han 75 wei.ght
DSHSAN o AR SLRELDN BT S2LBL R, R B s gpoun o
aneliydeneprofycee e wigd yeednbbsed d@ntht hetal weight ¥Ehedibe@bon
E}é/(?[ocargon product produced is greater than 65 wei gh

herodusrdps geeatsr Bupel WHah Proeik et as;%@aé@ﬁh?n %%fitght
SEARR, SorIERRR! ofeBRP tan WWQ%%t B%%ﬁg gﬂ @%Fetrﬁgﬁ ﬁga@é} t¥an

greater than /8 wel ght perce nount
Sbhydighrieercent.
10073] In addition to the oxygenate component, such as methanol, the

feedstock may contains one or more diluent(s), which are generally non-reactive
to the feedstock or molecular sieve catalyst composition and are typically used to
reduce the concentration of the feedstock. Non-limiting examples of diluents
include helium, argon, nitrogen, carbon monoxide, carbon dioxide, water,
essentially non-reactive paraffins (especially alkanes such as methane, ethane, and
propane), essentially non-reactive aromatic compounds, and mixtures thereof.
The most preferred diluents are water and nitrogen, with water being particularly

preferred.



produced i n wei ght percent based on the total weight

of hydrocar bon product produced, is greater than 30
waowioghtsoper cent, such as greater than 35 wei ghPCT/US2005/001702

percent, for exanple greatep-than 40 wei ght percent,

hi addition, the anmpbunt of propyl ene produced in

wei ght percent based on the total weight of

[obrijocar borheRfi REHS ForRix@tipteR ates n%%tlﬁs"ed EhRar 40 ‘ﬂﬁhﬂh& a

percent, such as greater than 25 wei ght percent,

EReIeIe, @rrae@qrehmattmﬁh@@oﬁeTwlhpefrm@hbe cifirrd gideflelizmbily to
| e addi ti o
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rﬁ@ledﬂmemlﬁommpmmne or nore diluent(s), which

are generally non-reactive to the feedstock or

@0| eqiador TP RALNST CEHUMARI tion and are typically
used to reduce the concentration of the feedstock.

05yl i mi timg %%%Qﬂhﬁs tQf o18kh ux%gétﬁn S'It)l{ﬂlg H’El/éngi%h can be

argon, nitrogen,- carbon nonoxi on dio
owadlemd @ysert ivdatle yrangm-ofe potstures pacladifig naut¢gspasi akdsyure.

SoSEIT R FELE ke A ALY o i
eﬁlﬁé}%ﬂﬁﬁ tﬁeﬂﬁbe&fs is Th@eTBsde T EIeLb&A odi kpients aﬁ&ﬁ 5 MPaa,

wat er and nitrogen, with water being particularly

Sﬁvfeweﬁmre@bwmkﬂaamébqnt|1d\éma adnd conyeargitly figamerbouhd@ kPaa

er inaliquid or a vapor form or a
tgg%%ﬁna?loﬁbthereof The diluent nmay be either added

ctl the f t ock en eacior or added
Begc 1 nherngeiaRens s Yiimaa I T ihe apoadasate t
ofdfRMVRaciad, AbNdd HLARP@Sthl WeiBht & febRAfk Rk YRGS aﬁ‘ﬁ%luents per
Reaction Conditions [0075] The oxygenate to olefin

hperamn Beighiod! malesulan Fiswe i theceatalyss compdsitiond typieallyaranges
e EdER98 2 BEESHY BE. G HOHAS BHLCHRROHS sBnfiobob i,

t he pressure 0

fmxe:}damﬂa/ﬁomfabamt Yhell {oushiotut 15081t paremzinw&entm ftd¥€ about 10
hg[oc ss is in;the range of fromabout 0.1 kPaa t o

b gbogt \gslhr sé}eHn%embwameab&ﬁW@SWPagrqa&era@@ntZO@r and,
VMD ?@feeds%@{ &%'Eh\f @ﬁ%&‘l 4 Wd‘ﬁgé’cﬁgl &Qerkf) a4 t#j% ?Z{?@é"&f from

kPaa. [00/6 e MEIg t hour spate ve
abWﬂQO)hr\}\mahomta@Okmx Vgenate to ol efin reactor, defined
as the total weight of feedstock excluding any
[@077hent s ¥éliere the reaction is conducted in a fluidized bed, the superficial

gas velocity (SGV) of the feedstock including diluent and reactiora. products within
the reactor system, and particularly within a riser reactor(s), is a't least 0.1 meter
per second (m/sec), such as greater than 0.5 m/sec, such as greater than 1 m/sec,
for example greater than 2 m/sec, conveniently greater than 3 m/s ec, and typically
greater than 4 m/sec. See, for example, U.S. Patent 6,552,240.

