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15 the desired catalyst diameter the molecular sieve is formulated with other materials.
Dilution of the molecular sieve with these materials is also used to control the rate of
reaction, control the temperature of the reactor and régenerator, and 1o stabilize and
protect the molecular sieve. ;
10003) Formulated molecular sieve catalysts present a pr‘oblem not fouad in other

20 types of industrial catalysts, that 1s, how to maintain the physical integrity of the
molecular sieve catalyst during the fluidized cyclic process of reaction, separation,
and regeneration. The cycles of reaction, separation, and regeneration are carried out

! at high temperatures and high flow rates. Collisions and abrasions between catalyst.

particles, between the catalyst particles and reactor walls and between the catalyst

25 particles and other parts of the unit tend to cause physical breakdown of the original
catalyst into smaller catalyst particles known as fines. This physical breakdown is
referred to as catalyst attrition. The fines usually have particle diameters smaller than
20 microns —- much smaller than the original catalyst particles. Catalysts with higher

attrition resistance are desirable becavse, among other reasons, fewer fines are
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repl acenent catalyst is required. [00041 Mol ecul ar si eve catal ysts are
formed by various nethods, for exanple, by 5 spray drying or extruding a
slurry containing the nol ecul ar sievé and the other catalyst conmponents.
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separators, to regenerators, and finally back to the reaction zone the
cat al ystseparate processing zones for conducting the catalytic reaction, product-catalyst

separation, and catalyst regeneration. The produced olefin and other hydrocarbon
products are separated from the catalyst panticles in a separator, suitably a cyclone
separator. A portion of the catalyst is recovered from the separator and passed to a

20 regenerator. In the regenerator the non-zeolitic molecular sieve catalyst contacts a
combusting gas, e.g. air, at a temperature sufficient to bum off carbon deposits,
commonly referred to a coke, that accumulate on the surface and in the pores of the
catalyst. The regenerated catalyst is then returned to the oxygenate conversion
reactor.

25 [o006] in this p}ocess, the non-zeolitic molecular sieve catalyst is subjected to
great mechanical stresses. As the catalyst is trapsferred from the reaction zone to
cyclone separators, to regenerators, and finally back to the reaction zone the catalyst
will tend to disintegrate into catalyst fines. These catalyst fines must be removed

from the reaclor process and discarded. No matter how resistant the catalyst is to
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non-zeolitic nmolecular sieve catalyst because the catalyst noves through
t he system at such high speeds. Thesresistance of the catalyst to
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15 calcined in air at 550°C for over 3.3 hours and then the temperature is lowered to
‘ambient room temperature over a period of 2 hours. ‘A portion of this catalyst is then
coniacted with steam at 725°C or 750°C for 10 houré. Steam treatment following
calcination is shown to increase catalyst life, increase selectiyity to ethylene and
propylene, and decrease selectivity to propane.

20 [0009] H SAPO molecular sieve catalysts are ever going to be used commercially
to convert oxy’gen‘ates to olefins, catalysts with greater attrition properties are needed.

| For this reason, the Applicants’ sought to develop SAPO catalysts with a relatively

high resistance to attrition.

Summary of the Invention

25 10010] The present invention is directed to methods of removing a portion of the
halogen present in non-zeolitic molecular sieve catalysts. In a first embodiment, the
invention relates to a method of removing halogen from a halogen-containing
catalyst, said catalyst comprising a non-zeolitic molecular sieve, halogen and a

binder, the method comprising heating the catalyst in a steam-containing environment
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nol ecul ar sieve, halogen and a binder, the nethod conprising heating the
catal yst in a steamcontaining envi ronrrent WO 03/001)411 4.1 3 DEC 2005
PCT/ US02/ 13-189 at a tenperature frdm 400C to 1000C, preferably from 500C '
to 800C and nore preferably from550C to 700C, and for a period ranging
fromO0.1 to 5 hours, preferably fromO0.25 to 4 hours. In one enbodi nent,

t he st eana eaipeaitrefthbm GDMG N0t C Goefletdbins frbmosN0S&oth 6008 @iy meed une wat er -
in the formof steam anot her enbodi nent, the steam contai ning

envi ronﬁf;eﬁ?ral?:léirﬁoé‘i‘ ﬁéo(ﬁ to| EQQSF abion g PV(B’P%W\E“&M@E‘?‘“ i ©eh9wTHm of steam

The st earprGN, 3idhh 0% s&B Y HRRTERnERY b Yt dRE Nthe &ML AloRAhihe Ni tTOgeEN,

helium "flue gas, or any conbination thereof. [0011li Priof to heating the
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15 {0012 Prior to heatinp the catalyst in a steam-containing en\’ironmenl,rthe
halogen-containing catalyst may be heated in an oxygen—containihg environment at a
temperaturc of from 400°C to 1000°C. Alternatively, or in addition, after heating the
calalyst In a steam- contammg environment, the halogen-containing catalyst is heated

in an oxygen-containing environment at a temperature of from 400°C to 1000°C. The

20 oxyuen-containing environment preferably contains greater than 10% by volume
oxygen.
‘ j0013] One embodiment of removing halogen includes heating the catalyst in a

low moisture environment at a temperature from about 400°C to about 1000°, and
contactiny the heated catalyst with steam at a temperature from about 400°C to about

25 1000°C 10 produce a steam-treated catalyst. Preferably, the low moisture
environment contains less than 5% by volume, more preferably less than 1% by
volume, water. The steam treatment can take place in an oxygen enviromment. Alsg,
it is preferred that the steam treatment take place in an environment containing at

least 10% by volume water. In the preferred embodiment, the steam treatment can
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about. 400C to about 25 1000C to produce a steamtreated catal yst.
Preferably, the |l ow noisture environnent contains |ess than 5% by

vol ufre, nore preferably | ess than 1%by volune, water. The steam
treatnent can take place in an oxygen environnment. Also, it is preferred
that'.the steamtreatnent take place in an environnent containing at

| east 10% ol u Lr. In referred enbodi t, the steam
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SAPO-5, SAPO-8. SAPO-11. SAPO-1 G 5 SAPQ  17. SAPO 18. SAPQ 20. SAPO 3
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SAPO- 44,37S8RPA10, SSHRG:H65 ARDPR. 5APAUPGAPQ.47AREO1Es, ALROs31, ALPO 34,
ALPO- 36, ALPO- 37, ALPO-46, the netal containi nﬁ forns of each thereof;
or ni xt UMeBOt HeASHIO-1 8004 M3 1n ARG Fo ALhe6i AeRP-3 0 AARP16nth6f “ the |

hal ogen gan baidipR\BENS SRatRIbROR Y} nfiRRkdsith&edP! ecul ar sieve catal yst, by
heating the catal yst in an oxygen environnment } at a tenperature from .

about 4088140 aBearcthegmbadympitoinedon chbsthalreeata Ystemaisd fraghat act i ng -

t e heatreh £aliat yolecMd BieSt 8ARN M byohBAP Bt Ry fd HM-BRRHEnGOMmdie about.
1000C. Preferably, the oxygen environnent contains greater than .about 10%

by  vol wite terperatre from abont 409 prie plepyt d Q00 Thigtprednse ¢t heatpdi qreshtsheand . t ake
llolna?rgni oAthching Vﬂe%ﬂé&"@&ﬁeys?%‘h%léﬁhﬁaq aﬁ&;ab&é‘ﬁe @9&%&@9%63& 1}59156’15’(5' water.
y cases,"the al ogen to be renoved w e cniorine, an
pr ef er ablopof@ oRrefbabily, #@%xl geradyoirbn @886 cobiainsedrephtr, thamawopriéVeabl y from:
about S04t 800U 1P2%J0% 281 08t L5 BELRTHGke Mokl 5y emoved from
15 environment containing at least about 10% by volume water. In many cases, the
halogen to be removed will be chlorine, and preferably from about 70% to about 99%
by weight, more preferably from about 0% to about 59% by weight, of the chiorine
will be removed from the heated catalyst,
[0015) In another embodiment, a portion of the halogen i:an be removed from a
20 non zeolitic molecular sieve catalyst by calcining the catalyst in an environment
containing steam at a temperature from about 400°C to about 1000°C, preferably
from about 500°C to about 800°C, and more preferably from about 550°C to about
700°C, to remove from about 70% to about 99.95% by weight of the halogen from
the catalyst. If the halogen to be removed from the catalyst is chlorine, the likely
25 source of the chlorine is aluminum chlorhydro) that is used 1o produce the catalyst.
The environment ¢can contain from 5% to about 10% by volume water, or at least 10%

by volume, water. The environment can further contain air, nitrogen, helium, flue

pas, or any combination thereof.



100151 I n anot her enbodinent, a portion of the halogen can be rﬁnfe/%ﬂ
froma 20 non zeolitic nol ecul ar sieve catal yst by cal cini ng e b
cat al y3€ P envi ronment contai ni ng steam at a t enper St ESIYBr%%about
400C to about 1000C, preferably from about 500C to about 800C, and nore
preferably from about 550C to about 700C, to renove from about 70%to
about 99.99% by wei ght of the halogem from the catalyst. If the hal ogen
to be renoved fromthe catalyst is chlorine, the likely 25 source of the
chlorine is alumnumchlorhydrol that is used to produce the catal yst.
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opt i onal I% heated in an oxygen environnent that contains greater than
about 5% Dby vol ume oxygen. 100171 In another enbodi nent, a portion of
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15 [0013] The invention also relates to a catalyst comprising a non-zeolitic
molecular sieve and an inorganic oxide binder, wherein the catalyst contains from 10
to 600 pprr by weight halogen, preferably from 10 to 400 ppm by weight halogen,
more preferably from 10 10 200 ppm by weight halogen, most preferably from 10 10
80 ppm by weight halogen, as determined by X-ray fluorescence. Preferably, the
20 halogen is chlorine and/or the inorganic oxide is aluminum oxide.
{0019 In an embodin';ent, the invention is directed to a catalyst containing a non
zeolitic molecular sieve, inorganic oxide matrix, and mairix matenal, wherein the
catalyst contains from about 10 ppmw to about 600 ppmw by weight halogen.
Generally, the halogen is chlorine, and the catalyst will contain from about 10 ppmw
25 to about 200 ppmw, preferably from about 10 ppmw to about 80 ppmw, chlorine. It
is also preferred that the catalyst have a GAL Index of less than about 5, more
preferably less than about 3, most preferably less than about 2. The non-zeolitic
molecular sieve in the catalyst is preferably selected from SAPQO-5, SAPO-8, SAPO-
11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35,
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oxi de is al um num oxi de. 100191 In an enbodi ment, the invention is
directed to a catalyst containing a dion zeolitic nol ecul ar sieve,
inorganic oxide matrix, and matrix material, wherein the catalyst

contai ns from about 10 ppnw to about 600 ppmw by wei ght hal ogen.
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that is Which afBrdfiaghrt EFAteTie! HEhe mon &R eIy St Somhivhin hatresh g of .

[ 00201 ThRnPERSER. MY €PédiOEkIIg] i@ prakaliBSertdnhNdico &k BOdroEABYLT Si ON
processes in which a feedstock IS c tact with a non zeolitic catalyst

F I om whi SRS BGRACHASOBESRE TEARRSET (N PESLISE T TeE4TPEf SrEEPesent
i ngent i ogystedt ai@s p?@eﬁcdﬁfdtl’difh@fsb%htpnsmg a non zeolitic molecular sieve,

inorganic oxide matrix, and matrix material, wherein the catalyst contains from 10
ppm to 600 ppm by weight halogen; (b) withdrawing from the reactor system an
effluent stream; and (c) passing the effluent gas through a re'covery system reco\}ering
at least the one or more conversiorn products.

20 {0021] In another embodiment, the present invention relates to a hydrocarbon
conversion process comprising the steps of: (a) providing a halogen-containing non-
zeolitic molecular sieve catalyst; (b) heating the catalyst in a low moisture
environiment at a temperature from 400°C to 1000°C; (¢) contacting the heated
catalyst with steam at a temperature from 400°C to 1000°C to produce a steam-

25 treated catalyst; (d) introducing a feedstock to a reactor system in the presence of the
steam-treated catalyst obtained at step (¢); (€) withdrawing from the reactor system an
effluent stream; and () passing the effiuent gas through a recovery system recovering

at least the one or more conversion products,



conversion process conprising the steps of (a) introducing a fﬁfﬂghqmﬁ to
a reactor 15 systemin the presence of a catalyst conprising

zeol i two ospbecul ar si eve, inorganic oxide matrix, and metwiso2msdaseri al ,
wherein. the catal yst contains from10 ppmto 600 ppm by wei ght hal ogen;
(b) withdrawirtg .fromthe reactor systeman effluent stream and (c)
passing the effluent gas through a rg | covery system recovering at |east
t he one or nore conversion products. 20 100211 In another enbodinent, the
present invention relates to a hydrocarbon conver si on process conprising

t he ste ( ) OVIdIn h onta n|n non- I|t c: nol ecul ar
si eve cg(fua?{/st ]a {“‘"’g "feﬁ”%e r§F‘§/n fn“eﬂ 8 oWt %%’(fﬁgcai' %hvi r onment
at a t eoqelesst o ﬁroﬁ:éﬂmOﬁQﬁ@ntgaha@@ﬂfof((ay:)uo@e:rm@ehmgeﬁ bentamaigetbn-cat al yst
with steamat a, tepperature fr 4OOC 1000C. t o groduce a steam 25

T eat od “EULAI POIECH R e R EPBHE A A Po BE SPBET LAm TR €8V IRYRERA | n t he

presenceg 1@hpdri@re S6HUDILC AT 68hCat S aiactohi e fl‘:@ﬁlteatcatﬁty@pwﬁtﬁ)steaﬁaez)i
wi t hdrawi ng fromthe reactorr]%%stem an effluent stream and (f) passing

the ef f Puemeergase FamatiiCae epypradpse e fiqeectoaed pyjalyat (Heast the one.,
or nore, @48, aqgicgé@cqqgta§eacltor]s ?\eBErgtl%p seﬂ\é\popﬁlje QeQiﬁ‘; Ereg‘te

PCTI USO 221 |I'n anot enbo e present |nvent| on
rel at es catolyat ﬁyaﬁm@athgm(C)d@hwehénamnauﬁromehsre@gwpﬁymmgntelﬁf@em eps of (a)

provi di ng.a,. [Eﬁn'dctg;‘;&aflﬂgh?e é}h{?&t%%‘ﬂur&%%'d AL EgLfs%J{ ?éco%bﬁ?r{f%aﬁ@ﬁs?' yst;

- (b) heatlng I N an 0xygen environ erature from
400C t 0 theGPBCr niwk ceomraenPHTQiUFhe heated catalyst with steamat 5 a -

eraé A from 49985};%%989.%[% O,!rirQQHFE.v@néérFﬂL‘é‘téJ B3l r&c%Pt?any St (d)

|ntrodu |ngafeedstoc to a react system-in e presence of
st eam t rcemteson puicatsystmplsing thedteps obfag profveding ¢ bplogen- hfelmtamnmndw—om t he

reactor z§é{l§¥c #ib%@uﬁiﬂ L:U@Qattal §t ( 2"]’Iggtlr%r}ge Fﬁtt}l g?ﬁﬁsah%gvirgﬁﬁngﬁt cloHﬁmm'gas .

thr OUgh a recovery systemr COV ring -at he one or nore conversion
pr oduct steaQOO%emnetanfrafrphwe‘irOOéﬁb@dIDWﬁ?t (c)remopmgdam 7PYhvePPi98ke bel ates to
a hydr OC\A?‘&']U of the halogen from the catalyst, thereby producing a steam-treated catalyst;
15 {d) introducing a feedstock to a reactor system in the presence of the steam-treated
catalyst obtained at step (c); () withdrawing from the reactor system an effluent
stream; and (f) passing the effluent gas through a recovery system recovenng at least
the one or more conversion products.
{0024] In each of the preceding embodiments, the present invention is applicable
20 to a wide range of processes including those in which the feedstock comprises one or
more oxygenates, ammonia, aromatic compounds, or mixtures thereof, which are

j converted to olefins, alkylamines or alkylated aromatic compounds. The invention is

also applicable for feedstock cracking and dewaxing.

25 Briel Description of the Drawing

[0025] The present invention will be better understood by reference to the
Detailed Description of the Invention when taken together with the attached drawing,
wherein Figure 1 1s a schematic representation of one embodiment for removing

chlorine from a formed catalyst.



conversi on process conprising the steps of (a) providing a 13 DEC 7005
hal ogen-cont ai ni ng non- zeolitic nolecular sieve catalyst; (b) heating

t he catwbystoosn an environnent containing steam at a tenpensburmssrom
400C to 1000C, (c) renoving from70%to 99.99% by weight of the hal ogen
fromthe catal yst, thereby producing asteamtreated catal yst; 15 (d)
introducing a feedstock to a reactor ¢systemin the presence of the
steamtreated catalyst obtained at step (c); (e) withdrawing fromthe
reactor systeman effluent stream and (f) passing the effluent gas
through a recovery systemrecovering at |least the one or nore conversion
products. 100241 In each of the preceding embodi ments, the present
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hon zeol P I et e e R rohpns uPbE et e B e R RS,
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15 process units. While the invention will be further illustrated for the case where the
halogen is chlorine, it should be understood that the invention applies to other
halogens as well, such as fluorine, bromine and iodine. In the case of a catalyst,
containing chlorine, hydrochloric acid will form in the oxygenate to olefin reactor.
HC/{ may be in the gas or condensed form, usually in a hydrated form, hereinafter

20 referred to as HCl.g). All forms of acids are potentially corosive, the hydrated form
beiny the mo-s‘t corrosive.

i [0027] The invention addresses the problem associated with the use of inorganic
oxide sols that contains halogen by removing much of the halogen from the catalyst
during calcination of the catalyst. The invention addresses these problems by

25 providing methods of heat treating or calcining a formed non-zeolitic molecular sieve
catalyst prepared with an inorganic oxide soi that contains halogen. The methods of
the invention minimize the production of halogen-containing acids, or at least

confines much of the produced halogen-containing acids to a single heating or

calcination unit that can be designed to accommodate the corrosive effects of



renove nost, if not nearly all, of the hal ogen fromthe catal ys%mge?ﬂg?

t he Ca%yﬁ‘{qmlﬁ used in the oxygenate to ol efin processpchfysiBslss®f the
hal ogen.is not renmoved from the catal yst, hal ogen-containing acids will
formin-the oxygenate to olefin reactor. Over tine, the released acid

wi |l corrode the oxygenate to ol efin reactor and other 15 process units.