[0078] The reaction of this invention is conveniently conducted as a fixed
bed process, or more typically as a fluidized bed process (including a turbulent
bed process), such as a continuous fluidized bed process, and particularly a

continuous high velocity fluidized bed process.



hour per wei ght of nolecular sieve in the catalyst

conposition, typically ranges fromabout 1 hr 1 to
wW@b@an7#6e00 hr 1, such as from about 2 hr 1 torPEDUS1005/001702

3000 hr 1, for exanple fromoabout 5 hr 1 to about 1500

hr 1, and conveniently from about 10 hr 1 to about

1000 hr 1. hi one enbodinent, the WHSV is greater than

0019] 1 andrhewb&diRnfcag ekt %ﬁée PR R/é‘ﬂléﬂ? oFBithEAe kea@‘%gg ﬁ.{ch as

imethyl ether, is in tt ae range of” from out
thybgd abesiers 3bat havela denw7d whéied bhé rcmm ames$ snd/or fast

VP 58 tedofor poe S Fled Eebsmer iR RipR g Rirar e songrors

rmr:teamrsp raadued Hkad SBitiblé benvegaia &ea%ﬁﬁtt?ﬁés ﬁr@ Qescribed in
part| cul arlé within a riser reactor( s}\@ IS at |east
r

don exasarle Uper PaferioNg. ¢876489., Usudatent Ngr 622891522 dnalorisn),
%ﬁeﬁluzafi}bﬁz ggg;e%?zthgr D! Rahi 1%\'[5{ @icLeVEr? 16?)(?%78%{? F. Krieger

greater t sec;’ conveni greate
rﬁL@hsiung@dnﬂpym&MdeomHawefork beqy.4 mlsec. See, for
exanple, U S. Patent 6,552,240. [0078] The reaction of

t[00&0]i nventThepréferre® Ruschi Bl YreGRRAHGERE: Shemlllid6dibed in
bed process, or nore t¥ﬁ|cally as a fluidized bed

drisse deegctor. diyidizatian and FlirdRasiale Sedeny pegas<S, toS9c R Aaienz
AP, A, e 0 BRSSP LY 0

Patent Nacé il@@Z&Za(faita‘kEdlpécHﬁd reactér)vari ety of catalytic
reactors such as hybrid reactors that have a dense bed

40081 xed béd ¢eAagkdodivalz embsdiaed, othel pfkeds! W GoA@idEds a
zones coupl ed together, circulating fluidized

B@g&%@gg%f’@cefﬁi %reﬁllghe‘fi’éqcﬁb’sﬂmélﬁéd tre t}:lr%qcés ufsuzmam eactor
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522 . .and i zation .E i
], =2 s G R e
FBacﬂ) Ireashlr sgstézampaing a fivevred @i, zoble Withed Enel&t/more] 4B Mactor(s)

ﬁieﬂ’referred reactor types are riser reactors

85909 Jeadionpeme; Withins iy lepgiaene disergaging yassebriypically
gl.n;r:h.bﬂsdﬁgr&b ‘Hrern%of}gﬁ%g%pqgeﬁle éiéo&inggnt B g{@iz n@)@g riser

no, Rel i shing r oratlon
1§6®r(shradd Ld.lﬁngﬁg'ng vesskb arebgdrfifin@B 2v11(hiraat suflgla [ ré:hc!@dvessel

L IR RN NG I L
'ratég Ebtr \élsdr@fdﬂ‘iﬂénttﬂ)uisdfeaecg REGnB RGRSE ek lrk#tdhE)3nto which 2
molecular sieve catalyst composition or coked version thereof is introduced. In
one embodiment, prior to being introduced to the riser reactor(s), the molecular
sieve catalyst composition or coked version thereof is contacted with a liquid,
preferably water or methanol, and/or a gas, for example, an inert gas such as

nitrogen.

[0083] In an embodiment, the amount of fresh feedstock fed as a liquid
and/or a vapor to the reactor system is in the range of from 0.1 weight percent to
about 99.9 weight percent, such as from about 1 weight percent to about 99 weight

percent, more typically from about 5 weight percent to about 95 weight percent



system a regeneration systemand a recovery system
[0082] In such a process the reactor system
weorvgersoent |y i ncludes a fluid bed reactor sysPEmUS2005/001702
having a first reaction zonegw thin one or nore riser
reactor(s) and a second reaction zone within at |east
one di sengagi ng vessel, typically conprising one or
P&l &Y ﬁleqaﬁﬁwesgﬂt Oftfie ?ém%blgﬁﬁiudl gﬁif(ﬂﬁwﬁ{ c z{u‘la’ed therein.
riser reactor(s) and di sengagi ng v are containeg
wWhehliquid asd ngper feedstoas mz@sbe lthe $amees borhpesiisdrg ek, may contain
pref.erably cont |n|n one e, OX
ofEY'BH A R It G Grlidergpy %4?&%95{(? ﬁ’st%f: sae gr different
QliRieRfs, NOre riser reactor(s) into which a nol ecul ar
sieve catal yst conposition or coked version thereof is
[ duced.
e iced T TRRBR SRR ol ekl MEdisply converted
Shaehadlycert fallysin the rﬁnsisneaotmnzcme intok 2 gaseens ieffluchh thae aﬁtelrsSthe

SRAE i i 0] i, B
Ninibodaféht, i}@%@ds) Bie Mlﬁ@@ﬁhﬁecﬂé dlséﬁg%gﬁM&I & sebhGftne

feedstock fed as a I'i quid and/or a vapor
rcekied Gpialyyt cempositiom fiohe theagapeows efffuont Oortamneiggtrie or more

BECS TP BT PS8 S bl i

reffeets tvwithia éthb yhs‘eﬁgugnaga QeselScaehigh tbe: D@é& apt se%)&aﬁ:bt‘ﬁb' tcafhPyst
Cé?g,g]’ht]@percentbased on _the total ht of
f

&% fionr thg dasryua s{fluent. ueer tﬂ@ B fieicheppiating the caadyst
Coﬁ%ggiltlt@r? grﬁ)mg aéesﬁg ﬁ@%ﬁﬁnﬁﬁ& Be utsg Sf I%ani G5, caps, ell?ov%/sh gnd

or aln var
dbebkeor different feedstocks mnth the sane or
different diluents. [0084] The feedstock entering the

rfeegSjor sydhemkei aniydehentaltey demugise desstlaimkivabd ¥ Bipping
fully, in the first reactor zone into a gaseous

EPP¢s &walbma leweepation of thestisrpaaging vessek e the strigping zane
t | e

ot RSB PSP LLARIR S, Bl FEE8 o or
dombngHgn of steems aiethane,smnlafraﬁmxidbﬁcarb&e dldhakﬂlbyﬁidrogen or
%ﬁﬂﬁg?ltlon fromthe g seous effluent containing

&9 F‘é‘fl}ﬁssfjfg%l tIH] stgpRe ng KGORe dsehed hydrocarbons
Abdnh erEDBo ke CaRilR® c@fnﬁoﬁﬁ&{ @Hd’c ed theﬁrlﬁ&b& ceBfth qgé t?eéeneratlon

wi thin the di sengagi hg vessel can al so be use
S¥fieinat e the catal yst 1"

[0086] The coked catalyst composition is withdrawn from the disengaging
vessel and introduced to the regeneration system. The regeneration system
comprises a regenerator where the coked catalyst compdsition is contacted with a
regeneration medium, preferably a gas containing oxygen, under conventional

regeneration conditions of temperature, pressure and residence time.

[0087] Non-limiting examples of suitable regeneration media include one
or more of oxygen, O3, SO3, N;O, NO, NO,, N,Os, air, air diluted with nitrogen or
carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide

and/or hydrogen. Suitable regeneration conditions are those capable of burning



conposition fromthe gaseous effluent. O her nethods

for separating the catal yst conposition fromthe
w@ameouweef f | uent include the use of plates, cCBEEUS2005/001702

el bows, and the |ike. [0085]psL.n one enbodi nent, the

di sengagi ng vessel includes a stripping zone,

typically in a |ower portion of the disengagi ng vessel

hdokk o tthé RBKAP ﬁé‘t@ﬁ@’t EoRp&Rsd éﬁ%ﬁ%ﬁzioogolgpasfegé 8fin 0.5

is contacted wth a’gas, prefer
cweighimerdenhbased sn dentotamtchghn of theankehmdleonladsieveanainy the

monoxi de. hydrogen, or _an jinert gas such as argon, .
SPRrEr S PERATo: 6%t b Tesrsbted yedtautt Bonde in te
frafge éthioreQlvee: 26U°E! 16 HboGOTIIOSC L 4uRA ok Hdm bBout BBD°C to about
i ntroduced to the r;gener ation system [0086] The

cHI08C.ctar sxample dinm abpet 479°Cstovabphd 72086, fnd wonvemiently from
' ' I ' uc to _the r.egenerati
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G LR ik, geam e ERgeRtRb aRuRiEgeen @bbsn 75 psia
C(Q‘?ﬂ%ﬁa[hpfbsalﬁgu’lt\ggﬁﬁ)ﬁ% 195@@9@2%1?&' rcgn\?e%nﬁ?;itqqg A5Sut 30 psia

time. [0087 i ng ex es of sul
r(@gekRaayta droutedpsiai(4icl kRbe).one or nore of oxygen, CB,
SA3, N2O, NO, N2, N2Ob, air, air diluted with nitrogen

do08sjr bon ditexdesidenceXitae _ﬂg @{Hjcaéb;ﬂyﬁrch oSitioRah %ﬁ@ { Tlerator
6, 245, 703), carbon noxi de and/ or hydrogen. Suitable
rIE@élPFe‘Pé]P‘% BRee aaﬁPmir«%ﬁ%t WednPHisse sevgsatorsosuch as from about
- _ o
RGeSy BB PO BB ot
he edkesh cathlystt otrghinsvei ghichafmditie exodse bfnmtyaen | ralatisé ey ehe

' h [ t F le, th
FRBREP iR e T AR P RAISORP 40 £ elah lgeditt Fcb s CO
aRauo,. 2Qﬁﬁri‘tﬂ¥,atﬂ@ Was 1RO regenetcd thel EREYN 2R0Wst 30 Cohin
about 1000C, tor exanple from about 4500C t o “about

Foegh axyger davailest & yegenontiabdlie S508CHLng GHGG: thae 0.2

r ' u be.in the ran of from
SAOENRLEL 0, SR8 BB Ol DS B3P el o mos
Idesiagbly greater than fi raste pbrewht. 20 psia (138 kPaa) to about
250 psia (1724 kPaa), including fromabout 25 psia

(0088 Paa) tTheah@hing160cHA& & (hkOR% kRN s@Pds an exothe6rr61ic

conveniently from about 30 psia (207 kPaa) to about _
peacion.and i pr gmbodiment, the temperature within the regeneration system is

controlled by various techniques in the art including feeding a cooled gas to the
regenerator vessel, operated either in a batch, continuous, or semi-continuous
mode, or a combination thereof. A preferred technique involves withdrawing the
regenerated catalyst composition from the regeneration system and passing it
through a catalyst cooler to form a cooled regenerated catalyst composition. The
catalyst cooler, in an embodiment, is a heat exchanger that is located either
internal or external to the regeneration system. Other methods for operating a

regeneration system are in disclosed U.S. Patent No. 6,290,916 (controlling

moisture).