While the invention will be further illustrated for the case where the
hal ogen is chlorine, it should be understood that the invention applies
to other, halogens as well, such as fluarine, bromine and iodine, In the

case of *X’%f‘aq"?é%‘“'“gééﬁﬁafrhi: Athads of Isdnventien aisvirseuce the paowntal form i n

the oxyQe@led rbRall ;?g hﬂhé @ﬁﬁ?@(avar et o BLVRRt bR bRR @S OF condensed
form usually in a hydrated form hereinafter 20 referred to as HCl ("4).
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with the use of 1 norgani oxi de sol's that contalns halogen by renmovi ng
mugh of drird andlisbaesd bradpmning et af rpferablyuhe slgryag enrpptdiioh 208 atdne

cat al sty TNE KDL AN AYES 8 ERGIPLADLERy ko 28, DEQHLT N9 T hods

of heat treating-or calcinin non-zeol1tic rm ecul ar sieve
cat al ystcamlma'ré)dn\methrfamdi norgdsined.oxi de sot that contains hal ogen. The

et hods Bhaaf e dUEMACR LIRS, L e BLAANERLAR, Al digAdage contal g

aci ds, | east contines much o al ogen-cofitai ni ng aci ds
to a si ngtusteaf thedramewarkl Slunagicaleingtiprp atl rapart ahthisgéeripatgmelgculy .
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aI so redp,nreclt:h@hammelbh!ghha'hggequsmd dumgp Faicipmeorcatmifyst thever that of
conventi gngl,, R REEIUI &S fn%Q.?a%%c Ji8e erﬂ! ls thid n%ar ﬁul%xPJe‘%}?ﬁF.k%

slurry contalning non-zeo sl eve, i norgani ¢ OXxl
bi nder, wattagesithe pitntiomtesrsiaake Oﬁﬁecﬁh‘l}rﬁmﬂﬂ'@e{ hen 5 dried and shaped in

a form NEhodd] ¢ - 1PL ShA @RbYar c%f&?na%h‘ Fokel $P£s%)é ofid &Qalyﬁr&gaémqr‘ig/ powder

catalyst with an average catalyst particle size is obtained. The forned
cagal ystchlsr-mdaelmaﬂmataturrgelataerchttqm@raw@algmamahan[ng) JaGed movmts ofn i s used

tor em)vﬁctl Ql‘% grggpce%to%er (rlTRe uﬂilnle%alcrn%moﬁ Ggltc%ggfoymatiqn of HCl.yis the |
result of small amounts of water or water vapor conta’ined in the air and the water
generated from the oxidative combustion of the arganic template during calcination.
The released HC), if not accounted for, will eventually corrode the heating or
20 calcination vnit. Therefore, it is desirable to control the removal of chlorine from the
catalyst in a manner that will either nunimize the amount of HCI produced during the
calcination process or limit the evolution of HCI to a single calcination unit.
[0031} A conventional calcination procedure also does not remove enough of the
halogen from the catalyst. In the case of chlorine, the remaining chlorine in the
25 catalyst is then released into the oxygenate to olr:ﬁﬁ reactor and other oxygenate to
olefin process units as HCl. due to the hydrothermal conditions of the oxygenate to
olefin process. If not accounted for, the release of this HCl;,) will corrode the
oxygenate to olefin process units. The presence of HCl.,, in the olefin monomer feed

used tor polymenzation might also damage or poison expensive polymerization



structure of the framework. During calcination all or part of the
tenpl ate nolecule 10 exits the cage structure. Calcination is ggt[ zpﬁid
to harg‘ecp”}/m:ﬂorned catal yst particle. The relatively h| h/ ten]ﬁ

used during calcination transformthe inorganic oxide st 'Ug"

inorganic oxide matrix. It is this inorganic oxide matrix that increases
the attrition resistance of the catal ){st particle. 100301 if a
conventional cal ci nation procedure i d1used on a catal yst containing 15
chlorine, that is, heating in air at tenperatures greater than 400C,

| arge amounts of | Mare produced over tinme in the calcination unit. The
f or mat i o¥tAFsHCT herefpr s itindesiraglaulq regfovs malmuch sblonns fiom thgtceralyst wat er
vapor co N t dative
Conbust | oIS ik, Blee 0 2L RS i e 1o R A 1 T I T
i f not abcoﬂmemdteftorojefw pbrbceventt:ual |y corrode the heat| ng or 20

cal ci nat un| t Ther i tPuGonLr 9 t he renoval of
chl ori neII ?r om t ﬁés “ lf ? ustm% {%'%acafrténr?ﬁér "%er?hcfds of !]emv '0" W' m ze the
anbunt ofeoHiGt npﬂﬁdnlmed:vdumangt whb Imuahmummtofbaiogasrome&sa:md lAmt the.
evol uti on P ed ! tsr ngn ca gclm at i OR AW Lo cu% A corllventl onal ,
cal ci natﬁ’rgnerbr58§dylf g ?iFsoveBo%"s Aot 't em)ve ré‘rﬁ’oﬂu THFVERE ® 'Hai"6gen from
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t he oxyggna o olefin cess U 003 res ng the
cal ci nat 1. ona'ﬁ%%ﬁvedasgocfssfo{iu{nqioﬁven E%I%E) gjdﬁﬁﬁ?%éﬁ% (Eauqlsi |eger'1rimb@l c&u’iﬂér si eve
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Index, the more resistant to attrition 15 the catalyst,

Non zeolitic Molecular Sieve

[0033] The catalyst used according to the present invention contains a non
20 zeolitic molecular sieve. Examsles of suitable non-zeolitic molecular sieves are
silicoaluminophosphates (SAPOs) and aluminophosphates (ALPOs).In general,
SAPO molecular sieves comprise a molecular framework of corner-sharing [S10,],
[AlO.), and [PO,) tetrahedral units. The [PO 4] tetrahedral units are provided by a
variety of compositions. Examples of these phosphorus-containing compositions
25 include phosphoric acid, organic phosphates such as triethyl phosphate, and
aluminophosphates. The [A10,] tetrabedral units are provided by a variety of
compositions. Examples of these aluminum-containing compositions include
aluminum alkoxides such as aluminum isopropoxide, aluminum phosphates,

aluminum hydroxide, sodium aluminate, and pseudoboehmite. The [SiQ,] tetrahedral



preferred catal yst of the invention contains a SAPO nol ecul ar sieve, an
al um nurB(ma("ilde matri x, and clay, nost preferably Kaolin, Thg &@g%ﬁylﬁﬂﬁ
will al'sbcott'din some hal ogen resulting fromthe use of “HUBY% t hat
cont.ai ns hal ogen. Although the invention is directed to renoving as nuch
hal ogen fromthe catal yst as efficiently possible, sone of the hal ogen
is not renoved during the cal ci nati oh2process. Follow ng the cal ci nation
procedures of the invention, the catalyst will contain from about 10
ppmw to 600 ppnw hal ogen, preferably from about 10 ppnw to 200 pprmw .

hal ogen,untere: poeided alplayvafieymfabopbsiliOnp phvent geSd thprersilidual@perininghe
catalyst. wll. al so have. ss ALtritian Lpss ((GAL). I ndex of |ess than
5, pref era Dflmgn CUdfg‘ll%ﬁ 8)% ﬁ%(ejssgl}ctl an ,m&r%ﬁrs‘ééhparsé%g? 5&)@ a GAL | ndex

| ess t hamthdsilitire. Ihalphesphivhe-,GAimingde xandtshiéconmoroatadieisg sbapbsitionaatkr i ti on
is the catal Y’?ﬁ" Nongjéﬁo! [ tilcel\/bliecgl ar, Si eve 00331 The catal yst used
accor di 1B"FY ™ RV BFUhT MRV ER TS S RS e PRSP AL FIRFOREP ecul ar

e
sigve. anphesortulatisikadl e non-zeolitic nol ecul ar sieves are sill

By ‘
coal um osphat SAP and al um nophosphates . (ALPGs).In general, .
SAPO rmﬁgﬁ{f}”arp Sﬁ%&e&%‘&%ﬁ)’ P‘f«‘éesaarﬁﬁl:’éedﬁlll?%?la ?@W%‘F“%@P%@ % sharing
[ Si 04] , mibdk@éhaviapd, [ CQ4] 2 inpdmiphedrifd staftitires. Thae [(RQ sdlictuedsrahedr al
units are Erovi ded by a. variety of cor?gsisti“ons. Exanpl es 'of these
phos phortiy® aBAY HPRT AY SCHpY' t§ DAY 20981 P iB& S phisteEeddes Bie or gani ¢
phosphat @falspih SAP O fictdchMl siebasphaigean Arehgalpardyinophesnhat asout The [ A104)

tetrahedral units are provided by a variety of . conpositions. Exanples of
tﬁé}kse o A TR BHETON ?1“9*“’(?6?55&’§¥"t?‘6?1'?"ﬁﬁ‘§lf£?d’éab%‘&rﬁW sRB%Sdes such

as -al unm qor jrsRpbPPRYIIRS 1l o ﬁhgﬁﬂﬁk@h@ﬁb@%&&ﬁizeﬁhﬂé@ﬁm&m drysksiexdisle,
sodi um al.um nat.e, and pseudoboehm te. The [Si 04) tetrahedral W
03/(‘11H154‘i"fsli5(“:‘T‘P$J§@e'ﬂET—r|E 2885 12 units are provided by a variety of
conposi tjooss). BEpanpliesndhoigrata ASil0)eaGebO Hévei daf alsoWElAsuliédimahé Ncl ude.
silica sols and sil.i.cium al koxi des such as tetra ethyl .orthosilicate.
The phosPFRFISEmPRTIAR naM™ "SR SEMF EUHeRUH LR HE CCOMINET i ons ar o
mixed W mltrogdreds adidesawhierrpiralia el AP Ol drandvdre alted dinderve agpnopl i at e

conditions, to _ ' _ _ o
elements within the framework, typically have uniform pore dirmensions ranging from

about 3 Angstroms to about 10 Angstroms, and are cépablc of molecular size
selective separations of molecular species. More than two dozén structure types have
been reported, including zeolite topological analogues.

20 {0036] For a catalyst used in the conversion of oxygenate to light olefin the non-
zeolitic molecular sieve will have a relatively low Si/Al; ratio. In general, for
SAPOs, a Si/Al; ratio of less than 0.65 is desirable, with a Si/Al; ratio of not greater
than 0.40 being preferred, and a Si/Al; ratio of not greater than 0.32 being particularly
preferred. A Si/Al; ratio of not greater than 0.20 is most preferred.

25 [0037] Substituted SAPOs and ALPOs can also be used in this invention. These
compounds are generally known as MeAPSOs, MeAPQOs, metal-containing
siticoaluminophosphates or metal-containing aluminophosphates. The metal can be
alkali metal ions (Group lA), aikaline earth metal ions (Group I1A), rare earth 10n0s

(Group UIB, including the lanthanide elements, and the additional transition cations



5 formthe nol ecul ar sieve. 100341 ' SAPO nol ecul ar si eves are1ggﬁﬁéﬁg
classified as being mcroporous materials having 8, 10, or

ri ng stwQevipped. These ring structures can have an aver BG&USOI/B48% ze
rangi ng from about 3.5-15 angstrons. Preferred are the small pore SAPO
mol ecul ar' si eves having an average pore size of |ess than about 5 10
angstronms, preferably an average poregssize ranging fromabout 3.5 to 5
angstrons, nore preferably from3.5 to 4.2 angstrons. These pore sizes
are fypical of nolecular sieves having 8 nenbered rings. 100351 An

ai ur ni noghgsapaie Iﬁé\Lﬂ?% \J@'\?}%‘J'af’;hg%sénﬁ"@ﬂ rPr%}'e?&l?ijs REd }égﬁ‘egerhé‘ the

cat al yst conposi t'i on um’noph at e ecul ar eves are crystalline
15 m croipomansctmsl%te@hv\mct(hu c'ﬁhESIqawc&namWeP@ﬂerfqdamwm letrafibdrgl can have

additio £ f eunlformpore
di mensi gng’s ra!r)\rgﬁqﬁ% % Cg%)&:{rggeck%l rol%0 g'%% {M’fdg on}pc?’rrrlgm and are
capabl e mftymullacatlca:mpasm by&dhﬁ@tthﬂ@e@pamabnmslunﬁg mﬂtbmud @fithepeci es.

I\/b e than V\Dngen ]itruc ‘" %F . C‘een atoporte? |ncL¢|d| ng .
lite TOPSYB5TELT ﬂa”rf"‘”u%‘:‘sS s Tsc'fo@é‘f ESPPLHRPAPY SEEOREE T n ¢ he

conver si @o3sf ox3sgEDahe Atm’O inghdcu bk e es thixazan die-uszdtlelude S ARDSCUl ar  si eve

w Il hav rel I LAl t S Si/A 2
~ratio of gf‘ﬁg) § ﬁ&ldg %Algg @eéﬁygﬁl Z g‘%@l’}% ggﬂﬁ&% %f’&%ﬁé'] ?K%@f?’ﬁr eat.er
t han 0. 48Abeing s@mesrs/dpomdsm AR SAR @Ml pSAPORa, SureaierSAPan 0. 32 .
bei ng parti A of, r,.than 0.20 is

nmost pre J’Fﬁ@ SQSAEE glhsﬁ(gégrﬁgksggl%ﬁaégﬁ Akﬁéﬁgéﬁra#(;’go be used in
thns i nvampmm Alhrcas, ﬂﬁm}&)ﬂﬂnﬂﬁta&ﬁﬁg geRBtRdreyf, knDmikracs MeARSOs, . McAPCs;
net'al - i ni ng silic e o] p or
al um nop rc? PRSt BE SA Pelﬁwaﬁp;q& ngﬁga‘%aﬁzﬁzo‘ﬁﬁ’tngﬁg Pc‘)g‘g p(@(gﬂgg"f’ﬂ)
al kal i nese®Q-ba rphduldrBNSARCHIGUBAPDA) 4, AlR®-3@aint LIS 8, inGualn the B,
i ncl udi ngﬁtglk]le | ant hani de el enents itional It rtﬁnm tion cations

1 30EC 206" e'es/olorr sese J‘éd%‘/"i%ﬁ%‘rhi?"g? At Ers Ao VB, VB,
VTB VI Thixtandhs ¥hdrigmdas @f:&fr&b‘lw;latidﬂ&nﬂ/hs tcapideseind cs)m;a:tsurfm cﬂ‘uﬂncas Zn,
and QJvapxsg gr r%%?engorggirr],erggull Ggr?!{nt ep?ollaor}agnst peegaF ésrs%ti]ehmr physical
state,
[0039] SAPO and ALPO molecular sieves are sylfﬁthesized by hydrothermal
crystattization methods generally known in the art. See, for|cxarnple, U.S. Pat. T‘;Ios.
4,440 871; 4,861,743 5,096,684; and 5,126,308, the disclosures of which are fully
20 incorporated herein by reference. A reaction mixture is formed by mixing together
reactive silicon, aluminum and phosphorus components, along with at least one
template. Generally the mixture is sealed and heated, preferably under autogenous
pressure, to a temperature of at least 100°C, preferably from 100-250°C, until a
crystalline product is formed.
25 [0040] Formation of the crystalline product can take anywhere from around 2
hours to as much as 2 weeks. In some cases, stirming or seeding with crystalline
material will facilitate the formation of the product. Typically, the molecular sieve

preduct is formed in solution. It can be recovered by standard means, such as by

centrifugation or filtration. The product can also be washed, recovered by the



framework through a [Me02} tetrahedral unit. Incorporation of thg]DEEtgH,
component is typically acconplished by adding the nmetal conponent during
synt hd¥@ 83/¢itthe nol ecul ar si eve. However, post-synt he8CE/user/ai+sy

i ncorporation can al so be used. 100381 SAPO and ALPO mol ecul ar si eves

t hat can be used include SAPO-5, SAPO 8, SAPO-1'1, SAPO 16, SAPO 17,
SAPO- 18, SAPO- 20, SAPO 31, SAPOr 34, 14SAPO- 35, SAPO- 36, SAPO- 37, SAPO- 40,
SAPO 41; SAPO 42, SAPO 44, SAPO 47, SAPO 56, ALPO 5, ALPO 11, ALPO 18,
ALPO-3 1, ALPO-34, ALPO 36, ALPO 37, ALPO-46, the netal containing forms

t her eof r X 34, SAPO 35,
SA. PO ﬁa'ﬁ%idpgeé%su Eﬁ{%’t&}%sm?ﬁ m'ﬂ;&f ?,gg,«gggg{r;\tglr §§Y qu”gmitg%gls SAPO- 34,