[0088] The residence tinme of the catal yst conposition

in the regenerator may be in the range of from about
wo@p@snisod e t o several hours, such as from aboR€T/U8m05/001702

mnute to 100 mnutes. In aygreferred enbodi nent, the

gas used to regenerate the coked catal yst contains a

stoi chionetric excess of oxygen relative to the anpunt

ofoogelygen MBgesAREikrdied CORMBE! Bhi gi%ﬁ MR 2HORE the

product, such as . “Desi rgb t he gas Used
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ar eater than 1 nole percent. [0089] The burni ng of
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| tp f | ed t
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aatubat Iﬂi‘tﬁﬂ@;nﬁﬁér t ahtrddncliOf 8 dth@ ' 1‘143:? rrehcﬂ&%)n a ITh@ rre:la’uve

external to the regeneration system O her nethods
cﬂwuat& af catalysh @ﬁl@w&su mnﬂ@yﬂméamoérregmﬂmé chaget abldS:oked

b vty et 4F Wb B i SR bl s O e Ftor

rsggemer ation system pr efer ably fromthe catal yst
cooler, is conbined with a fresh rrfol ecul ar sieve

qaml]yst C YRSl 9ked MeHyBe e kd Bl RE&H TR @zﬁ'&t’l ﬁrpartlcle
sieve catal yst conposition and/or feedstock and/

filoas |9r gaked catplygupersicleaflawr priarr toeiizing.t hRyefarabdy, an oxygen-

nt, the regenerate
S5t e oD SORGRARAPLBRL oS SERS"SLELRS s epppt e
Sﬂ,cmtsemb itlsat rted wegRBekated dabyst ipafticldsemat &ﬂ{éé)caﬂﬂlys@% ﬁMles are
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cont i nuously, the int ion o
regpapratest @dal}zsatmrtyéd:s auhnpakei tcaatyst pattiotes riedat ahis mixture is

returned to the riser reactor(s).

[0092] By controlling the flow of the regenerated catalyst composition or
cooled regenerated catalyst composition from the regeneration system to the
reactor system, the optimum average level of coke on the molecular sieve catalyst
composition entering the reactor is maintained. There are many techniques for
controlling the flow of a catalyst composition described, for example, in Michael
Louge, Experimental Techniques, Circulating Fluidized Beds, Grace, Avidan and
Knowlton, eds., Blackie, 1997 (336-337).



system preferably to the one or nore riser

reactor(s). Alternatively, the regenerated catal yst
w@asosiotdoes can be mixed with a flow of non-regkP@EUS1088001702

coked catal yst particles primr. to introduction into

the riser reactor(s). The relative anounts of catal yst

particles in the flows of regenerated catal yst and

Ceog cat al gske Wekdls Vad Yth@eﬁﬁtﬁﬂﬂsﬂgcdnibogﬂfoh %Pe tl?l@asured by

desired coke level in the reactor system
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cont roI [ ng the flow of the regener ated cat al yst
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Circulating Fluidized Beds, G ace an an
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CTOVRESI SUThPi0aRISEydRE dksleicR! dHdNeNE hafufaiRd (UG Niamt No
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qmts;@umps,candbhejhkao wei ght percent, for exanple from
about 0.2 weight percent to about 5 wei ght percent,
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about 2 wei g ercent .
used alone or 1n com ination include one or more of a demethanizer, preferably a

high temperature demethanizer, a deethanizer, a depropanizer, a wash tower often
referred to as a caustic wash tower and/or quench tower, absorbers, adsorbers,

membranes, ethylene (C2) splitter, propylene (C3) splitter and butene (C4) splitter.

[0096] Various recovery systems useful for recovering olefin(s), such as
ethylene, propylene and/or butene, are described in U.S. Patent No. 5,960,643
(secondary rich ethylene stream), U.S. Patent Nos. 5,019,143, 5,452,581 and
5,082,481 (membrane separations), U.S. Patent 5,672,197 (pressure dependent
adsorbents), U.S. Patent No. 6,069,288 (hydrogen removal), U.S. Patent No.
5,904,880 (recovered methanol to hydrogen and carbon dioxide in one step), U.S.



[0094] The gaseous effluent is withdrawn fromthe

di sengagi ng system and i s passed through a recovery
w@ymsemoedihere are many well known recovery syBCEDNS2005/001702

techni ques and sequences thatg-are useful in separating

ol efin(s) and purifying olefin(s) fromthe gaseous

effluent. Recovery systens generally conprise one or
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Var i ous v tenms useful for recovering
&’3? sgr)eamélﬁlélﬁhggmglp %@%t propyl ene and/or but ene,
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FHECTBOEN Pwéﬁ PidpeRtrducss Oﬁ%ﬁnélaﬁntﬁ‘echnol ogy, 4th
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[0099] Non-limiting examples of contaminants and by-products include

generally polar compounds such as water, alcohols, carboxylic acids, ethers,
carbon oxides, sulfur compounds such as hydrogen sulfide, carbonyl sulfides and
mercaptans, ammonia and other nitrogen compounds, arsine, phosphine and
chlorides. Other contaminants or by-products include hydrogen and hydrocarbons

such as acetylene, methyl acetylene, propadiene, butadiene and butyne.

[0100] Typically, in converting one or more oxygenates to olefin(s) having
2 or 3 carbon atoms, a minor amount hydrocarbons, particularly olefin(s), having

4 or more carbon atoms is also produced. The amount of C4+ hydrocarbons is



Sons, 1996, pages 249-271 and 894-899, which is herein

i ncorporated by reference. Purification systens are
w@bk@s/omescri bed in for exanple, U S. Patent NoOPCT/US2005/001702

6,271,428 (purification of apdi ol efi n hydrocarbon

stream), U S. Patent No. 6,293,999 (separating

propyl ene from propane), and U S. Patent No. 6,593, 506
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propyl ene, are typically purified for use in
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pl0dPEr r ed elbudiniting ewimplae of eudvesagtioy sitstems arkalescribed in
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SR Bt P bl ied P8, 5 Car bon at o,
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afBReriBedOAbdva tard A0 G Ak E%Tﬁg{rq@a 2dh&s Sthatt%ﬂta%pta single

wei ght percent, slUch as Tess t wei ght percent,
fagrboaxatmpbes dlefysin daameunieiregter thar 8@ percesinguch as greater than

iC rly less than 2 [ ercent, based on.the
AL SRl oot S "Ry e B RS s R et Toast
piboaESEweRKChetchndbasved &1 the Tytal welbhtof thd@eghor e the
recovery system may include one or nore reaction

qyst engx econverting the C4+ inpurities to useful
products. 101] Non-limting exanples of such

react ipa aYisf §iaBildhfodescribed in

[0103] FIGS. 1 - 2 demonstrate the effects of allowing coked catalyst
particles to become exposed to temperatures above 725°C in an oxygen deficient
environment. For the experiments in FIGS. 1 — 2, coked catalyst particles
containing SAPO-34 molecular sieve and having coke on the surface were
pretreated, or regenerated, under 3 different conditions. The initial coke amount
was 18.3% by weight relative to the weight of molecular sieve within the catalyst
particles. For the first sample, referred to as ‘catalyst I’, the coked catalyst

particles were regenerated by calcining in air at 725°C for 4 hours. In the second



U S. Patent No. 5,955,640 (converting a four carbon
product into butene-1), U S. Patent No. 4,774,375

w@ e@shbmoane and butene-2 oligonerized to an al RgI/ESM05/001702
gasoline), U S. Patent No. 630249,017 (dinerization of
n- butylene), U S. Patent Nos. 4,287,369 and 5, 763, 678
(carbonyl ation or hydroformlation of higher olefins

WhrloBehRé m&lﬁt o951 1fle A ngﬁ%ﬂgﬁgg)f LIRS °C in dry N,

conpoun S) S Patent No tistag
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ol i goneri zi ng propyl ene, butyl ene and | ene).
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nbyriter HoOef Afket theda r@gmblﬂaho@ edetiiret,Nedh T BerfeRMrly coked
suc as greater than 90 wei ght percent, such as

Y sampleR Yo plasediata isereasier, o rer 2 aieiwppldo plefinepuyersion
%9&Ion9%n‘eﬁfé Qbt re%foﬁemosglﬁﬁ§ %g MEOH :Bg yé'tg{nach S Q}; h&fr was

the olefin. I'V. Exanp activ ztlon
[ d 03D thd 188, redctor Br denverssiniat the nivdealfr aevs nmteradl.l oW ng
coked catal yst particles to becone exposed to

t [OP4) at ur eBICabD\ﬂ@ov?Qﬂﬁ CumalatioxX ggens oeMethamot Converted Per
enviro g'e For the experinments in FIGS. 1 - 2, coked
cHAE 9@ 1688 (EMGRY 106 freatesi Frgctempas avigprekad eatalystesamples

[ rer
AacpE e R aPadRp AL TR ¥ Bt oy, the
cpﬁx@naammftmma 8h&8% lbynweetied hintor dtfin ayv a ﬁmctidmeoﬂ/\lmvg Ii’ﬁuch
of | ecul sieve,within the t aJ yst partlcles For
cmepngldpes Beep | 4004 do Ghe Begercy, athio ediom ysdle s & pelative scale
Cﬁb%néﬁfeadrﬁ’cﬁht pRkctihSBadiRA ¢n FQARRCIALE qm*aﬁntc@é GV Hhin
inair at 725C for 4 hours. In the secondprocedure

(tharegielpst 11), the coked catal yst particles were
heated to 725C in dry N for 4 hours. This results in
o[ﬂ[l95]part i alnitiékypaﬁtlthmé ctthlystc shagplés cxmvbhelO@% tAde méthanol

el i ke, Havieet MRl 78 coGRATUAGoRs hovamoft in

fthe rﬁo‘hb@'sﬁﬁr bffedtRenddY HAIC eRliRY thih Fd nﬁﬂec@@a@gevé Eartlcles
the third procedure (catalyst 1), the coked catal yst