ALPO- 34¢clledteAbP@ fiig ptipmprogesis rﬁ@ﬂttﬂﬁ’enta metthd mobsstlar smenglrf Qv farer eof , and
m xt ur h:E ﬁ? (&0 mcfa‘ﬁey&%gneé;&%&' foid L fnd Jﬁt[)lrncu]g‘% ?.%E coﬁcﬁX mus with

conbln I'S consl a conposition aV|ng two or
nor e colrlnp(s_mlahesas scluner. y| ng proportions, regardl ess of their physical

o, BT SN SRRV N LA R R oo,

crys "ON e ene nown
forl ex&m}hhe caﬂall}St orPaty cavolse used aﬂéﬂqa&?&moﬂec&&l ;517:48 cataly9RGyn G8dhxrared
5,126, 308, .t he d|3ﬁgosu in ted herein by

YV 20
ref er ent 8P ¢ Tz c"hllacf’barremf%c?[a‘ry '?dﬁsfed >§% 5‘“{%8&?% SMP8act i ve .
si | i conporalnoiedilansaevds plaosiehoitalde Conpeemisinvaltongnaiutié ARL, ABESt one
t enpl at I Kq',;g%,u i C d d ferably under -
aut ogenggg’eﬁgﬁ?stﬁé%{j?’o a e?rg%’r ‘?‘ET(ZL%‘F Cgﬂ nggﬁgﬁo%??’&ﬁéferabl y from
100- 250GOMIKFI, LBV, LOMLAIA, iM@N;)PMU@&ﬂiBH]’Q)rRrEE@l TR, 1RDAbitifuesdat i on of
t he crygtalllne roduct gan t ake .anywhere fr hours .t o as nuch

as 2 wetky o UERLU LyPes of Fieaiiur Bredadlsy ﬂ%r s\ﬁveﬁqﬁl yéetsé‘l‘tﬂglﬁéor mat eri al
wi | |. f agsd intihils énddadoh icimiei A, wﬂE]Lth[w @G0 MTIy piEa| HBR, AT®, ABLecul ar
Si eve uct, i.s S recover st andar d.
gl e T A e R S e R
washed, afeafeearéfeddn Ryeatdn@etil3n fﬂEOﬂ?{ﬂQﬂZ\i@n@%‘&/}:@dﬁM@p}v REMINER2/ 13489 14
15 and D.H. Olsen, Butterworth Heineman, 3rd ed., 1997, the detailed description of

which is explicitly incorporated herein by reference. Preferred molecular sieves

which can be combined with a silicoaluminophosphate and/or an aluminophosphate

catalyst include ZSM-5, ZSM-34, enonite, and chabazite.

20 Binders

[0042) Once the desired type or types of non-zeolitic molecular sieve is selected
) based upon the desired activity and selectivity of the catalyst, other materials are

blended with the non-zeohitic molecular sieve. One of these materials includes one or
more binders, such as a type of hydrated alumina, and/or an inorganic oxide sol such

25 as aluminum chlorhydrol. The inorganic oxide sol is essentially a “glue” which binds
the catalyst components together upon thermal treatment. After the formed catalyst
particie is formed and heated, the inorganic oxide sol 15 converted to an inorganic
oxide matrix component. For example, an alumina sol will convert to an aluminum

oxide matrix following a heat treatment of the formed catalyst. Aluminum



standard neans, and dried. In one nethod, the nol ecul ar sieve is washed
and collected by a filtration process that maintains the nnlﬁggtgqmgleve
in slurry form This process includes adding wash fluid as the nolecul ar,
si eve |§¥6%W8ﬂﬁtrated from the synthesis solution. 5 10047YSR4dHH onal
nol ecul ar sieve materials can be included as a part of the non zeolitic
catal yst or they can be used as separate nol ecul ar sieve catal ysts in
adm xture wth the non zeolitic nol &zul ar sieve catal yst if desired.
Strugtural types of small pore nolecul ar sieves that are suitable for use
in this invention include AEl, AFT, APC, ATN, ATT, ATV, AWN B1K, CAS,
CHA, C""c,hld}]%roma hyBEIxyl e alumlnuim 6830d sKRlontdiliVg chidyidelal fhe daier PAU,

PH , RHQO, THO, and substituted forns tPereof Structural types of
medi um ger- eAl'HfF'é'HG‘I chlorby grobhasithe gengrad fermyla g AlQn(OH)de ™ 20ni s i nvent i on
i ncl ude WMireinMeks 1 Y nEUD:0 MiTis sSREMo. FER tAFQand ks 0 1ol $, ARRGUgh
substituted forms thereof. These small and medi um pore nol ecul ar' si eves
are desdbs palibma e damena speeisy in thestinecanplgy, Be pedbmieangsperiesusal  Types,
WM Meiglieden @nd (Ri b f@}@ﬁ@:n <ﬁl5tt>3 S vmramt.lslsl AR miHaOn§drals dR97, the

det ai'led descrlptlon éxplicitly incorporated herein by

r ef er endie. adpeépéihiterialnpliegu chlorhyidey e Matofale Hhag sap breusedibiinés but 2 a
silicoal e cl ude

oM 5, B B O op B Rl e~
desi r ed anggenpitiopsipbamighs -ﬂz@oﬂlvwr@, Aol aeimaay-aimive &-alugena et ed ti
based u e I i f st, other
e g e i R S (T SR S

t hese netagriigl soidstednddesdoyniieond mupterepthesraf sslsasuotbeased. fyspEiaénthydr at ed
al um na, dro

The i noré’gér}?{t:gg%%g) A&Pgsga?dgkgéogéhg@r@%mwgE? %ﬁ“ﬁ& ﬂﬁ%'&i"ﬂ?s‘}@ en%:/at al yst
conponeritgrenogetxiiermetpsnin thremaimiy st trroeatdmhma tlmfln@gamlh@xx‘d;rfmcbmt\afyst
parti ! kSl SLIRL ABHNEALER, 1l WDKKk 8043 Iwdippenver ted o an
i norgani ¢ oxide matrix conpohent. For exanp a a so] wll
convert nrefesablnframi shont S6id deout@OVi ty W@iglhb\nﬂﬁ@%ie h@é@ral?ln’émremutof the

f ot med catal X§$mle‘1/¢%'9 Q,léirrht'LS DEC 2005 WO 113/111104 | 1

Matrix Materials

jo043) The non zeolitic molecular sieve catalysts will at'so contain clay,
preferably Kaolin. Matrix materials may also include compositions such as various
20 forms of rare earth metals, metal oxides, titania, zirconia, magnesia, thoria, beryllia,
quartz, silica or silica or stlica sol, and mixtures thereof. The added matrix materials
components are effective in reducing, inter alia, overall catalyst cost, acting as a
thermal sink to assist in heat shielding the catalyst dunng regeneration, densifying the
catalyst and increasing catalyst strength. The use of matrix materials such as naturally
25 occurring clays, e.g., bentonite and kaolin, improves the crush strength of the catalyst
under commercial operating conditions. Thus, the addition of clays improve upon the
attrition resistance of the catalyst. The inactive materials also serve as diluents to
control the rate of conversion in a given process so that more expensive means for

controlling the rate of reaction is eliminated or minimized. Naturally occurring clays



15 PCTI U502113- 189 chlorhydrol is a hydroxyl ated al uni num baséd B6)2005
cont ai ride as the counter ion. Al um num chlor ot he
genera?b;}g#ﬁﬂjllg of AlnO'(OH),, d pXH2O wherein mis | t(t}y(g'(g%ozhl%§s o 8,
oOis 5to 40, pis 2to 15, and x is 0 to 30. Although the eqU|I|br|a of
alum na species in the sot is conple t he predom nant species is 5
believed to be JA11304( CH) 24C -, (H20§<6_L2 In addition, other alum na
materials may be added with the al um num chlorhydrol. Materials that can
be used i ncI ude, but are not necessarily limted to al um num

oxyhydr 341 decamhieaisgerimibe FsesenrPYentiodiagpde the mensaoritlaniss andkmlinal uni nas
such as f?mﬁmlek‘mhn@v1n9ru§L%9ﬂ§benTé(nnﬂ=|sL'e[Hdrlﬂe ka1 Hs U3 on Ty l&lownrybr]ﬁme

x-alum na, and p-alumna. Alum numtrih droxu§ such b

bayerit & cIasners Geargl# ped F Wodeklaye, or@ﬁderm whishdbe miair leoferalapbswtcan be

used. A‘ssﬁjlquqgee@atolmﬁgocﬁag”eop ﬁt,nt'e Rafgs.l s added to the slurry mxture
so t hat e resultant |norgan|c oxide matrix in the

cat al ysi0044dt i As Ivudx mgsttdalysmoriganiusedii tie ifveanewes &n iert dehgfier,

non- zé&ol I t by melghtl S

prefer ab}.1Eilf rrtg‘gf)n g’g a?{g"?% fagehaf)g tegtggryngg%v\glcz%élguggpyerlr%%g'%r eferably from

about 15ia%%1tsmbahgm¢ fcﬂrﬂ%tbypalm gigh soMdtcontenibeies,dbw 3B 48X adeh@enon

zeolitic m)l &Cu ve cat St al so..co tal n erably

Kaol i.n. “REFH x r%a causec’ta"%/sgf%lle\r{lmé m%rec%%aslﬂaﬂécﬁ]garﬁ : tag{ee{':/’arl ous

20 f or ngawfyst a:roeesaa-rg hrhmiraﬂesgd awdragde roxticlesize bf tharkaalin 15 0.t uad 8y, nagnesi 4,

ria, II artz, sili SI|I a_or silica sol.., and m xtures .

b eot CERE e B Tge Rar Bt e Sl n i e, PR

r educi nghe cnyttenmalsna:,a cone:nadaﬂthcalhaﬂaysals@beaommtlnf;@mt pararh Bter. mal sink to

assi st in heat shielding the catalyst during regeneration, densifying the

catal yst and increasing catalyst strength, The use of matri X materials

such as Madmnr aid &prﬁﬁmy:iﬁ:grri ng cl ays e.g., bentonite and kaolin,

i nprove sh strengtl cal al under comer CI al oper ati ng

conar ¢ 1 380 rhu et BHGE pOhe SEFC MRS MG s A ReProbfe T on

resi st aneed @Enstehﬁomagaieyssi catalp® panstd |T/I&: prabavyicahs:qacse o&‘@nmemaengh | uent s

to control thet % rc}/?s |on l| n g tqh\:/ n %rafeecss so L h% T

expensi V&° H%%frf’é”ft%f’a” BRYT GRS PHPRAGIOP &4 B SR RODeRE (CAY'SS ted or

m ni m zead. inhabpllesd rhyc:@camrmorrg”fe@t iy Sctivity and selectivity of the catalyst.

Generally, the mixers are of a high shear type because of the thixotropic nature of the
slurries. The resultant slurry may be colloid-miiled for a period sufficient 1o obtain a

20 desired sub-particie texture, sub-particle size, and/or sub-particle size distribution.
|0046) The catalyst particle contains a plurality of catalyst sub-particles. The
average diameter of the catalyst particle is from 40 pm to 300 pm, preferably from 50

i wm to 200 um. The catalyst sub-particles contain non-zeolite molecular sieve,

typically SAPO molecular sieve, an aluminum oxide matrix, and a matnix material,

25 typically clay. Preparation of the catalyst begins with mixing one or more non-zeolite
molecular sieve, one or more inorganic oxide sols, one or more matrix materials, and
a flind. typically water, to form a slurry. Other fluids, e.g., alcohol, can be used along

with the water.



1 3 DEC 2005 WD 03/0004. 11 PCT/ US02/ 13-489 16 which can be u§§gEEqu§he
present invention include the montnorillonite and kaolin famlies ich
i ncl udEoedHbbent onites, and t he kaol i ns, comonly kn&@n/us92/Dixs e,
McNanee, Georgia and Florida clays, or other in which the main m neral
constituent is haloysite, kaolinite, dickitc, nacrite, or anauxjte. 5
100441 As wth nost catalysts clay igrused in the invention as an inert
densi.fier, and. for the nost part the clay has no effect on catalytic
acti'vity or selectivity. Kaolin's ability to form punpable, high solid

cont ent yyad 11 Sfne dBRLIL SRR, %gﬁedagy%x.ngmgnsﬁzzgf%? RREELAY. because of

its platelet structure make rticularly surt or catal yst
processﬁlnge withealymisber shderhadel agdKpalm ¢ley.dogether apfin sépuekembidryis 0.1 p. m

to 10 9,6 B DM hL qfﬁ%os}?@ag L;EC;JdﬂFftoﬁsmgﬁ @@g%l.&r rr'?? RaAae of

enV|ronnentaI concerns e crysta & sil e clay has
aI s0 beconmlizd amppor omateparaédsi €Fhe fxy mgy o cﬁptaag/cﬂﬁleymrag:na[soo45[

R90r OBl Kl el e P RLALIRL EOIMNGRI Rk APSRRPALY: o REgHlUCe @ 19

hard, dense, *honogeneous c nsequence of
poor m )’{'llmgxeqwcesoqaqousfthft tattalysmdahdmpdmm@astaéqgﬁi oﬁmnsatayyst Stratification -

of the nts caused t.e m gan al sa ffect the
acti vi tgf;i B q dLf AP Ofbyyzfiﬁrwcrz‘gf%% 'S megi aEFei'Vra'thgasrﬁefgrs are of a
hi gh Shé@lnd’[ty;pehd:)ﬁ'eghsﬁer@énttdﬁeohdshhxhﬁs‘lmp}’ camahge froaf 20%eo 76%Wwyr i es. The

resultant .slurr |.0i.d; nd, Rer ad, suffi nt. to obtain
a 28 ded1§E éi’upsr %”g’igfma gBJ I‘E’E;r/"eby i Lartl ‘%T'ﬁgt Fyeéﬁl ?8“? solids. part i I(:I e
si'ze di $i rHel3utriyos .gredi€lQ4G] 7OFAaey®am@thm& vpamtnycdfehcﬂmraum&mau@{ wrality of
catal yst su ar The, avera nmet.er , of 1 article is
o AD 35 T BBy S PE i TPy ol 1o B byP 2t

sub- par twatgiesha:muainrreﬂnanmlthé entfipitacpbar Isis alse, des .tray:pe aatl ihe SAPO
n al um num OXI er i aI

vt cal 5y testaph pREEIEroron hE ek e R HERA Wherk 85 e or
nor e noﬁoﬁ:emelch&lysm)daiaﬁuIlawvensxbeve one or nore inorganic oxi de sol s, one
(C){f'ng:’)r fel[H?ﬂ{]ﬂgl X Fgé se(glil31 ?ﬁﬂt ogl(!ugﬁ ué'rgzl xivdjlél CE?¥I§E1 xbalémX 1%@5 t%ra’bout 50 f;)r ma Sl urry.
preferably from about 20% to about 45% by weight, non-zeolitic molecular sieve,
about 5% to about 20%, preferably from about 8% to about 15% by weight, binder,l
and about 30% to about 80%, preferably about 40% to aboutJ 60% by weight, matrix
material. The slurry is mixed or milled to achieve a sufficiently uniform slurry of
20 catalyst sub-particles. The slurry is then fedto a forming unit to produce catalyst
particles. The forming unit is maintained at a temperature sufficient to remove most
of the water from the formed catalyst particles. Preferably, the forming unit is a spray
dryer. The formed catalyst particles typically take the form of microspheres.
Typically, the slurry is fed to a spray drier at an. average inlet temperature ranging
25 from 200°C to 450°C, and an ocutlet temperature ranging from 100°C to about 225°C.
|0049] During spray drying, the slurry is passed through a nozzle which
distributes the slurry into small droplets, resembling an aerosol. A single nozzle unit
or multiple nozzle unit may be used to disperse an inlet stream of slurry (single-fluid

nozzle) into the atomization chamber. Altermnatively, a multiple nozzles may be used



with the water. 13 DEC 2005 WD 03/4100411 PCT/U502/13489 17 [ 0Q47k (T
preferred slurry is prepared by m xing .the non-zeolitic nol ecular 'sieve.
wi t h. a8t Ehl or hydrol and Kaolin clay, together or iffFSEYHIEAEE in
dry formor as slurries. If the solids are added together as dry solids,
alimted and controlled amount of water is added. The slurry may al so
contain other materials 5 including o8her fornms of nolecul ar sieve, other °
bi nders, and other matrix materials. The nesoporosity of the catal yst
and'the nmechani cal strength of the catalyst is dependent. on the anount
of wat efo Goftad MediurR ihREh8 hidhkiYatidnthaBBEF 3Alterhin iy theqlry hound that the.
wei ght percent of solids in the slurry can range from 20%%0_70% by
wei ght , 9preeted tabieperimate a0 ospyretoy Byel wdight'se reibutarshasbglidnBer cent of
solids syfhitd¥epitlsUrrhy st FueabishivhRANIAAYABYINSE 8bhrollddbVhagesi ty of the
slurry is too %l h to. spray dry, and vwhen the wei ght peéercent of solids
in the dpepiyneladingdtow ik reospisyandtemgrratrp el deshirey, gre shers andance of t he
&g al yStgin3nfQRbF thktnokste@) I tHESid AR Burd biBthe WhGel A8RbYIRNrd iRy Sl UrTY be
greater tl_ha?_l 1.1 tg/ cng, gﬁgl pr ef?r'arg% gr eat gr,. tﬁan 1. 1r8iy§/ él(r:tp ?ormth.e.
cat al ystadgiedfin gispupgptgitdognter-£8oegfleg ofhiepassing shrevsh tetspay drigs: sl urry
w il congai 10%: tor Q%R 0% t o about
45% by e gt RS b Py SRR o AR e EoT e e R ARt 2056
pr ef er ab0958)r omCabrdyrt p8thclcosi ahtmpomESH 43y isvmingrhticd by tdeplidasmhtedioft 30% t o
about 8QY f I t %.t.0: Laht,.. : I :
mat er i aﬂf{% ﬁjﬁé@sa%?{rgﬂ 'ricgg 'x% Q(I)/S(;e b%ngltkglggit @g%%}gy'éy@cgggﬁlg? Fer?']%tpy uni form
sl‘hgry afropdrtiontlab yist scidb cpatenti df tessiuTheHevarerycangrof hEvpefcad!ysb 'a” f or mi ng
unit to produce _catal vst rticles. . The form unit i i ined at a
t enper at FEaa'trncéglg EF iag'lgl g‘?\ g @g%beg'sﬁ%ﬁlso %?pe{j %8” \}\q/getsé%é %"rdo%aﬁ%%gr med
cat al ystdryantdheingsr asPwell ey thielayomizitenf wpeddnge weeidt Al Bolerspmalistriluysr . The
forned c ‘partigcles. i cal by .take th .M :
Typt cal 19 e gREIEl AHER phAPER) utesh B alitey gkl Micl L LRNE: P
t enper at appeoismtplNgo 25 Fveorpe 206y st paiERGjzeafheameragt ksl ysepapaelatsuee
rangi ng from 100C o about .225 9 I r 1 the slurry
i ngasse'a c?ﬁtrr%]gegdl%yaa \rr]zgiagllog 1 Iegﬁlunylfggélpgbpg‘hes l?cgth%%r% aga%kj%

conditions of atomization. It is preferred that the formulated catalyst composition

have a catalyst size from 40 pm to 300 um, more préferably 50 um to 200 um, most
preferably 50 um to 150 pm.