Figﬁa{qdcwgﬂl wle eothertteegtnpentsy25&he  catalyst I sample rapidly loses

effectiveness after converting only 4 grams of MeOH per gram of catalyst. For
example, by the time that 5 grams of methanol per gram of sieve have been
converted using catalyst II, the conversion rate for methanol has dropped to below
50%. The catalyst II sample has completely lost all catalytic ability by the time
roughly 7.5 grams of MeOH per gram of catalyst has been treated. The drop-off
in conversion percentage for the other two catalyst preparations occurs later and is
more gradual. For both the catalyst I and catalyst III samples, the methanol

conversion percentage is above 90% at 5 grams of methanol per gram of sieve.



in 8 3 psia of H2CVYN2 for 4 hours, where the oxygen
for coke renoval is supplied by the H2ZO After these

WO e@éenggoet | on procedures, each of the fornmerl yP€oksmo5/001702
catal yst sanples was placed-iin a test reactor to run a
nmet hanol to ol efin conversion reaction. In the test
reaction, 100 grams of MeOH per gram of sieve per hour
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ﬁaptesmt@gtaiyseﬁtaeuas/\bm frbected laecorting do mnrs'lum/enﬁdslef In FIG. 1,
G tal a rapid 0S ef fectiveness afte
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Falluee ¥ Fphghly 0. t Mork | gRerht fopml TR0 cﬁglygfef)ﬁﬁﬁ‘l% vﬂﬁrhave

gram of sieve have been converted UuSi ng cCatal yst ,

tq@éahé% AifetiBesongiag dromol teréPhdepending on dhefopeulation Iaadl type of

talyst Il sanple has conpletely | ost all
?go/fgfﬂ_? |I|ty bythetlrre roughly7Sgrarrs of

er gr cat a r.ea
BEoeT OO SRS Sl dBE Retbi ST HE R pastistss to be
Qﬁﬁlﬁtam?dd d@rg%h@érahérpgﬁ%%ﬁv@rﬁoh at BaIf 8Nhel éta‘l@%’f ﬁfetlme for that
gradual . For both the catalyst | and catalyst |11

Satalysparidle nReefesally, Bonevestion mn@mt@ge&chgltﬁmmalyst

TE By BAERTR it o7 SRR AP B BlRAF b Gyces.
cﬁorfe&amrpleatrﬁﬂ[@: dttak yatalysapdriiclbeprotseddaisitigntie pAREN3Avention
nol.ecul ar sieve. For other catalyst particle with

dP#RETR A0 395VHY | oft BroAlsT dhany Y aoatGMEPIntalROf 5, which is
f@b&%&h@{dﬂa@yﬁmwga%@? ghavior will be sinilar to

at show in FIG e absol ute val ues may

V@iUSJ One vy, Eé)[alglgtnﬁaga?nﬁg TL?SVI g{hlgl?st Y&l ecfj Isele {Veltr}]/t for the

production of ethylene and propylene. This is sometlmes referred to as ‘prime
olefin’ selectivity. The average prime olefin selectivity (POS) represents the
average weight percent of ethylene and propylene produced out of all products
formed during the conversion reaction. The average POS for the catalyst I sample
was 72.7 wt.%. The average POS for the catalyst III sample was 73.0 wt.%. By
contrast, the average POS value for the catalyst II sample was 69.9 wt.%. Thus,
the catalyst II sample exhibits greater than a 2 wt% drop in selectivity for

formation of the desired prime olefins.



and fornul ati ons of catalyst particles is to define an

effective lifetinme for the catal yst particles. The
wW@RMOP8780ed ue at whi ch non-deacti vat ed cat al ystPCT/US2005/001702

particles convert only 50% of2.avai l abl e net hanol can

be used as a definition of lifetine for the catal yst

particles. For exanple, the Catalyst | and Catal yst
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rieange af deactivated p@tylyetf wghmah@catalmrsaﬁ@% \abuld b@lvﬂ‘éfﬁﬁed by

oxi mately half of _th
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eothiidvict Snreatlu@ethes ehB6diléht, Ynd Besdnbs OPH@QH%‘EE&’ @atQ%st within
aIiqhylene and _propyl ene. This is sonetinmes referre

{visesagmds wiauldshs identifiadtbpsedmimea @mmﬂa@evmg |armverage POS

e \ ) ave e wei
g{aa?%éeﬁtf SloJfS et h Tie%e‘gg% Bi g%{/ﬁgﬁgé pf 15 g dimen eorf’re & of
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O e I LA et ST oot ettt o
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cat a sanpl e was cat a
|qf f§ ck eoumertad éurg@au mdusﬂmahsmlezrem%md eog &r1% change in

r.formati on of t
& Blotoodeushvies SERRRRpRY & St aeb RS dathe ASouRt of grime
Ld]éﬁﬂ(paloyluédalat all of the particles within a reactor
wi || be exposed to conditions capable of producing
qe1 ﬁHySt deges i ¥ a}irbﬁﬁesatanBﬁ?]f Siﬁ(HFatltohnS tﬁ@ %h?f? d'iﬁ ! coa?aslyst
for eactivation may only affect a small por
tgefopamdecihen eoketicatatyseisr @qoosemlrtoaaxcmswedreet Wihafea sbtﬂrce of

o%/gen such as steam is not available. FIG. 2 shows the rate constant for the

conversion reaction using the three different catalyst samples. Once again, the
results for catalyst samples I and III are similar, while the catalyst II sample shows
a degradation in performance. The initial reaction rate constant for the catalyst I
sample is roughly 140 while the reaction rate constant for the catalyst I and III
samples is 170 or higher. During the conversion reaction, the catalyst II sample
exhibits a sharp drop in the reaction rate after roughly 4 grams of MeOH per gram
of catalyst have been processed. For catalyst samples I and III, the drop in

reaction rate constant is much more gradual, with both samples I and III still



situation, the results of the CPCVMS test would be an

aver age based on the percentage of undamaged and
waele@snisped ed catal yst within the catal yst sanpP@r/us100601702

enbodi nent, the presence of.geactivated catal yst

within the catal yst sanple would be identified based

on a sanple having | ess than a 80% conver si on
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source of oxygen such as steamis not available. "FIG
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g};}’%%ad tion in performance. The initial reaction rate
ong ndy ﬂ@’%?%i‘%$ ydp this Ssaement. sthe 59kg| spnipigsd in the

t a |
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conwceradi anygee adthimthe tehetor Bt alyystygbh celatamleé veﬁhn lhet satayst
Sh%ﬂ}ﬁ drop in the reaction rate after roughly 4 grans
per gram of catal yst have been processed. For

t the d t
BB ARER e besprimary RRRGBR S b e el hespked
| datal gt ivkdrs m%m&grb%ﬁé ahygi 'a§‘ Qhéfl?iﬁ% dnBaGh 108k, afﬂn%rlls believed to

conversion of 10 grans of OH per gram of cata
represent outgassing from the coke CO and CO, were produced 1n small

quantities, constituting less than 10% of the carbon containing products. After 50
minutes, the total carbon content of the CO and CO, produced in the reactor
represented only 0.5% of the total available carbon content (coke on the surface)
of the catalyst particles. The production of CO and CO, indicates that a reaction
of some type is occurring on the catalyst surface. Without being bound by a
particular theory, it is believed that this reaction contributes to the degradation of

catalyst reactivity.



B. Tenperature Dependency [0111] In another
experinment, coked catal yst particles were placed in a

WO e@yorseed oop reactor to investigate thermal rRPEUSINS001702
and coke oxidation of the cofed catal yst particles in
a heliumenvironnent. This is a recirculating, batch
reactor. The internal volunme of the loop is 76.4 cc,
Woh3p T eci neWsabCOthe! @houlfof2RRr6 GBI RBuRAA@E reactor
pressure of 1.5 bar. The catal yst charge is 50 ng of
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bel i eved to_represent outgassing fromthe coke. CO and
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made while staying within the scope of the present invention.



significantly higher levels of CO and CO2 were
produced. After 50 m nutes, the total carbon content
wokooSrsand CO2 produced in the reactor represePCEUSI005/601702
than 3% of the avail able carlygn content of the
catal yst particles. This quantity al so represented
roughly 20%to 25% of the carbon contai ning products.
[0114] At 750C, the total anount of hydrocarbons
produced was simlar to the anobunt at 650C. This
| KJeABMS in tenperature did not result in production
of additional volatile hydrocarbon products. However,
t We&dmimt of CO and CO produced in the reactor
i ncreased considerably. After 50 m nutes, the total
arrount Qfpréédsarfer crieddin@desegkid apiasLe bt adsilieshihoff8sphate
of the avail abl e carbon content of the catal yst
parti clielecylerisioye, quveprigins the siepepf nent s denonstrate a
si gni ficant .ghan ' he t . ra .
produced as a? he tq g éngrratg? gr eﬁﬁg&\l/%{uins .ogﬁl?atgeﬁ%@%é% g edteVe
bel ow 550C, the datilysantpapiodshictis ad e rbgelleeRr bedifaining a
with little productiaqn of, COor CO2. As the |
tenperature is i ntPeHQmglriciRgessof @¥reisfp eqniain less than about
hydr ocar bons r engjio j ansk; - whi .
, production of ng a/ﬂgo%ﬁg\}teegg%ﬁlgt i nc?a{ewgvglgswb}[.ﬁlﬂ%?lar sleve
Those skilled i nmdterigdmithin fHe regenoguidzatdlysapartibkes;adndyv e
enbodi nents.are il.l ust gat ive [ variations

dt
consi stent Wth tHEIHEY éegﬁlé%f&traeﬁ ﬁ?ﬁag'%t pALliclpRatfplgmperature of

whil e stayi ng W &sithiD85®COREh @bkdd @ty &SRARcles containing at
invention.S im A process for protecting catal ytic

activity of a si ll¢asbaVuenkedphosightredativelte cuweight peme]ecular
conprising the st f..a).regeneratin .
silicoal um nophossgqglgt"gat%alﬂevétbf%?ﬁe 5?1%?%%%%3(55?%'?168'

particles, in a regenerator containing a
s%oi chiometric excess of oxygen, to contain |ess than
a

yg _

out 195 RIRESByPLRpightl, rEIeEn the regeRetpigdypatalyst particles are
nol ecu ' i i t hi- ]

) S N TBN Bl 0L LSRRI, o s

cat al y4¢ alpart 65@¢(es at a tenperature of

3. The process of any of the preceding claims, wherein the regenerated

particles are cooled prior to mixing with the coked catalyst particles.