20 Calcination,
[0051] To harden and/or activate the formed catalysts a heat treatment, i.e.,
calcination, at an elevated temperature is usually necessary. Ordinanly, catalysts with
alumina or silica binders are heated in a.calcination environment at a temperature
berween 500°C and 800°C. The conventional calcination envirenment is air, which
25 may include small amounts of water vapor.
[0652] The invention provides methods of heat treating a formed non-zeolitic
molecular sieve catalyst prepared with an inorganic oxide sol that contains halogen
The methods of the invention minimize the production of halogen-containing acids or

at least confines much of the produced halogen-containing acids to & single heating



distributes the slurry into small droplets, resenbling an aerpsakg 2685
single nozzle unit or nultiple nozzle unit may be used to di sperse an
inlet {FEMPYF slurry (single-fluid nozzle) into the AOH¥RPHH
chanber. Alternatively, a nmultiple nozzles may be used 13 DEC 2005 WD
031000411 PCT/ 11S[ 12/13489 18 to co-feed the slurry into the atom zation
chanber. Alternatively, the slurry i$9 directed to the perineter of a
spi nning wheel which also distributes the slurry into snmall droplets.
The size of the distributed slurry droplets is controlled by nmany
factors udic| WHE fghefrlatiwdl=atfn ifPF @S5 UEHctsAE ehDOPRA S Bf BeQhvdoignSihur ry, the
shape and 5 di nension of th A9§f2| (5)2,or the spinping rate of the

wheel . Tﬁ@caﬁdﬁF§F§*§P@"Pﬂ%g O 72809 245 BEAA vene! SrmRdtint #rYEUr r ent

f1 ow-of g fs sPESEdTeod ATOMGR Lhe HeRfeAdb i kftay dBYeY, matidbi¥sdted@rd At es in
the formof a powder are recovered fron1eac% roplet. . QOOSO Cat al yst
parti cl ergipentimiisel ieathyst issheatsdtat 8 1erarerpiyra emsbPHlOCERe abRutof  t he

slgrry anghobt SpS A ko atBhul 561880 RBLMGRREC Ahos R Er LBl Py StabBal ti Cl e
sizets directl proportional to the solids content of the slurry. -

Howevér , SX6RtP Powf700He it atay Foistya ce icragos eawranmens sprtpiniag less than
char act esde Sl Ghudik $Qted SRERMALA Nt NGas i ?’ﬁb)@%g\&%@f)ﬁer@fﬁ%h&u fiyiLAg chamber

as well as the atom zat'ion procedure' used. tzmann distribution of
cat al yst capeinatiasl envippeentscap g Rrovadidybyobieg ndoy gasddneiea airabat hawhéesh i s
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average cataly partic size 15 I's cont y a variation in the
shdrry fretersdephodireentithe chiel valiy deatetheh BiFogeneoil ganaiattempsrapfre from

at o zat ,on, chted sed hat . t ot m ated Gatakyst PQSH ti on

G -
have a c%b%élltyst dsl;%zalggﬁ{gfr%r go ﬁrhb%cnfggggrﬁ rmr%a g’r ecfjer atr?% tggggllr?n%tﬁ}o 200 m
most  predfserfabiquibditiogen souteeSBepting is 20rrCalcnt frataipenod 200mtkuifaidmatalen
and/or activate the for alys ‘heat ' t Nt el '
cal ci nation, a lcé‘rcl’ eséltwg?qg’df% ? Eélprf)%?% fuf}gn‘?@g s 5@6%"3’? ergfggasbg); ?/f frE)rmdll narily,
cat al yst ® Whars, hopaferablydrons R lto ¢ dolwisnder s are heated in a.cal ci nation

e'i\r(i ron”ﬁﬁ%a t al &@%‘3{3 sk Great28 LGS 0w 90G AN 2890Gion HAGiSORYE M s onal
c tro I'sTalr, whi ¢h :

al ci na n environnen
of the chlorine is removed as chlorine gas or as a non-hydrated form of hydrochloric

acid (HCl,). HCl, 1s not as corrosive as HCl . Abproximately 60% to 98% by
weight, preferably 85% to 98% by weight, of the chlorine inithe formed catalyst 12 is
removed during the heat treatment in the low moisture calcination environment.

20 Following this heat treatment the catalyst 16 contains less than about 6000 ppmw

chlorine, preferably less than about 3000 ppmw chiorine.

[0054} Following the low moisture heat treatment, the catalyst 16 is directed to

heating unit 20, The catalyst in heating unit 20 1s heated in a second calcination

environment 24, This second calcination environment 24 contains from about 5% to

25 about 10% by volume water. The remaining volume of gas in the calcination
environment 24 may include air, nitrogen, helium, flue gas, or any combination
thereof. The second heat treatment of the catalyst 16 will take place at a temperature
from about 400°C to about 1000°C, preferably {from about 500°C to about 800°C,

more preferably from about 600°C to about 700°C. The period during which the



25 may include small ampunts of water vapor. 100521 The inventigEg 05

provid s of heat treating a formed non-zeolitic | ar ‘sieve
cat al ygt% {;;?'e"tg%ged with an inorganic oxide sol that cont al’ﬁfuﬁﬁﬂb’d%) The

met hods of the invention mnimze the production of hal ogen-containing
acids or at least confines nuch of the produced hal ogen-contai ni ng aci ds
to a single heating 1 3 DEC 2005 WO #P3/iulu~. 1] PCT/US02/13x89'19 unit. ' .
The schematic diagramin Fig. | depicts one enbodi ment of the invention,
in ‘which-a chlorine-containing SAPO catal yst 12 is used by way of .
exanpl e.ca@dysad gdieated 2ini wmistipphgesdrdm @b ta 5 oums. pgefanbty, fromdf 25 y a spray
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Cﬁﬁ Ci Eatab@nt Emm;moirlmmﬁnec:an be provi ded byhu5| ng affjry gas 18, e.g., air
t hat  has |tro el ium ue gas, or any
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gggtc edN| l{&aﬂllbf/ﬂ@ﬁﬂoﬁ Qe v@aEr. ﬁtheaememp@rd\aﬂuge F:fggﬁ:: ﬁﬁ&oi&tb?@e??nmorab?ut

i trogen o S i e uc romthe boi as'of a-
li quid n?ft"?g’a@ﬁﬂ%fa 3&'” %gfg%ﬁvﬁ Hte g oF o %P%‘EPP‘S‘H‘ thrEPﬁne
suffi Ci entefgrmalyrtﬁmnembmmadeﬁcn¢,yd3.incaak bynthi@k 2id  PeddtNPstQhatfig om 0.5 to 10

rs, preferably of froml|l tao 5 hours, nost. Qrefer;&bly Rromz to 4 .
h6 rs. 15PYHSHYIUAG celgnatgh SPYEINMEDT FUtpiaE 3 15k (B Ry ngiRg pater is

cal ¢i natsm[mdzé&makdmséam @éatiBf rédiliQhih Beoss Bf LEHM\S8E, @I ori ne gas
or as a non-hydrated formof hydrochloric acid (HC1(s)). HQ(.) is not

as cor r oBfe{rEatiy infeiges Oﬁ?bOUABBr"‘d?laPrﬁ‘Eteqlgf 86‘478555109‘89/J?593m%|‘5m3 preferably
85% t0 98Kaibyt R thfow MGisaltk BeitiRainlerk NThé OiBdrdatdddaysyst walli S
removed during the heat treatnent in th | ow |sture cal ci nation

envi r onnERTAIn aE?)”tF]@I RIBHIY Ay 2R 91 409 BBV Shdeft e Rt %f#éyea?%ﬂ \RPIY 9 ont ai ns

| @5s t hamhcpoud pHAACHI Y, Sltk©prchRabl PaediR NP fSscubempgheut 3000 ppnw
chlorine. t0O0641 Follow ng the | ow noi sture heat treatnent, the catalyst
16 i s di FEBERY to S

[0056| Steam treatment of the catalyst will take place at a temperature from about

400°C to about 1000°C, preferably from about 500°C to about 300°C, more |

preferably from about 600°C to about 7060°C. The period during which the catalysts is
20 heated in unit 20 ranges from 0.1 to 5 hours, preferably from 0.25 to 4 hours.
Although temperatures of about 400°C are sufficient to adequately remove most of
the chlorine from the catalyst, the rate at which the additional chlorine is removed
will be lower than if a higher temperature, e.g., 600°C, is used dunng steam
treatment. On the other hand, if the temperature of the steam treatment is too high,
25 ey, ureater than 1000°C, degradation of the catalyst may occur. The temperature at

which degradation of the catalyst will occur will vary for different catalyst

formulations and various non-zeolitic molecular sieve.

[0057] The low moisture heat treatment followed by steam treatment can

remove about 70% to about 99.99% by weight, preferably about 95% to about



heating unit 20. The catalyst in heating unit 20 is heated in ?(@EE%US
calcination environnent 24. This second cal ci nati on envi ronrren

cont ai N0 f¥®¥fbout 5% to 25 about | D% by vol ume wat er. PTR@ShEmMEENI Ng

vol ume of gas in the calcination environnent 24 may include air,

nitrogen, helium flue gas, or any conbination thereof. The second heat
treatment of the catalyst 16 will take place at a tenperature from about .
400C to about 1000C, preferably from about 500C to about 800C, nore
preferably from about 600C to about 700C. The period during which the 1 3

D E C 70850001034 ik Adic preREDIHIIR 53958 320,055 Soys s dignimbed [ uni

20 ranges fromO.1 to hours, preferably fromO. 2 hours. This
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chl or i ne,rhSIMioRIRY,, | Preaata ¥st nifﬁcanﬁﬁtr@dda bécauid Jnlastcd?'?ltn@klﬂorlu?tsé t han
about 600 ppnw ch hTOr | ne, preferably |ess than about 200 ppnw chl orine,

mor e pr efesioNb guliegthetinanl EageamegDingpeievemoBstiae2lceo88] | n anot her
ﬂyod' ne%urohﬂ%ﬁ§e&§)£]¢ﬂsﬁﬁltﬁé@ﬁntdhgtrbrﬁmthgWnssﬁ&nﬁ?ﬂeﬂsAe}E i east 10% by

une wat er e remai ning vol ume of i%"the second calcination
envi r onneameratralyeating hudseﬂralursed rrlwmmg:éhon pEHClg will b:ec‘ga'medatp thggrpyeam

corbl nat R bRGIEEibjctFAE BRLYcq £RCAREBRALGAL ALRE! han.eavi T onment
contains alr. A ca st tha cont act e al crnation
envir onrrEWﬁBbontIaamumrg:tased igdbe steQNotiwptnvet, uhecmalb*etrnmss be sdtided 0 be '

steamtrF Elﬁguon \%nvar@n ta{) rﬁlgg?f%l&sﬁ")ﬂ @g'lg P‘%F‘i{aq ‘i;eag%ootyobﬁg:%’m ng‘

preferab 0ss "of 0 abou SHT Ofine T é
i 10t he w!tlaxleys:tygiem kd cwiavg wrhpalateomatﬂmlsihurreayhm remeatdenthe pohes, of

steamtr ate tal yst il cont ai n about 10 about 4 ppMw
chlori neﬁ' pr efee?’\a aItMys'lS%atthaiBeen ca?t”fEd 15" o1 rprg%“gtha? W eh orlF')gﬁs‘et nor e

pref er abBYe l&bmjbmiexpgnmws sod abbmbxmnprpawd (fhk OKygea, en&ﬁeﬁﬁ&ntsnaatm

treat nent of t.he cat al l.ac eratu [ about
h00e 1o RSt B AR Rhurkop bic B SRS CrRL e B b ALHIS L PR 20
prefer abbyyganmrwadwueutmettbe aabmubr difleEnt fhiae tlpﬁetﬁmodraduc iofithewkdagh t he

cqtsal ystgn3 S 29 heated in unit 20 ranges from0.1 to 5 hours, preferably
from 0. 25°16" 4 hour s.

[0059) It is to be understood that although Fig. 1 depicts more than one heating
unit for each type of heat treatment, a singlé heating'unit may be used. 1n this case,
the heating environment is changed by alternating the type of gas flow, e.g,, from
nitrogen off gas to steam, or from air to steam. Alternatively, different heating zones
20 in a singular heating unit may be used according to the invention. Each heating zone
will contain a different calcination environment with a transition zone disposed
between the heating zones. The temperature and gas flow for each heating zone or
heating unit can be programmed to minimize the time required to remove the desired
amount of chlorine, while minimizing the amount of HCl,; produced. The heat and
25 steam treatments may be done in any of a number of heating units well known to
those skilled in the art including moving bed reactors, rotary kilns, rotary calciners,
fluidized beds and packed-bed batch reactors.
[00G0] In another embodiment the steam treatment is used to remove most of the

halogen from the formed catalyst. Prior heating in a low moisture environment is not



Although terrper atures of about 400C are sufficient to adequat ellyl §Eniie
nos he chlorine fromthe catalyst, the rate at which the additional
chl onWé“Pé"’? ‘dhoved will be lower than if a higher tenS&TAiRRA3438 ¢.
600C, is used during steamtreatnent. On the other hand, if the
tenperature of the steamtreatment is too high, 25 e.g., greater than
1000C, degradation of the catalyst mdy occur. The tenperature at ' which
degradation of the catalyst will occur will vary for different catalyst
fornul ati ons and various non-zeolitic nolecular sieve. 100571 The |ow
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Al'so, 'i fio alsepapaves Hibeariaiglhg ntm&:b&afaﬁﬁlylfszeldalﬁd‘le opYid bbLIOFe. 0FKiGly( ; , , 0 Wil |
be confine he steam , treat nt unit, which can be designed to

accomd%ﬁ'q'tt?féhﬁ lprige H‘r%‘ﬁfﬂf@& ‘#6881 1f air is not used.nthe steam

t r eat nenoositihe Eamcahysgtmmyarbeemiem, ﬁ]l&dcaltaﬂys& ma;euem;@@tan @@ated¥é r onment
cont ai ni ‘g'ﬂ at least 3%Db voI u 10% b

r ef er
vol une, TERGGRRTPGNE BRbTE t hé‘h‘ﬂi’l"gF‘éV ]m rH3 °r ?/‘gv?e ‘?ned)l n. t he

pioy es, @blcida@os e@ratBreCtiRik y;sygetnratwba@erheefy lecaihels me;d ofr @iffeerR AT onnent
that contains at |least 3% by volume oxygen is said to be oxygen treated.
The oxydEhERTAYRREHE SHRP BE™EPovi ded by air or a mixture of air and

ni trogenoose chl ﬁioﬂ&trieﬁmoaerm&zrsa&aumemeﬁdumhe @(Mgﬁﬂn@’lt\éké pngent may be

t he sam%lfor dlffersnt t han th? teng]eratﬁ cg t he steam.15 treat nent.
[0059 It 6T GORE" DAYyl {haf2ialiHs R YEEDFRYEPRPE 2t han one

heat i ng tedipérhrukOfromaminet y@ﬂiomf‘”Chﬁl&ferﬁtﬂ?&iﬁoﬁfiﬁqut 80FIONE| Mobesdorag’ unit may
be used. In this case,

15 more preferably from about 600°C to about 700°C. The period dunng which the
catalysts is heated in unit 20 ranges from 0.1 to 5 hoprs, preferably from 0.25 to 4
hours. Approximately 50% to 95% by weight, preferably 75% to 95% by weight, of
the chlorine in the formed catalyst is removed during the oxygen heat treatment. The
oxyuen treated catalyst 1s then contacted with steam to remove additional amounts of

20 chlorine from the catalyst. This steam contacted catalyst will contain about 10 ppmw

to about 600 ppmw chlorine, preferably 10 ppmw to about 200 ppmw chlorine, more

preferably 10 ppmw to about 80 ppmw chlorine.