4. The process of any of the preceding claims, wherein the regenerated
catalyst particles are regenerated in a regenerator that is part of a reactor

system for converting oxygenates to olefins.

5. The process of any of the preceding claims, wherein the regenerated
catalyst particles are mixed with the coked catalyst particles in a fluidized

bed within a reactor.



| ess than 5500C wi th coked catal yst particles

containing at |east 2% coke by weight relative to a
wowioghtsoef nol ecul ar sieve material wthin thePCDksm05/001702

catal yst particles. The procsss of claim1, wherein

the regenerated catal yst particles are mxed with the

coked catal yst particles at a tenperature from about

400C t ohahpbes® 2 Cany ThHE iRy ?Fe%é(ﬁngfcleﬁﬂﬁé %A‘le}é'i‘l‘? the regenerated

preceding clainms, wherein the regenerate partlcléi

are coodtelystpparticles carerintixad with Ithe kekebkatdlystpaitigks prior to

bher of RERARPE YR BRGNS aftibyhorelis Ff BNtk oo Witin o

regenefqatieel in a regenerator that is part of a reactor
system for converting oxygenates to ol efins. The
process of any of the preceding clains, wherein the

(FOICE S50 4 PG LSS SY, eger

react ocatdljst padickssaref mawed ofitht ie Roke&EdafalystI@ititles in an
wherein the regenerated catal yst particles are m xed .
with tHEOsBikEs CORPHINE at feash | dnels NsFGeaE of 31 GieRIGeRtAing
t he reggnerat ed catalyst particles into a fluidized

bed within a reactor. The process of any of the

precedi ng clains, wherein the regenerated catal yst

particles are m xed.with the.cqoked catal yst particles
P S ot o GOy hecireenaraind el gurlg ar
an oxyg@fedcRmh @dédrad ¢aslyst patiPe® GELSS ahosph@t Fbrftaining from
wherein the relgenerat ed catal yst particles are mxec?

€

with t #hout Skadlecparesny de abeirtid0ciels patcent oftanosgygen-eontaining
cont ai g&sng fromabout 5 nole percent to about 20 nole
percent of an oxygen-contai ning gas. The process of
claim?7 or 8, wherein oxygen-containing gas is steam

The process of claim7, 8 or 9, wherein the m xed

cat al y&he pgress of ke 7eor § MhgisELLyReR-Hantaining gas is steam.
oxygen-contai ning gas prior to m xing.

10. The process of claim 7, 8 or 9, wherein the mixed catalyst particles are

stripped of the oxygen-containing gas prior to mixing,

11. The process of any of the preceding claims, wherein the coked catalyst
particles contain from about 2% to about 18% coke by weight relative to

the weight of molecular sieve material within the coked catalyst particles.

12. The process of claim 11, wherein the coked catalyst particles contain from
about 7% to about 13% coke by weight relative to a weight of molecular

sieve material within the coked catalyst particles.

13. The process of any of the preceding claims, wherein the regenerated

catalyst particles contain less than 0.2% coke by weight relative to a



The process of any of the preceding clains, wherein
the coked catal yst particles contain from about 2%to
w@b@an78h82 coke by wei ght relative to the wei gh€T/082005/001702
nol ecul ar sieve material wi thyn the coked catal yst
particles. The process of claim11l, wherein the coked
catal yst particles contain from about 7% to about 13%
coke by 9Bt hebahnYQid® MakBhBNlindh TR S4Bl Wiyst
material wthin the coked catalyst particles: e
pr ocespatitleany of the preceding clai ns, wherein the
regenerated catal yst particles contain | ess than 0.2%
coke by weight relative to awei ght of nol ecul ar sieve
B4 er i The Wrbddsh dfhsnyl 88CRE 1HRdc8BinG ad1AES twikddih | hE §8generated
The process of any of the preceding clainms, wherein
t he r eftnlyptnasiclesarsnyized weh thecdobsd aatelysti peeticles 4t rodse flow
coked t tdo| mass, fl.oow rate that is.
ot eact® Bl Bre R4 S b R sto R L e peices.
catal yst particles. The process of claim 14, wherein
tgi reggnerat ed catal yst particles are mxed with the
cbked &BE YSEs pAClaE] bb Whergingihe Jegangiptedacaialyplapartigles are
froma 0 % q&]ﬁ'@- f .
coked ggjt(ga(lil ivgc?{ %grc g’ 1|Qé§1O %eégglg%t m X1 %S;}.lt #%S%?ltgglegage g%? is from
cl ai m dixmut BA%r tei 100Vhef the gease flawvadtcaditlad yelded patalyiscpticles at
are m xed with the coked catalyst particles at a nass
flow r3t88hat is fromabout 30%to 50% of the mass
flow rate of the coked catal yst particles at m xing.

16. The process of claim 15, wherein the regenerated catalyst particles are
mixed with the coked catalyst particles at a mass flow rate that is from
about 30% to 50% of the mass flow rate of the coked catalyst particles at

mixing.