[0063]} The oxygen heat treatment and the steam treatment of the catalyst may

take place in separate heating units or in the same heating unit though in different

25 regions of that unit. For example, the oxygen environment may be tntroduced near
the entrance to the heating unit and steam added near the middle of the heating unit.
In this way partial calcination of the catalyst occurs prior to the catalyst contacting the

steam.



t he heating environnent is changed by alternating the type of gﬁ f 1. ow,
e.g., from nitrogen off gas to steam or fromair to steam DEC 2005

Al ter naPivelas di fferent heating zones 20 in a singul ar Hgatsopgssni t may
be used according to the invention. Each heating zone w1/l contain a.

di ff:erent cal cination environnment with a transition zone di sposed

bet ween the heating zones. The tenpejpature and gas flow for each heating .»
zone .or heating unit can be programed to minimze the tine required to
renove the desired anmount of chlorine, while mnimzing the amunt of

HC (, q) uc ; t Een be- done_in any of
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cat al ystranfiyostidiedtalRglation dyd@deaglizatiom,elignyporoomeionh, oisgdmddrizaB8oAEC 2005

03/ ugndll PCT/US02/13489 .22 necessary. The forned catalyst is
SCeam § PR 2RSS AT S ORs SR S0 iie JOBE 108 e St Vet Jorente
pr ef et albf yalbpeimnahodnbn 280G ctoatah3oUtss@RGCsiveatid iptehed dbtiyg teom about -
600C to abg{u,t 700C. ni{he geri od dut;i n% \I?/ni ch the .cstﬁz}aﬁ.l ystg ti[Qs heated in
unit  203PERGEECTFHNTREEOT 513 TGP SUSeR ¥ IBp aBIRFT P 1oth W9 BEIPE #PHpUrs.  The
st eam t e adpIRiRm Rt AdYs EeRY plaks om about 70%.to about 99.99% by wei ght,

preferably from_about_ 95%to about 99.99% by weight, nore preferably from
about 9é9/§/§56 ab e REe g8 pIGessGRP e P’%Fmﬁﬁ%ﬂﬁ'ﬁpg’r‘qﬁ'ﬂﬁeﬂ’f%ﬁé formed = .

cat al ystdired@06d fhk bal ook By o Fhasstradmbh gak BRAbr mbheo:sakpiysto drey- be
oxygen treated to _renove tenplate material that nmay have remained in the
pores of° {Hae 8]<EnE) anfh @ ProcsscIEls 40 e A ERI 3P T2 et €09y gen

envi r onnkgte oRBYeiRstbaISANBInRS afll ff iredilatt haBylafnigest enper at ure of the
steam treat ment. 100621 In %got her _enbodi nmen i steamt rﬁat ment of- - the
~cat al ystI®%¢8) t ake2 prefereed emiadimet B BgERcHE St e BEF et Pe Teresiegk al yst i s
heat ed idan@&MmsWNEEE e BBk i EEABRE imee specifi@Myebad tifBodfercagard®0C t o 1000C,
preferably from about. 500C t o about 800C, #Sl nor e pr%ferciiblt\,/g.rom about
660C t 0 SHHINHEOL M ARARSFEITPHL G Y BT UATCHP thegmost preterred embodiment

of the process of the invention, the oxygenate in the feedstock is one or more .
alcohol(s), preferably aliphatic alcohol(s) where the 'aiiphatic moiety of the alcohol(s) .
has from 1 to 20 carbon atoms, preferably from 1 to 10 carb?n atorns, and most I
preferably from 1 to 4 carbon atoms. The alcohols useful as feedstock in the process
20 of the invention include lower straight and branched chain aliphatic alcohols and their
unsaturated counterparts.
j0067] Non-limiting examples of oxygenates include methanol, ethanol, n-
propanot, isopropanol, methyl ethyl ether, dimethyl ether, diethyl ether, di-isopropyl
ether, formaldehyde, dimethy] carbonate, dimethyl ketone, acetic acid, and mixtures
25 thereof,
{O0GE| In the most preferred embodiment, the feedstock is selected from one or
more of methano!l, ethano!, dimethyl ether, diethy! ether or a combination thereof,

more preferably methanol and dimethyl ether, and most preferably methanol.



catalysts is heated in unit 20 ranges fromO. 1 to 5 hours, preferably
from0.25 to 4 hours. Approximately 50%to 95% by wei ght, prdfieidblifh 75%
to 95% by wei of the chlorine in the forned catal yst is renoved

duri ng™ Pd@’"&‘kséen heat treatment. The oxygen treated cak@IY892/5348% hen .
contacted with steamto renove additional amounts of 20 chlorine fromthe
catalyst. This steam contacted catalyst will contain about 10 ppnw to
about 600 pprmw chlorine, preferably 29 ppnw to about 200 ppnw chlori ne,
nore. preferably 10 ppnw to about 80 ppmw chlorine. [00631 The oxygen

heat' treatnent and the steamtreatnent of the catalyst may take place in

separ at qod&AL | NGy WRichSst Pefbied OfbSHMRNNBRIABIRI breklghrioRe g T F er ent
25 regions of that unit. For exanple, the oxygen envirohment may be
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m ddl e Qhroe aftpal brweaamytz ol e Sat¥RY. Rfst ékcrﬁﬁkcfh@%ﬁé%)oéloﬁpe
catal yst occurs prior to the catal yst cont ac ing t WO 03/ 000411
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catal yti FOCEsS tors ma onger perio time
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T
f eedst ockoduced based on the total weight of hydrocarbon prqduced is greater than 50 weight
15 percent, preferably greater than 60 weight percent, more preferably greater than 70
weight percent. . , |
[0072] The feedstock, in one embodiment, contains one or more diluent(s),
typically used to reduce the concentration of the feedstock, and are generally non-
reactive to the feedstock or catalyst. Non-limiting examples of diluents include
20 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.
10073) The diluent, water, is used either in a liquid or a vapour form, ora
25 combination thereof. The diluent is either added directly to a feedstock entering into
a reactor or added directly into a reactor, or added with a molecular sieve catalyst
composition. In one embodiment, the amount of dituent in the feedstock i1s in the
ranue of from about 1 to 2bout 99 mole percent based on the total number of moles of

the feedstock and diluent, preferably from about 1 to 80 mole percent, more



contains one or nore oxygenates, nore specifically, one or ig{ﬁr

15 conpound(s) containing at | east one oxygen atom In the nost prefe rred
enbodi Ean3NERIY he process of the invention, the oxygenaPeTiusot/nesso '
feedstock is one or nore alcohol(s), preferably aliphatic al cohol (s)
wheré the aliphatic noiety of the alcohol(s) has froml to 20 carbon -
atons, preferably froml to 10 carbomsatons, and nost preferably fromi
to 4.carbon atons. The al cohols useful as feedstock in the process 20 of
the invention include |ower straight and branched chain aliphatic
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15 reactors, and the like. Suitable conventional reactor t‘ypes are described in for

example U.S. Patent No. 4,076,796, 11.S. Patent No. 6,287,522 (dual riser), and '
Fluidization Engineering, D. Kuni and O. Levenspllel, Robert E. Krieger Publishir;g ‘
Company, New York, New York 1977, which are all hensini fully incorporated b'y
reference.

20 |0076)  The preferred reactor type are riser reactors generally described in Riser
Reactor, Fluidization and Fluid-Particle Systems, pages 48 to 59, F A. Zenzand D.F.
Othmo, Reinhold Publishing Corporation, New York, 1960, and U.S. Patent No.
6,166,282 (fast-fluidised bed reactor), and U.S. Patent Application Sertal No.
09/564,613 filed May 4, 2000 {(multiple riser reactor), which are all herein fully
25 incorporated by reference.

10077] In the preferred embodiment, a fluidised bed process or high velocity
fluidised bed process includes a reactor system, a regeneration systermn and a recovery

system.
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nol e percencir ased's i (S’fa(l’ 0 es o he* P¥%dstock and.

di | uent gempréineralahy cinahym cahxmwt-d bel’smnSﬁer@fl e cpmaa@tmthmjup:idosgdaliﬁi 2005 WO
03/000411 CT/t lgS 2/ refler%pc?édgo ré]r%prorlégc SINe al? uthl § nost

pr ef er abPy f"ral erfﬂ %”?r &t"lé v e R e e .

h’y“dr oc atinointsis avareradl cedh4no), anﬂet&cgasoskn meh@s suhiraeaﬂinygemr indirectly, and

i n¢l ude fin( ar.ona U. S - Pat ent
o 4 619 5ho" iin ERERGeRE Plart IR BTt SRR T he S Sigry ai y

pr opyl eréth 5vimm.|yr&|derpclpe@hyézerte qyamd mimﬂme rhr;gdro@@anb@rhsvmglwmqwt or nore
car bon at gne

ures, th 10074 The erting a
f eedst ock: Dedstpggm%{?ﬁﬁ RN Y rgg TERERTH; nwe'gﬁtrf"’?cermE(rjoarbé’ug%genat es, in

t he preserigle pefceat, badralpyedtrably ftdwe abow énveight, pereentiarabioet6é Hweighn  a

ﬁ?ﬂj: glnsgc&nggass,%d Iog thae lro?a?(\:a;[e?é’ht omerfeedtspoeck%cgg uslgs aI!!yS dﬁugn[ )égqall%gg process,

therein. The liquid and vapour feedstocks are preferably the same composmon or
contain varying proportions of the same or different feedstock with the same or
different diluent. |
[0080] The fccdslo‘ck entering the reactor system 1s preferably converted, partially

20 or fully, in the first reactor zone into a gaseous effluent that enters the disengaging
vessel along with a coked catalyst. In the preferred embodiment, cyclone(s) within
the disengaging vesse! are designed 1o separate the catalyst, preferably a coked
catalyst, from the gaseous effluent containing one or more olefin(s) within the
disengaging zone. Cyclones are preferred, however, gravity effects within the

25 disengag;ng vessel will also separate the catalyst compositions from the gaseous
effluent. Other methods for separating the catalyst compositions from the gaseous
effluent include the use of plates, caps, elbows, and the like.
10081} In one embodiment of the disengaging system, the disengaging system

includes a disengaging vessel; typically a lower portion of the disengaging vessel is a



bed process (includes a turbulent bed process), preferably a continuous
fluidised bed process, and nost preferably a continuous hi gh] s@lfﬁ&ﬂﬁﬁy ‘
fl ui di se@ Badoprocess. 100751 The reaction processes canprtaksophase in a
variety of catalytic reactors such as hybrid reactors that have a dense
bed or fixed bed reaction zones and/or fast fluidised bed reaction zones
coupl ed together, circulating fluidised bed reactors, riser 15 reactors,
and the |ike. Suitable conventional reactor types are described in for
‘exanple U. S. Patent No. 4,076,796, U S. Patent No. 6,287,522 (dual

riser), 10 S MU0 [ [ &= F e ol B = To (A P, .evenspi el , Robert
E. Kri egg{r?%lgug'l zlwggl ng Hﬁ%ﬁf@%%ﬁgﬁ%&rﬁ Etdtﬁgvg\; '%(‘):?Elgrltgdi%ﬁvﬁ#a?:h are aj]
herei n f otefgrablycmeporapediipyion of geancectha®) cabod 8bxkrecpbed er red react or
type are_riser.re [S: er al | rj.bed Ri.ser Reactor ,
Fl ui di zaﬂogﬁggﬁm%%n-‘ gﬁﬁgﬁ Bé%%‘%gfrag N ; %ggpeljgféﬁ ¥ 0 °88; "°FFRV*Zenz and

D. F. O hdsorbdddivinadadbd?iglficns Hiengk &beapoy attha s thikewtddpnked ®360, and U. S.

L I AN T S
react or ) yesshii fedm aseediabd gainpeiessel oid Yie 25s isnesepar agedhdiyly eperfeinte. 100771
e e L G A TRT R
and a recalveieyof coiad eamlyit3pidfTatl ) @banile 03¢t hpédhhiire RO 2ISO2/1 388 26
19975), THE et AL STORNCSE R ISR, Bt bR gupBRE o Syt em having
reacti onjaspp WTHd condtrsidneasipeanee einslenghgi the cymastdn pipicedser abl y :
oebr T ehtearLy vl SR n R BRI B R A SR R P P
react or vexsel preferaisiy ffaedssncld (DroefbenatlofCembtapraferdd | p omoibordr e :
ot o 11 s B BARP 1 e P A T R B B o BN e eof s
i nt r oduceekn rhereqneferabthHdinnadnt 3 10RE ¢ alicalt PeE°mostakefdrabey fbmrabbher eof i s
cqptact egs gt Bobd gt Or gas, or |

[0083] The conversion pressure employed in the conversion process, specifically

within the reacltor s}stem, varies over a wide range including autogenous pressure.

The conversion pressure is based on the partial pressur? of the feedstock exclusive of

any dituent therein. Typically the conversion pressure employed in the process is in

20 the range of from about 0.1 kPaa to about 5 MPaa, preferably from about § kPaa to

about | MPaa, and most preferably from about 20 kPaa to about 500 kPaa.

[0084] The weight hourly space velocity (WHSV), particularly 1n a process for

converting a feedstock containing one or more oxygenates in the presence of a

catalyst within a reaction zone, is defined as the total weight of the feedstock

25 excluding any diluents to the reaction zone per hour per weight of molecular s)eve in

the catalyst in the reaction zone. The WHSV is maintained at a level sufficient to

keep the cataiyst composition in a fluidised state within a reactor.

|0085] Typically, the WHSV ranges from about 1 hr "' 10 about 5000 hr

preferably from about 2 hr'! 10 about 3000 hr'!, more preferably from about § hr' to



conbi nation thereof, prior to being introduced to_the riser rﬁ%%hifﬁ%%’
preferably the liquid is water or nmethanol, and the gas is andilter 03gas
such asomptnegen. [ 00791 In an enbodi ment, the anount ofrcimesbknisedst ock
fed separately orjointly wth a vapour feedstock, to a reactor systemis
in the range of fromO0.1 weight percent to about 85 wei ght percent,
preferably fromabout | weight perceqf to about 75 weight percent, nore
preferably from about 5 wei ght percent to about 65 weight 15 percent
based on the total weight of the feedstock including any dil uent

contained. therein. .The |iqui ind_vapoyr. . f eedst oc rg preferably the
same cofpoyi !ﬁ%@ﬁn’r P9 RBHP a@é?ﬂﬂ"hﬁb%‘gb&f t foo%é’“bF gq(ﬁér sahB"or

di f f er epteftieetiembodinitnt, hd WeISSa kegredter tad Pe@hehprdlaugnhe WI998G3r The
feedstock entering _the reactar systemis preferably converted, partially
20 or fGPTYEFSIPROf Récalriosk cprspingmebine! at 8'%8‘5335%%%5 e gt of hat
enters Fhe ahSRPORGT Rabovessehr'al ong with a coked catalyst. In the
preferred enbodi ment, cyclone(s). within .the disengaging vessel are |
dési gnedCt8¥] sepdbaswrerideisss xripsity (Y7 ¥1 %frtasﬁgﬁdawebkr@&d%é'étrt?-yselzd fromthe
gaseous r&icfibhprldue RNV R HG RINEr FhtelDE Bralb@blyushicivhiihinidiftane di Sengagi ng
zone. Cyclones are preferred, however, gravity effects within the 25

di senga§rilysvesli 2 FREYonAces RGAFAHY - t1HE LAY 4P thetrresrspaentaubmly from t he

gaseous wifhid tHgRhicto@yBem, WRE-OPLE chieny SRIMA BeirRer e8RS & X $dasC@IPOSI ti ONs
fromthe gaseous effluent include the use of plates, ‘caps, el bows, and

the |i keeterges$9cond (Bscle RIFEH P direafr thiel.8inysstg B gretsrahin greataie

dissengagiiol Ystkeleniniik WSS B ygréa;eag@ﬂi m/_y&,sgﬁleweﬁ WRFERleteYaty | Oner
portion of the disengaging vessel is a WO 03/000411 27 13 D E C 2005
PCT/ t | SENaBARD S ivie5pindgn o8 mecfenzhlvigientetthap pirHeeez orsé ferfe2mpkeed-Scat al yst

i s cont gglead AMbfitht Rn3RSial NOIGR BRIz NI CORICIEmBe R FBLAALKIORN;sHerdih €M
met hane, carbon di oxi de, carbon nonoxide, hydrogen, or an inert gas such

as argowwoﬂﬂgﬁ@ﬂéﬁﬂ9?§Wé%n1 to recover 11 adsorbed hydrocarbons fromthe
coked cgg@yst fhéte prerelBEBmbOELRAVSHEHe tpﬂ)cfe_gkefor converting an oxygenate

15 to olefin(s) using a silicealuminophosphate catalyst, the process is operated at a
WHSV of at least 20 hr' and a Temperature Corrected Normalized Methane .
Selectivity (TCNMS) of less than 0.016, preferably less than or equal to 0.01. See for
example U.8 Patent No. 5,952,538, which is herein fully incorporated by referer;cc.
|0083] In another embodiment of the processes for converting an oxygenate such

20 as methanol 10 one or more olefin(s) using a catalyst, the WHSYV is from 0.01 hr' 1o
about 100 hr'!, at a temperature of from about 350°C to 550°C, and silica to Me;O5
(Me is a Group IIIA or VIO element from the Periodic Table of Eiements) molar ratio
of from 300 to 2500. See for example EP-0 642 485 B1, which 1s herein fully
incorporated by reference. ,

25 [0D3Y] Other processes for converting an oxygenate such as methanol io one or
more olefin(s) using a catalyst are described in PCT WO 01/23500 pubhished April 5,
2001 (propane reduction at an average catalyst feedstock exposure of at least 1.0),

which is herein incorporated by reference.



5 regeneration system In another embodinent, the stripping F?@EE&%S'” a
separate vessel fromthe disengagi ng vessel and the bas is passed at a .
gas hoWfQ 3y ficial velocity (GHSV) of rom | hr' to RFEUEN28848900 |ir'
based on the volume of gas to volunme of coked catalyst, preferably at an
el evated tenperature from 250C to about = 750C, preferably from about 350C
to 650C, over the coked catal yst. 10@821 The conversion tenperature g
enpl oyed in the conversion process, specifically within the reactor
.system is in the range of from about 200C to: about 1000C, preferably

from abopos@p0C e caRed tatS9AGs uﬂ@ﬁ%uﬂﬁ&rﬁ&l@@b%exﬁ%@ﬁh@@%ﬁ prde@fiyt 0 about
750 C, yet nore preferably from about 300C to about 650 yet éven nore

pr ef er abtyors SrPAISSYEIogsHR). prd H’H@G‘ECEGOQ@erfﬁg%“eﬁ*@ﬂévﬁWyTW om about 35
350C 10 RBHkn RHNGe(chOQAH LD LRRUSIS LA PE S CeaRTpl YRl ot e

conversi on process, specitically hi'n the reactor systefy varies over
a W de r%ﬁ’@?@“t%‘c’ﬁhdlfwna@tlegm‘?du%“ pvr@'s'sa@rhea gasTietapony exydeonupleessure i s

aped. oy PachbalipESRRHER e bialfegilank RiakiBlug, AL any dil uent.

thereln he "conversion pressufe enployed in t e process is in
20 the r[@ﬁgbl of Ncrlblﬂﬂatbmma@pleswlﬁdﬁ regereBgn rﬁedWaanclmeedilErcabhgnﬁtJf om

about 5 §PAR! G, SROMGINDULBR Andi Tk LELBI A Lo Aot 20 kPéa'

t o about e “wef ght hourly space Vel ,
parti cul dipkige] W}'at’-lpnwte'sgr(léﬁ P@t@m\l‘écr tﬁ?@'@%,ecedsmmoamttmdmrng one ‘or

MOre OXy é‘Lh&S THa r Ifék%e}%'i RE cﬁnﬁrfs a?%e 3L ales FeoWbLH-I ﬂ%@oﬁe%‘ugé‘l zone, I's

defi ned e total™ wei ght sto exc I ng any uents to
th’é reacttqkeﬁ czighyst grempdssion, pr@fervléy@fhalqyﬁl it wanp arwepkd\nerdent baskd cat al y'st

t he rcﬁ'?t(l;ﬁ:' ‘?xgls‘%ggﬁt oftngcm\éﬂaﬁm tgltl%i ﬂl%g EgeBe:%nLu? gterﬁu&f‘lé 8(51§é21t to

keep the cataly osition In n a reactor.
10085 quammtlvythdrmnﬂ\bﬁtve rmngstoffmmsabesﬂﬂenalﬁcmﬂlyatto about 5000 hr.

Chous & 0rt1 00 gl b BN PR O st R BB BN 4l 0™
hr-1, antboBet prefeeftdy bmyabbrbifBbcarbdg 19L07C, tnpralporderabi3d@hmboutl n one
15 450°C to about 750°C, and most preferably from about 550°C to 700°C. The
regeneration pressure is in the range of from about 15 psia (103 kPaa) to about 500
psia (3448 kPﬁa), p;eferably from about 20 psi‘a (138 kPaa) to about 250 psia (1724
kPaa), more preferably from about 25 psia (172kPaa) to about 150 psia (1034 kP:aa); -
and most preferably from about 30 psia (207 kPaa) to about 60 psia (414 kPaa).
20 [0093] The preferred residence time of the catalyst in the regenerator is in the
range of from about one minute to several hours, most preferably about one minute 10
100 minutes, and the preferred volume of oxygen in the gas is in the range of from

about 0.01 mole percent to about 5 mole percent based on the total volume of the gas.

25 |0094] In one embodiment, regeneration promoters, typically metal containing
compounds such as platinum, palladium and the like, are added to the regenerator
directly, or indirectly, for exampie with the coked catalyst composition. Also, in

another embodiment, a fresh catalyst is added to the regenerator containing a



preferred enbodi ment, the WHSV is greater than 20 hr-l. ; pref 3éﬁ£ % t he
VWHSV f conversion of a feedstock containing nmethanol and d|

et her ‘§0 "OPHA! r ange of from about 20 hf 1 to about 300"%’“5“293’(36086)

' The superficial gas velocity (SGV) of the feedstock including diluent ‘
and reaction products within the reactor systemis preferably suf ficient
to fluidise the catalyst within a red@tion zone in the reactor. The SGV
in the process, partrcularly, within the reactor system nore
particularly within the riser reactor(s), is at least 0.1 .nmeter per
second ( mé@eedatiopeddaurabl yx gleaaind ivaiéran dosdibal $U,.S. Palegt Brbeé eashby,

greater. th even nor.e referably greater than-2 '™ sec, yet
even nore”bsb?éFgﬁTgﬁ%‘5?@@?5?“&%%. fefenffsec, and nost preferably greater
than 4 msec. See for exanple U S. Patent Applrcatron Serial No.

09/ 708, 753 filed Novenpber 8, 2000, which is herein_ incorporated by

r ef er encd90%8008 71 IErBPRAImERY 8 PPEIPEHBREFISA CaBE st Fiempbe targaemisy is

CORVer t i RgyuaRd BN Be ondof MoR Bei %é%r(‘di‘sorﬂg-rd@e&l)l i,GQaELBhAoRNPSphat e
catal yst, the process is operated at a | éast 20 *hr'~ and a

Tenper at it B FIedstoakl ORGPRRFIIE VbR frdaly Se Peeaniarting WithaNwBnesttedl es's

than 0. Oéﬁmzy@r&faer&m/regeﬁamena% &t ediRIfy 01. See for exanple U S
Patent No. .'5,952,538, Wwhich is hérein fully incorporated by reference.

[ 00881 In anot her enbodi nent of the processes for converting an oxygenate

such 20 3098t haiRd bl RirdE Bke maarneexelrermr&(reactraﬁ'm.ﬂ aﬁ%@o}é%cnttm@ VHSV
is fromO.01l hr' to abéut I 00 hr 1, at a tenperature of from about 350C

t d0550C, egpREr I vihipsheiepenera s yisenpisGoptiplled by asiovy Jeghajauge it ther om t he

Per i’ odi ¢ £ ab KAkl . for
e o, BBl LIPS L ks 4000 30102500 S

: referenceontwomeomqme@werwﬁ%eeégég afcgmbentsitipe thareny. aE‘nP@f%lg@nate such as

. € iRolved ifh dPh Gk TS e iirdig 2 n PCT
T 01/ 2350 B e B e i R e

cat al yst an@persingche e‘aesee'arCé ceq'alyat threugdita catglyst coglss gt fosml arcepled
I NGOr por f RfleMed BlBfEeRe chalFstlde61e2 4R N \é\Qb%&%quQ%%eEQ%i;ﬁgQ?(rJa%% 29

is located either internal or external to the regeneration systemn.

[0097] In one embodiment, the cooler regenerated catalyst is returned to the
regenerator in a continuous cycle, alternatively, (see U.S. Patent Application Serial
20 No. 09/587,766 filed June 6, 2000) a portion of the cooled regenerated catalyst is
retumed to the regenerator vessel in a continuous cycle, and another portion‘of‘the
cooled molecular sieve regenerated catalyst 1s retumed to the riser reactor(s), directly
or indirectly, or a portion of the regenerated catalyst or cooled regenerated catalyst is
contacted with by-products within the gaseous effluent (PCT WO 00/49106 published
25 August 24, 2000), which are all herein fully incorporated by reference. In another
embodiment, a regenerated catalyst contacted with an alcohol, preferably ethanol, 1-
propnaol, 1-butanol or mixture thereof, is introduced to the reactor system, as
described in UJ.S. Patent Application Serial No. 09/785,122 filed February 16, 2001,

which is herein fully incorporated by reference.



100901 The, coked catalyst is withdrawn fromthe disengagi ng Y?%iﬁ%%
preferably by one, or nore cydl ones(s), and introduced to the 5
regenemar pawmnsmst em The regeneration system conpri ses mcwegeneisat or
where t4e coked catal yst conposition is contacted with a regeneration
medi um preferably a gas contai ni ng oxygen, under 5 general regeneration
conditions of tenperature, pressure-gpd residence tine. (00911
Non-l.imting exanpl es of the regeneration nediuminclude one or nore of

. oxygen, 03, SO, N20," NO NO7, N2, air,, air diluted with nitrogen or
carbon dioxide, oxygen and water (U S. Patent No. 6,245,703.), carbon
monoxi de and/or hydrogen. The regeneration conditions are those capable
of bur nijogogjoke Gthenmtdheds oo kpaaat ategsieradPOSicm oM, in @isefoesdblsy to a

cat ol ysOR O g Brl S Qg T O LPePED rhereiciola e ARy wi  ha dwn

from t haefeegrBerat dr forns a regenerated catal yst. 100921 The
rggeneration tenperature is in the range-of from about 200C to about L
1500C, preferably from about 300C to about 1000C, nore preferably from

about  1p04§H0C tTO e PiuberaTeaiQdatal i O 18 S 0t 6t @F @Rl drk@om Blaeut, 550C t o
700C. The regeneratiaon pressure is in the range of fromabout 15 psia .
(103 kpRasietdyiubam thsgatalypsiogleraaaamRivsd vithor Hey ! ystAPYRT ¥pout . 20 psi.a

(138 kPasiculafeddodlyst280/0P Sdedsibdid 2fi/orPaa jzas BPNiGUiBE, 8h8Falinyd td @ about 25
psia (i 72kPaa) o about 150 psia (1034 kPaa). and nost preferably from

about 30'555Teactersy Yomagsher gmbediments Hregseeperatgdicatpys) Witliawpn flgmnththe

pref er r adgéRedBANGStel W Ret0Mmed Rehe alal ¥adiod(d) dift8ny §ISRAILHN Bteripgssidy t he
range of from about one mnute to several hours, nost preferably about

one m nubEuEH 2 cedystEPRiEedn caRnEMPPEMSR b REAR d, PSP @han BRTd®gen i n the gas

s in thgedsa@& aphbuf 5@BM ciibK-HJﬁke@se.%i-d&kiﬁu&ﬁ%ﬁgmontti(ﬂu&ﬁ%tfa&lil_Hp:.L» ehePer cent
based on the total volunme of th 25100941 I n one enbodi nent,

t he gas.
r egener dPir8FHHP8 ﬁéﬁ'@rf§$=rt%f%q*q'y3ﬁ%t'w TERGRNT AP 1§ §ref g Ry dO HFC S N as
pl at i nunhoRalseAtHabigr@nd the |ike, are added to the regenerator directly,
or indirectly, for exanple with the coked catal yst conposition. Also, in
ahdt her enbodi ment, a fresh catal yst is added to the regenerator

cont ai nijago® WO 93B9Q§M&ﬂin§&emv\[ﬁqhg%nerated catalyst or cooled

regencrated cafalyst from the regeneration system to the reactor system, the optimum
level of coke on the catalyst entering the reactor is mai?taingd. There are many :
techniques for controlling the flow of a catalyst described in Michael Louge,

20 Experimental Techniques, Circulating Fluidised Beds, Grace, Avidan and Knowlton,
eds. Blackie, 1997 (336-337), which is herein incorporated by reference.

[0101] Coke levels on the catalyst are measured by withdrawing from the
conversion process the catalyst at a point in the process and determining its carbon
25 content. Typical levels of coke on the catalyst, after regeneration is in the range of
from 0.01 weight percent to about 15 weight percent, preferably from about 0.1
weight percent to about 10 weight percent, more preferably from about 0.2 weight

percent to about 5 weight percent, and most preferably from about 0.3 weight percent



PCT/ US02/ 13489 regenerati on medi um of oxygen and water as desct8iBé&d 2005

U. S. Patent No. 6,245,703, which is herein fully incorporated by

ref er en¥@03/4@3951 | n an enbodi ment, a portion of the cokedTa@baiyst from
the regenerator is 5 returned directly to the one or nore rijser
reactor(s), or indirectly, by pre-contacting with the feedstock, or
contacting with fresh catalyst, or cogtacting with a regenerated '

catal yst or a cool ed regenerated catal yst described bel ow. 100961 The
burni ng of coke is an exothermc reaction, and in an enbodi ment, the 10

tenper at {4 o 3 Dl @rcaﬁ%w@;ih@@mﬁma@maﬁhgmﬁ&quﬁgv ¥hd b 1RES

techniques in the art including feeding a cool ed gas e regenerator
vessel , ‘opdretighd oftheatalysh a batch, continuous, or sem conti nuous node,
or a conbination thereof. A prefer r‘ed . technique involves w thdraw ng

the regenerated catalyst fromthe regeneration system and passing the
regener alod@zcat al y &t onehprefegied ambatial eps.tthe owtiare dffedsh fcarahyst andcool ed 15

genera,tegg%&@%@'cm% st ar{w%[ c%5%h¥§§m9394degm Aty TageTe enrggt%ofiiso g heat

exchanger oca elt Rternal or “externa
r egener aiticon 1 3y §0 eveight 0027, prfaatdy éwboaiuvelto 3¢ heiglo pkreent; e@emer at ed

catal yst i turned t enenator |n a, cont i nuo

alternat‘i'veelr"‘b(Ti ?Oma .g.zt‘?):'foe%? Nﬁp"’f c?ail a@e‘?ﬁ%lprﬁ%%ﬁé %&?’7‘%66

filed Jumeabﬁpt m)ﬁlﬂ\)ecmcmphi@nuayﬂe;toknebwdlcmdm egd ves glited tlhainadtyietofi S

ret ur ned a;‘q tlhe re en ratgugeﬁﬁ U\}O 6%29%’63' JDpops cl and anot her
B he CaJs letein

portion ectil’ar 'si eve’ regenera ¥ is returned
toot he rmserrporaeatlbprefe):ucedl rectly or indirectly, or a portion of the-
regenerated catal yst or cool ed regenerated catalyst is contacted with
by- products within the gaseous effluent (PCT WO 00/49106 published 25
August 214),102000) The gk’se&ﬂﬁefﬂbbmhﬁfv&hdraf\uml flrcym itnecdis rpagingd ylymraedies ence.

I n anot her contacted with an al cohol ,

a regenerat ed
pr ef er abf37®¢ cﬁ’i‘ Oﬁ‘(?;h 2 rI'mwﬁr of)yrfge T er%ﬁ'iea'ﬁo]Ty §11i LA R R
intr oducedhrtnqmdshmd rse:amhoﬁs tﬁy&tremefnaSn sekesmngttﬁd’m(m) iﬂxd’:“puri?ﬁ:rng nt
A£$| icati 0{3 ‘S?ﬁ : . 09/ 7f§lubrilt ecml,e?dst bruae[% %g/ 5 which is
hétein U7 RSy Bor‘aa':t By UrEf eifencey Y EME 0‘?% 55566411
PCT/ USOZv‘nEb&chQa &nbination of a various separation, fractionation and/or distillation
towers, columns, splitters, or trains, reaction systems such as ethylbenzene
manufacture (U.S. Patent No. 5476,978) and other derivative processes such as
aldehydes, ketones and ester manufacture (U.S. Patent No. 5,675,041), and other
20 associated equipment for example vanous condensers, heat exchangers, refrigeration

systems or chill trains, compressors, knock-out drums or pots, pumps, and the like.

|0104] The metalloaluminophosphate molecular sieve materials and catalyst
compositions of the present invention may be used in the manufacture of alkylamines,
25 using ammonia. Examples of suitable processes are as described in published
European Patent Application EP 0 993 867 A1, and in U.S. Patent No. 6, 153, 798 to

Hidaka et.al, which are herein fully incorporated by reference.



100981, Ot her; nethodsfor operating 'a regeneration system ar\eé]é@h
disclosed U S. Patent No. 6,290,916 (controlling noisture), 1 ZQU%
~her ei We@BlYithcor porated by reference. 5 [0099) The r &§ensoa gy
catal yst withdrawn fromthe, regeneration system preferably fromthe
catal yst cooler, is conbined with a fresh catalyst and/or re- circul ated
cat al yst-and/ or feedstock and/or fresizgas or liquids, and returned to
the ..riser reactor(s). In another, enbodi nent, the regenerated catal yst
~withdrawn fromthe - regeneration systemis returned to the riser

react Or(m @rect | YrniP[SERIAAVN & {]Ge% Bﬁé&ét gq&nf;?&% & £3hal yst cooler.
In one e a-carrier, such as an gas, feedstock vapour,

st eam or folkeving Iceamsém wlwolmanennn@uettcgnooﬂunam spacifia £mpbodfremitd Withirebet he

i ntroduct.i Or-'m%f theftgeglegietg%taes'dclcat gl yst to the reactor system

pr ef erabf3 'f0 “EHE Onet 87 " hore Y18EF 1 eact or(s). 15 [01001 By controlling
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poi nt i nahhezqarh;cm (éﬂqdydmﬁceemmengpdctmsmvbmhe ﬂﬁooﬁmremlorm‘léyml&al

| evel s of coke nt e, gat af t atl is int ange
{1 om 0. OXPRECHRT “BEPRLNE Lo} QU 1 S 6T B s L o T EPed SHFGT 1 om
about O. iyas\geetagdmhq)em;ent to about 10 wei ght' per cent nore preferably
fromabout 0.2 weight percent to about 5 weight percent and nost

pr ef er abBxafrdes Zout 0. 3 wei ght percent , 130EC 2005 WO 03/0 004 1 1°
PCTI USO2/ 13489 32 °

[6107] Spray dried catalyst of Example 1 was heated in a nitrogen stream at

1

temperatures of 600°C, 650°C and 700°C for one hour. The heat treated catalyst
15 was then analyzed by XRF to determine the amount of residual chlorine remaining in

the catalyst, Table 1 lists the residual chiorine content of each catalyst.

~Examples 5-7. |

[0108] Spray dried catalyst of Example 1 was heated in a nitrogen stream at
temperatures of 600°C, 650°C and 700°C for nine hours. The heat treated catalysts’ -
20 were then analyzed by XRF to determine the amount of residual chlorine remaining

in each catalyst. Table 1 lists the residual chlonne content of each catalyst,

Examples 8.

[010Y] Spray dried catalyst of Example 1 was heated in 2 nitrogen stream at
temperatures of 650°C for five hours followed by heating in air at 650°C for two

25 hours. The heat treated catalyst was then analyzed by XRF to determine the amount
of residual chlorine remaining in the catalyst. The chlorine content of the catalyst

was 390 ppm by weight.
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f ol | owi ng| exanpl 6s, | whi ch_are i ntendeoﬁ%o illustratée specific enbodi frents
within the oveérall|scopet®f thelin vanz/fion gs cl aiNdd. 440

I3 630 N2/5 N/A 430

7 700 N2/9 N/A 330

8 630 N2Z/5 air/2 350

g 600 NI air/] 510

10 650 N2/1 air/1 470

i 700 N2/1 air/1 430

i Example 12.

|o111]

The spray dried catalyst was heated at 600°C in air for 120 minutes in

an open contatner placed in an electrically heated mufile furnace. The calcined

catalyst contained 1090 ppm chlonne (see Table 2).

Example 13,



Exanple is 5 [0106] S, APO 34 nol ecul ar sieve, 50% by wei ght, al um num
chlorhydrol, 10% by weight, and UF grade kaolin clay, 40% by wWgiDg§hHt0p5was
m xed Wdé h/aldhificient water to produce a slurry with apprpyismbely 40%
by weight solids. The slurry was fed into a spray drier to form spray
dried catalyst. The spray dried catal yst was anal yzed by XRF (X-ray

Fl uor escence) spectroscopy'. The annggt of chlorine in the spray dried
catal yst was 33,800 ppnmw, The GAL Index of the un-calcined catalyst was
greater than 5Q Exanples 2-4. [01071 Spray dried catalyst of Exanple 1
“was heated in a nitrogen streamat tenperatures of 600C, 650C and 700C
for one W3d?l The Hbatrrey daebeptalxttaraidreated apfs0 Chiarpifieal ¥ adnuyiss iXRF t 0
det er m ng, {he AP, pPicel GRiHALCH %{ear&%gimﬂig i talyst,
Tabl e 1nﬁ s‘?’s the rerspi dual c{ﬁéflprtlnne yC(S:nt'ent- of eac 'cﬂ%ea‘}arﬁtt]e.cdaExarrpl es -
5-7. j 1e108§ cepragyrddiPiOgureetierines endthe ddmbh dexvaslsB hisat ddbleR).a ni t rogen
stream at tenperatures of 600C, 650C. and 700C for nine hours. The heat
treat ed Examplestd 20 were then anal yzed by XRF to deternmine the anmount
ofcresid hl or i R ggﬁi ' L. b T |ists the
ressi dual N?h?lgri ne ?gﬁtgen dg%dq%é%kﬂc‘%@gﬂ%tgta%e d@dﬁﬁ?}gg?é%o m["B‘i%g'fﬂ Spray -
dri ed catradpestcoofaie piqukd inlanwectficdlydataied naufile tfuragan THer abdin et ‘
tenperatures of 650C far fi hours | | owed by heating in air at 650C
for two ‘?éaqﬁ%ﬁ‘ 's“.a'"lelgeBSﬁeogf"-%?%”arieétaeecgﬁ%é‘f st was then anal yzed by XRF to
determ t he unt * of residual chlorine remaining in the catalyst. The
chl ori nenﬁ%%'r]@lgﬁof the catalyst was 390 ppm by weight. 1 3 UE C 2005"
WO 03/ 00@414] PCT/ US0824:34 86ed Sdalftap hested al 400° 001 La ol h20 sypiays idr i ed

catal yst of Exanple 1 was.heated.in a nitrogen_stream at tenperatures of
500C, * GSBCOREAS O Gt PIAFCR b AT T st "By TREUPRSFg 1 Rigaed

catalyst, {2 g, was placed in a 3/4” OD stainless steel, packed bed tubular reactor that

i

was electrically heated. About 1 g/min of steam was fed to the reactor maintained at
a temperature of 600°C. The catalyst was heated in the presence of steam for 120

minutes. The chlarine content of the treated catalyst was 250 ppm (see Table 2).

15 Example 16. ‘
|0115] The same procedure as in Example 15 was used except that the

temperature was maintained at 650°C for both the heati‘ng in air and heating in steamn.
The chiorine content of the treated catalyst was 140 ppm, and the GAL Index was
1.48 (see Table 2).

20 Example 17.
[0116] The same procedure as in Example 15 was used except that the

temperature was maintained at 700°C for both the heating in air and heating in steam.

The chlorine content of the treated catalyst was 30 ppm (see Table 2).

Example 18.

25 [0117] The same procedure as in Examples 12 was used except that the
catalyst was heated in air for 240 minutes. The chlorine content of the treated catalyst

was 830 ppm (see Table 2).
Example 19,



at 600C, 650C and 700C for one hour, respectively. The heat tr?ﬁﬁg i
catalysts 5 were then anal yzed by XRF to determ ne the anpunt ] Pyual
chl ori Re® PN ng in each catalyst. Table | lists the FELUaAI*Ehi ori ne
content of each catalyst. Table |I. Exanple No. Tenperature, CSweep gas
time, Sweep gas tinme, Chlorine, hrshrs ppnw 1n/an/an/a33. 800 .

2600N2/ 1N/ A620 3650N2/ 1N/ A520 4700N2/3FN A480 5600N2/ 9N/ A440 6650N2/ 9N/ Ad
30 7700N2/ 9N/ A350 8650N2/ 5ai r/ 2390 9600N2/ 1air/!510 10650N2/ 1lair/ 1470 |
1700N2/ 1 air/ 1430 Exanple 12. 101111 The spray dried catal yst was heated
at 600C 018§ r f or Th@8arme proicedure s irakbcopEes thwanisedrexpépdcled then an

electricall heat, e il e fur T calcin catal yst .c i ned 1090
o ot st MR Rl b For #0016 cs. Hie EBob R Bl f P o §im ELINGH0E
PCT/ USO244s3%80p ) {2 Wablee?)spray dried catal yst was heated at 650C in air

for 120 mnutes in an open container, placed in an electrically heated
nmuf f | e fExmapk.20The cal ci ned ' A

5 . {0119) The same procedure as in Examples 14 was used except that the
' catalyst was heated in air for 240. minutes. The chlorine content of the treated catalyst

was 290 ppm (see Table 2).

Examples 21-26.

[0120] The same procedure as in Examples 15 were used except the times and
temperatures of heating in air and the times and temperatures of heating in stearmn as’

indicated 1n Table 2.

Example 27.
[0121] The spray dried catalyst was heated at 600°C in air for 120 minutes in

an open container placed in an electrically heated muffle furnace. The calcined

15 catalyst then placed in a 3/4” OD stainless steel, packed bed tubular reactor that was
electrically heated. About 1 g/min of steam at about 1 afm was fed to the reactor
maintained at a temperature of 600°C. The catalyst was heated in the presence of .

steam for 240 minutes. The chlorine content of the treated catalyst was 150 ppmw,

and the GAL Index was 2.24 (see Table 2).

20 Example 28. ,
j0122] The same procedure as in Example 27 was used except the

temperatures of heating in air and the steam treatment was 650°C. The chlorine
content of the treated catalyst was 40 ppmw, and the GAL Index was 1.62 (see Table
2). '

25
[0123] As summarized in Table 2, heating in air for 120 minutes at 600°C,
650°C and 700°C without a subsequent steam treatment reduces the chlorine content

10 1090, 730 or 350 ppm respectively. Increasing the heating time to 240 minutes at



cat al yst contai ned 7301ppm chlorine, and the GAL | ndex was 1.8p3(§e4005

Tabl e ), ”ﬁ%’?gﬁl e 14. 5 101131 The spray dried catal yStﬁ”gﬁ%m at i

700Cin air 120 mnutes in an open container place

electrically heated nuffle furnace. The cal cined catalyst contained 350
ppm chlorine (see Table 2). Exanple rjﬁ 101141 The spray dried catal yst
was heated at 600C in air for 120 mnutes in an open container placed in
an electrically heated nuffle furnace. The calcined catalyst, 12'91' was

~placed in a 3/4" OD stainless steel, packed bed tubular reactor that. was

el ect ri celO°¢, hedftCeend UGGt rekulyl imitherfugthes tedugtanag chiedine goniset tedd6t or

mai nt ai n, al,qnd..tenperat uh . I at [n. the .
presence ofms?tgeoa‘)rﬁr?’gfg gpf%%lfn ﬁl% rgugga?%gﬂgﬁﬁgb i%ﬂjéﬁé%\rllé?éﬂ l)%819?9;i H‘eor "Feat ed
cat al ystisweso2&byppdvlsine of s leab)g tiffe. Foampdngpld,heallfd 4656 Sh°Thieriagme

pr ocedur s in . Exanple 15 was ed except. that the 't erafure was .
mai nt ai néd M'att 1@@6‘@3”’?%? rﬁ%’f?ﬁ%ﬁé*@é‘&?l‘:ﬂ@w ‘ri“é}i‘ercaéﬂbstll?éégl) ‘ggglgh 'feam  The

ch or i nefreRN3EITD i I B A preat Bdawad Rk ¥ Sécowal 2040npeiedabe hbe GAL | ndex
was 1.48 (see Table 2). 20 Exanple 17. 101161 The sane procedure as in .
Exanpl e "PE'XR8S GRlafne cQuptt byfaaddieonal Bivpdicatith™e 7HABPREP RE9PABd at 700C

for bot highhg heat i pGadiA) @i dir AN 208RLAG ThifoVSEPBY heatiaanahk %Fésé}ﬂ:e(‘{ﬁntent '
of the treated catalyst was 30 ppm (see Table 2) . Exarg%lge 8. 25'101171
The saneStpbdeHURE Biguiey IEaMPLEE 9D ohdd0sef>Eheapt TUPREC faducesctiral yst

was heat gf,difk dbhiehOlo 248 MAOURESI0 Jhe Fé?{:é%liiwg. cm&a@t%thet ffet frpated.
catalyst was 830 ppm (see Table 2). Exanple 19. WO 03/000411 36 13 DEC '
2@@_? PCTyayspst11s 3g@@d in air and steam to 240 minutes, respectively, has little affect on
further reducing the chlorine content as shown by a.comparison of Examples 15-17
with Ex_amélés <21—2|3, respectively. ‘ o
[0125] Exa'mples 24-26 indicate that increasing the time the catalyst is steam
treated at a given temperature (650°C in these examp.l_es) following the heat treatrnent
15 in air for 120 minutes results in a yet greater reduction 1n chlorine content. The most
dramatic reduction in chlorine content is made during the first 15 minutes of
contacting the heat 't‘reated catalyst with steam.‘ For éxample, comparison ofExafnple
13 with Example 24 suggests. that the chlorine content is reduced from 730 ppm to |
230 ppm after an additional 15 minute -steam treatment.at 650°C. This amounts to an
20 additional chlorine reduction of about 68%. Also, as indicated in Table 2 greater than
99% of the chlonne may be removed from the catalyst following the steam treatment

of the catalyst.



[0118[ The sane procedure as in Exanples 13 was used except tha
cat al ygfo Wasogated in air for 240 m nutes.
treated catal yst was 590 ppm (see Table 2).
sanme procedure as in Exanples 14 was used except that the
240 . m nutes.
was 290 ppm (see Table 2).
procedure as in Exanples 15 were used except the tines and
of beating in air and the tinmes and te
i ndi cat ed |n Table 2. Exanple 27.

heated in
cat al yst

air for

The

>
nge

anples 2

1-26.

3

The chlorlnep@p 1
Exanpl e a 20.

1011

[IE*EEZU??

e
9J The

catalyst was
orine content of the treated

[ 01201 The sane

t emper at ur es
ratures of heating in steam as:.
The spray dried catalyst was

heat ed -at iz eI+ T AghEs T Te OP t-atn, ed in an
el ectri calll heated nﬁ?ﬁ?@'furnace: The cgﬁtlned 1 catalyst then pl aced
ina 3/4" CD stai nl egs steel, |padkud bed(ttedm) af dedex or| tPemwnas
el ectricallly heated. |[About 1 g/mp. of steamat pbout 1' |[atmwas fed to
the reactdqr nmintained at a tlenperatufe of 600C. The cdtal.yst was heated
in the prdgsencel of gqteaWwaor [240NfA nuf es N/Bhe thl ef0ne [corid®et pf the
treated catalyst—was—150-pprw+—andthe—CGAL—tndex—was—2124-Lsee-Tabl e .2).
20 Exanpl g 28. 1?01221 gmg prggﬁdu e as in Exanple 237 jaggcused except
the } tenperaligres qf hesiing 1njzo r and tthe sfeamgkreat nerso wap 650C.
The chlorijne—content! of the tireated catalyst was 40 ppiw ‘and the GAL
| ndex was |1.62 !¢see TabI%OOZ). 251401231 AL sunpari zed ijn P e P,
heating i M ai T80T 120 Nt es atnP0C]- 093gC and 700C W thgg =a
subsequent| steamtredtnent redquces thelchlorinejcontent | to 1 090, 730 or
3 50 ppm rlespedfively. |52 eadi ng!dthe heatli?Ag tjme! #8 240 nmi4futep at 1 3
DEC 2005 17 700 120 120 30
18 600 240 0 8§30
19 650 240 0 590
20 700 240 0 290
21 600 240 240 220
22 650 240 240 160
23 700 240 240 40
74 650 120 15 730
25 650 120 30 120
26 650 120 60 70
27 600 120 240 2.24 150
) 28 650 120 240 1.62 40
[0126] The attrition properties of Examples 1, 13, 16, 27, and 28 are listed in

Table 2. Attrition properties of catalysts can be defined by the Gross Attrition Loss

(GAL) Index. The smaller the GAL Index the more resistant to attrition is the

catalyst. The GAL Index is measured in the following manner. About 6.0+ 0.1 g of

SAPO catalyst was added to an attrition cup of an attrition apparatus known in the art.

23,700 sce/min of nitrogen gas was bubbled through a water-containing bubbler to



WO 03/ 000411 PCTI US02/ 13489 37 600C, 650C and 700C, results in b&e -
further reduction in chlorine content to 830, 590 or 290 ppnl;:f 1005
respectively. As indicated only small amounts of additional chlorine is
removed by a doubling of the heating tinme. For exanple, heating at 650C
during the first 120 m nutes reduces_the chlorine content in the

catal yst by about 98%. i,e., 5 from 3%, 800 ppn ' to 730 ppm Heating for
a second 120, minutes  reduces the remaining chlorite content by an .
~additional 19% i.e., :from 730 ppmto 590 ppm 101241 Heating in air for
120 ni nubemidify theéd By mgaﬂﬁrwnimsaeﬁehr]@psgd‘rmtrnfon cyp@adekised th20 mi nut es
at tenpe of d ntent to
as0,  Labh S trao ool fod T HE ARSIy AL BT (50T o

i s . heat egtaiyat aarncl&tﬂdesstm@rﬁdrml?ﬁafl:ﬁtrmommf eh;: cartad;:pemhmlrsl 19, thehamlldnt tle

affedt- on further cont ent
corrparlsfi‘hp%%thé)f&wséga% ﬂi?regc”ct”ﬁatgzlg th”“%‘ic%by sf%q%m y. [01251
Exanpl es nﬁtbgzﬁ gandThaperetsratof itlcthaaisle lﬂgtehhm eb ithieesi ke thafiak paticles st eam
treated gi ven te eratur S% n the gme n@les following the
neat 1 edieharcPad e o Sy TR RRUE 8% PO TG Caod e eselin o
reduct i oGAINIkdekardsniessapat stue ZTha. most ~ dramatic reduction in chlorine
content is made duri.ng the first 15 minutes of contacting the heat
treated catalyst wiith steam For exanple, conparison of Exanple 13 with

Exanpl e Pphzgyggest srﬂé}atrogdmm&hbwsmgahm@h@m attrgtidredipcest haiatlinedGoppm t o
230 ppm after an additional EJ,}ﬁ m nute steam treatnment a‘ 650C. Thi s '
anmount s PO HAUSY A88CPTEHAPT EWIAGFTAR CYRYGER YU BieddB 0 € 8RB0, as

i ndi cat egthi Qiutakieh &pgg @aeilerﬁedtrhﬁfb cA994Gfhet BEriGhd @Iih@@atﬁﬁ&ét p@ne:egmved
fromthe catal yst: foll t%éthe steam.treatnent of ca
03/ 0( 10454t tggﬂpam: any xigp €5 fRIBAIDIBET) U@@t,«ﬁ@nfgg s0 that the 1 amclles

may be included in the GAL Index. 23,700 scc/min of nitrogen gas was passed
through the elutriation cup for 30 minutes. Additional fine particles were separated
by the thimble. The collection of fine SAPO panicleé' separated by the thimble were
weighed. The amount in grams of fine particles divided by the original amount of

catalyst added 1o the attrition cup is the GAL Index.’
[0128]) GAL Index = C/(B+C) x 100

wherein B = weight of catalyst in elutnation cup

C = weight of collected fine catalyst particles



Time Time GAL Chlorine Exanple No. Tenp. C(air) (stean) |ndexPpnmw
mn.mn. | NAN AN A%033800 1260012001090 1365012001. 8573.0 1?3@2%3%350
15600120120250 166501201201. 48140 171@012012030 186002400830 0590
207002400290 21600240240220 22650240240160 2370024024040 2465012015230
2565012030120 266501206070 276001202402. 24150 286501202401, 6240 [ 01261

The attrition properties of ExanplepAqMs3, 16, 27, and 28 are listed in
Table 2. Attrition properties of catalystis can be defined by the G oss
Attrition Loss 5 (GAL) index. The smaller the GAL I ndex the nore

ol ot o W8 of Berh Vg RhRbYP fror ol bealiff Rl bFRARY cEYSP N
comprising:
heating the catalyst in a low moisture environment at a temperature from 400°C to
1000°C; and
contacting the heated catalyst with steam at a temperature from 400°C to 1000°C to

produce a steam-treated catalyst.

2. The method of claim 1 further comprising heating the steam-treated catalyst

in an oxygen environment at 2 temperature from 400°C to 1000°C.

3. The method of claim 1 wherein 50% by weight of the halogen is removed
from the catalyst.
4, The method of «claim 1 wherein the catalyst contains

silicoalominophosphate and/or aluminophosphate molecular sieve selected from the group
consisting 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, ALPO-5, ALPO-11, ALPO-18, ALPO-31, ALPO-34,
ALPO-36, ALPO-37, ALPO-46, the metal containing forms of each thereof, and mixtures
thereof.

5. The method of claim 1 wherein the low moisture environment contains less

than 5% by volume water,

6. The method of claim 5 wherein the low moisture environment contains less

than 1% by volume water.



SAPO cat al yst was added to an attrition cup of an attrition apq rat us
known in the art. 23,700 scclmn of jpitrogen gas was bubbl ed t HH@@WWE
wat er - cont ai ni ng bubbler to 13 DEC 2685 39 hum dify the N2. The wet

ni trogen passed through the attrition cup and exited the attrition
apparatus rthrough a porous fiber thinble. This thinble separates the
fine catal yst pameimbBad oeSWiti Nevheredncemeactiaigt the theated abtalyse wodt stbarst
particles in the attrition cup as the catalysf partjcles are circul ated
i n t heoraprisestdontrcting thy catakyst s en eRYEIment GpatpiFig afyleast thea WorduBF ze of
the thinble determ nes the size of the fine particles that are
separ We¥Y% from the catal yst. The pore size of the thinble used to measure
the GAL Index was |ess-than about 2 m 101271 .The nitrogen fl ow passing
through the attrition cup was maintained for 60 mnutes: The contents of
the attritigon cUfhewaethot redrnddier I eheredn aontetting thatlicetedcaafalyst Phth steam

elutriation cup is designed not tqQ c e furthe ttrjtiqgn of the

cat al JeseoyradEqre pheut S0hyto Fye Sér?t%é“&%t}jglfjgweé%r’#‘? @Fa&d %ﬁﬁ?tni ng in the
attrition cup so that the fine particles may be included i,d the GAL

| ndex. 23,700 scc/mn of nitrogen gas was passed through the elutriation
cup for 309 nutBg méthddtdfaidin § iwiergarcontabitisg therleatdpantsdys dvitibyteame
thinbl e. The collection of fine SAPO particles separ aged by the thinble
ver e remeygsdiom EheutA0%u tn ahont 99% by weishtiof balegen fremde gpatedieatalyst. ¢ he
original anpbunt of catalyst added to the attrition cup is the GAL

| ndex.' 10128J GAL Index = ¢ (B-1-C x 100 wherein B = wei ght of catalyst

in elutriatjioon CTiR fmetholebPblaif1 eMeleds tips hilopen calchloyink dadr theCdtesn-40
CLAIMS 1 3 DEC 2005 1. A nethod of renoving hal ogen froma non-zeolitic

nol ec titeatedsiatalxst containg from EGnpmite #AQ prmdatWFighttdhlorigt al yst in a | ow
noi sture environnment at a tenperature from400C to 1000C, and

11.  The method of claim 10 wherein the steam-treated catalyst contains from 10

ppm to 200 ppm by weight chlorine.

12. A method of rémoving halogen from a non zeolitic molecular sieve catalyst
comprising:

heating the catalyst in an oxygen environment at a temperature from 400°C to
1000°C to produce a heated catalyst; and

contacting the heated catalyst with steam at a temperature from 400°C to 1000°C.

13, The method of «claim 12 wherein the catalyst contains
silicoaluminophosphate and/or aluminophosphate molecular sieve selected from the group
consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20,
SAPQO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42,
SAPO-44, SAPO-47, SAPO-56, ALPO-5, ALPO-11, ALPO-18, ALPO-31, ALPC-34,
ALPO-36, ALPO-37, ALPO-46, the metal containing forms of each thereof, and nuxtures
thereof.



contacting the heated catalyst with steamat a tenperature fron]é 400C to
1000C to produce a steamtreated cata yst. 2_ The nethod of cl h3MEE 2005
further conprising heating the steamtreated catalyst in an oxygen
environnent at a tenperature from400C to 1000C. 3. The nethod of claim1l
wherein 50% by wei ght of the halogen is renoved fromthe catal yst. 4.
The net hod 4of ctRé Methoth6f éhbifn D evikadialthe bxpRntedviiénment contains greater

si li coal um nophosphate and/or al um nophosphate nol ecul ar sieve sel ected
f r omthdrel @ byprolemaskygimg of SAPO-5, SAPO-8, SAPO- 11, SAPO- 16, SAPO-| 7,
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, ALPO 5, ALPO 11, ALPO 18,
ALPO 3L, APO- Spe ok ; reifleBRadng B %eHRE AhtabRD kMg T Or M5
of each tﬁféslr?eof.?’h%n rr@ﬁlﬁ?lggy?%ﬁ%e%f. 5. Thgeﬂlgglt hod of P}?I aiml wherein
t he |compises ton@ctny teocarapst inont eivimsninest conthiamgsat logst IO by viekumay . 6.
The nethod of claim5 wherein the | ow noi sture environnent contains |ess
t han W3%by vol ume water. 41 13 DEC 2005 7. The nethod of claim1 wherein
contacting the heated catalyst with steam conprises contacting the

catal yst in an environnment containing at |east 10% by volune water. 9.
The net hodiéf ciTak mdthodef diim ¢Dmthentin g Hdlegehdatkldrinatad yaitastinghhst eam
renmoves from about 50%to 99% by wei ght of hal ogen_fraomthe heated

cat allyested catalyple watht iean gemeves fiem Viherei $9% dnt wetghh §f chivorinedram thait al yst
W th stfgm hefoves from about 90% to about 99% by wei ght of hal ogen from
t he htéeé‘eoca&aé’h’%ﬂ yst. 10. The nmethod of claim| wherein the halogen is
chlorine and the steam treated catalyst contains from10 ppmto 400 ppm
by wei ght chlorine. 11. The nethod of, claim 10 wherein the steamtreated

catal yst cbht ai Adeimethed of clgpm b virgeinseriastiingicdiatedmatplyss avith steam
removes from 90% to 99% by weight of chlorine from the heated catalyst,

18.  The method of claim 12 wherein the steam-treated catalyst contains from 10

ppm to 400 ppm by weight chlorne.

19, The method of claim 18 wherein the steam-treated catalyst contains from 10

ppm to 200 ppm by weight chlorine.

20. A method of removing halogen from a halogen-containing non zeolitic
molecular sieve catalyst, the method comprising heating the catalyst in an environment
containing steam at & temperature from 400°C to’ 1000°C, removing from 70% to 99.99%
by weight of the halogen from the catalyst, thereby producing & steam-treated catalyst.

21. The method of claim 20 wherein the catalyst is heated at a temperature from
500°C to 800°C,

22.  The method of claim 20 wherein the catalyst is heated at a temperature from
550°C to 700°C



12. A nmethod of renoving hal ogen froma non zeolitic nol ecul ar sieve
catalyst conprising: heating the ca%gl yst in an oxygen envi ronddiid W8 a
tenperature from400C to 1000C to produce a heated catal yst; and
contacting the heated catalyst with steamat a tenperature from 400C to
1000C. 13. The nethod of claim 12 wherein the catal yst contains

sili coal um nophosphate and/or al unii nophosphate nol ecul ar sieve sel ected

fromthe group _consistjng.of PO 5, SAPO- SAPO-. 1 SAPQ 16, SAPO 17,
SAPO. 18, S92 PO. Bbe metgscpizfa i@&%iﬁm gﬂﬁéﬁgﬁﬂ léﬁﬁ@%@,f aé’/ifﬂé%é‘)‘?gmg
SAPO@%‘D 0’5@&8 g&msSAPO 42, SAPO 44, SAPO-47, SAPO 56, ALPO-5, ALPO 11,
ALPO-18, A ., ALPO-34, ALPO 36, ALPO 37, ALPO 46, the netal

containing forns of each thereof, and m xtures thereof. 42 13 DE C 2005
14. The method of claim 12 wherein the oxygen environment contains
greater tRén 10% myethes ehdaixydarherein th Iy i Beptest fof| apsrogXagdes ei n
cont agt i nt? gge4§eat ed catalyst with steam conprises contacting the
catalﬁ‘ﬁn ?i $* 8RVPr onment  cont ai ni ng at |east 10% by volune water. 16.
The met hod of claim 12 wherein the halogen is chlorine and contacting the
heated catal yst with steamrenoves from 70% to 99% by wei ght of chlorine
fromthe BBat edheansethydof claim 20 wherein thednwirowherit ronBinsteareise woi?act i ng

the heated catal yst_wi.th steam renoves from 90%to 99% by wei ght of
chl or HEOQWF‘I%‘ foe farm QLRCAT st | 18. The method of claim 12 wherein the

steamtreated catalyst contains from10 ppmto 400 ppm by wei ght

chlorine. 19. The nmethod of claim 18 wherein the steamtreated catal yst
cont ai ns f26m 1(heppethod of CRim 2hvhereieithhenmotunorenheont20s anleasit 1Ydbpf

renovi ng hal ogen qfl:fr m a hal ogen-cont ai ni ng non zeolitic nol ecul ar si eve
cat al VB&L}“?‘H%‘%‘&B’[ 880%9{@?35&9 heating the catal yst in an environment

27.  The method of claim 20 wherein the environment further contains air,

nitrogen, helium, flue gas, or any combination thereof.
28, The method of claim 20 wherein the halogen is chlorine.

29.  The method of claim 20 wherein the source of halogen in the catalyst is

aluminum chlorhydrol.

30. The method of <claim 20 wherein the catalyst contains a
silicoaluminophosphate and/or aluminophosphate molecular sieve selected from the group
consisting 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, ALPO-5, ALPO-11, ALPO-18, ALPO-31, ALPO-34,
ALPO-36, ALPQO-37, ALPO-46, the metal contaming forms of each thereof, and mixtures

thereof.



containing steamat a tenperature from400C to' 1000C, renoving from 70%
to 99,99% by weight of the halogen fromthe catalyst, thereby]pnedygsng
a steamtreated catalyst. 21. The ne%l;ﬂod of claim 20 wherein the catalyst
is heated at a tenperature from 500C to 800C, 22. The nethod of claim 20
wherein the catalyst is heated at a tenperature from 550C to 700C 43 1 3
DEC 2005 23. The nethod of claim20 wherein the catalyst is heated for a
period rardjing Thomehad 06 chimoll furthied . comipeisingt drodactibg cheistna@Btredtiet ei n

the catal yst. .is heated f.or a period rangin fro .25, to 4 hours. 25.
The RBTRE Yo 20 YD SmViFEIRAT Thah SRS PHHITE MIE0CuhPY RS SKES% (o 10%
by volune water in the formof steam 26. The nethod of claim 20 wherein
the environnment contains at |east 10% by volunme water in the form of
steam 27.37[he Th¢ hmethod ofl eliaim 220 Whietsh,nphibe terheating rthatcatabyst her an

contains air, nitrogen, helium flue gas, or_any conbination thereof.
28. TEheirppmmpicastainingsisapn thihbilegen-eansainag sakalyst i heatedrin adowagoistape

nmet hod_ of cl ai m 20 wherein the bal ogen.in t.he | yst. i

o UL PR b ARNIEH BloofL AR deE S8 kel o1
cont grhge ﬁaloggﬂ jnicRakilyspphosphate and/or al um nophosphat e nol ecul ar
sieve selectéd fromthé group consisting 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-40Q, SAPO-41. SAPQ.42. SARPO 44, SAPO- 47, . SAPO-56, ALPO-5,
APO 11, ALRO 187 REE §F SRBG L Fhereh) BE. Y MRINGSSTVIALBEREERE, ot al
cont L4y Bgn 594 B¥ vohunRaedied hereof, and m xtures thereof. 1 3 D E C 2005
44

34, The method of claim 33 wherein the low moisture environment contains

less than 1% by volume water.

35. A method of removing chlorine from a non-zeolitic molecular sieve catalyst
compxismg: |

heating the catalyst in a low moisture environment at a temperature from 400°C to
1000°C to remove at least 50% by weight of the chlorine from the catalyst; and

contacting the heated catalyst in a second calcination environment containing about

5% to about 10% by volume water at a temperature from 400°C to 1000°C,

36. The method claim 35 wherein the low moisture environment contains less

than 1% by volume water.

37.  The method of claim 35 wherein contacting the heated catalyst in a second
calcination environment produces a catalyst that contains from 10 ppmw to 400 ppm by

weight chlorine.



31, The nethod of claim 20 further conprising contacting the
steamtreated catalyst with an oxygen environnent that contaf3)Egriggt er
than 5% by vol une oxygen. 32. The nejhod of claim 20 wherein, prior to
heating the catalyst in an environnment containing steam the

hal ogen-contai ning catalyst is heated in a | ownoisture environment at a
tenperature of from400C to 1000C, renoving at |east 50% by wei ght of

t he hal oged8.i n Aheatelystakymprisi8g. a Tor zoelitiodmoleculenisiavs? indrgarde roxidee | ow
noi sture environnment contains., |ess than 5% by_volume water,  34. The

met haBatBk, ARG RIS HERH HhEHRn hsuraly s iepenFrmo HieRm otibPrE bY ess
t han J% vy removing chlorine froma

non- z‘%%%ﬁﬁ%(?%r%g\éﬁgﬁhsefig@exéha‘{@‘{}g}g%eggce(‘mpri sing: heating the catalyst
in a low noisture environnent at a tenperature from400C to 1000C to

renove at | east 50%3?/ wei %h_t of the chlorine fromthe catal yst; and
cont acti ng3%-he Mbaraalystatalyist 3§ wharcinethoratabyst coniaing diome hd ppimmionto

cont ai_ni_n out 5% t.0 0 10% by vol une water at a tenperature from
4OOCF[pg“?[gﬁﬁ’%?n%f]et?ﬂ’émﬁépﬁg%mg%oﬁ%ﬁ?cﬁher ein the | ow noisture
environment contains less than 1 % by volune water. 37. The nethod of
claim 35 wherein contacting the heated catalyst in a second calcination
envi r onmerd0.pr odihe eatalystoxtcddimsi8 wheatindbnbalogen i& coloxit® ppnw t o 400 ppm by
wei ght chlorine. 13 BE C 2005 45 38. A catalyst conprising a non
zeolitic nol ecular sieve, inorganic oxide matrix, and matrix materi al,
wherein the catalyst contains from 10 ppmto 600 ppm by wei ght hal ogen
as determ ned by X-ray fluorescence. 39. The catal yst of claim 38 wherein
the catal yst contains from 10 ppnw to 80 ppnw hal ogen as determ ned by
X-ray fluorescence. 40. The catal yst of claim 38 wherein the halogen is
chl ori ne.






